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1. Densities of Molten Inorganic Nitrate Mixtures. 
By K. LayBourn and W. M. MApcIN. 


DENSITIES of molten inorganic salts were measured by Jaeger (Z. anorg. Chem., 1917, 
101, 1), using a hydrostatic method, but he confined his attention to pure substances; 
Sandonnini (Gazzetta, 1920, 50, i, 289) reported the densities at 350° and 400° of three mix- 
tures of sodium nitrate with potassium nitrate, but no further information is available 
upon molten salt mixtures. Such data being of value, we have accurately determined 
densities, over a considerable temperature range, for various systems of nitrates, all of 
which have been examined by us in other ways (Laybourn and Madgin, J., 1933, 236). 


EXPERIMENTAL. 


Hydrostatic measurements are not convenient in operation, and a simple and exact method, 
similar to that employed by Matuyama (Sci. Rep. Imp. Univ. Téhoku, 1929, 18, 19) for molten 
metals, has been devised. It consists essentially in weighing a known volume of liquid in a 
bulb calibrated for volumes. 

The bulb (see Fig. 1) was of Pyrex glass, and had a long narrow flanged neck graduated 
with eight annular marks approximately 1 cm. apart. The narrow neck (diam. 4 mm.) is 
essential for accuracy of volume measurement but it is difficult to fill such a bulb with liquid 
by ordinary methods without formation of air-locks. A pipette of special design (see below) 
was therefore used to transfer the molten substances from the fusion furnace to the density 
bulb. 

Materials used were purified as described in earlier papers (/oc. cit.), and the mixtures were 
fused in a Pyrex glass tube, heated electrically to a temperature about 25° above the freezing 
point of the particular mixture used. The transferring pipette, also of Pyrex glass, slightly 
exceeded the density bulb in volume, and had a delivery tube of small bore, similar in length 
to the neck of the density bulb, drawn to a fine tip (0-5 mm. diam.). In actual use, the pipette 
was preheated within the fusion tube above the melt, and liquid was then drawn in by slight 
suction from the pump, and retained by closing the top of the pipette with the finger. On 
raising the pipette from the fusion furnace, the liquid at the tip of the delivery tube quickly 
solidified, thus preventing leakage when this tube was introduced into the neck of the density 
bulb, but the main bulk of liquid remained molten. 

The density bulb was suspended at the flange of the neck from a loop of fine nichrome wire 
in a preheating furnace, made by winding two concentric glass tubes with resistance wire. 
In this furnace the operation of filling could be clearly observed. The bulb was preheated to 
a temperature above the freezing point of the mixture under examination and the delivery 
tube of the charged pipette was then introduced into the neck. In a few seconds the solid 
seal melted and the molten substance could be run into the bulb under control and without 
the formation of air-locks or the contamination of the upper parts of the long neck. Sufficient 
liquid was introduced to fill the bulb to about the second graduation mark and the bulb was 
then transferred to the furnace used for the actuai density measurements. 

Fig. 1 shows a section of the furnace. It consists essentially of a thick brass tube wound 
with resistance wire and well lagged with asbestos. The metal serves to equalise temperature 
throughout the furnace. A thermocouple enters through a small hole in the base, and tem- 
perature measurements are made with the other junction of the couple immersed in the vapour 
B 
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of boiling sulphur, using an accurate millivoltmeter capable of giving temperatures to + 0-5°. 
The top of the furnace is closed by a thick asbestos lid and, when in use, is further sealed with 
a winding of asbestos rope. The ud carries a small length of capillary tubing through which 
the wire suspending the density bulb is threaded after introduction of the bulb into the furnace. 
The top end of the wire is attached to a glass hook whose height can be adjusted by means of 
a clamp. The furnace is also provided with two small diametrically opposed windows (1 cm. 
x + cm.), and a central Pyrex-glass 
Fic. 1. lining which prevents any possible local 

cooling effect by these apertures. 

In an actual determination of the 
density of a salt mixture, the temper- 
ature was adjusted (by means of external 
resistance) to a suitable point, and 
sufficient time allowed (8 hours) for the 
filled density bulb, within the furnace, to 

Thick-walled capillary attain this temperature. The bulb was 
: then raised, by adjustment of the height 
Asbestos lid of the pi Bi hook, until the 
Asbestos ropé meniscus and one definite graduation 
mark were visible with a cathetometer 
through the observation windows. A 
strong light, placed behind the furnace, 
enabled the heights of the meniscus and 
graduation mark to be easily read. The 
heights of both top and bottom of the 
}-— Asbesvos lagging meniscus were taken in order that a 
correction for the volume of the meniscus 
might be applied. When raising the 
bulb, a small length of the suspension 
. wire was exposed to a lower temperature 
+ or — and the consequent contraction affected 
the meniscus height slightly ; the catheto- 
meter readings were therefore not made 
i a until 30 minutes after the glass hook had 
Winding of been raised ; repeated readings were then 
nichrome wire, 
 jassslated from found to be constant. 
brass tube by Calibration of Bulb, and Calculation 
asbestos paper of Density.—The internal diameter of 
the tubing used to make the necks of 
the density bulbs was measured with a 
travelling microscope, and the exact 
distances between the neck graduations 
on the various bulbs were measured with 
a cathetometer. The bulb was now 
immersed in an ice-bath at 0°, and pure 
mercury introduced until the meniscus 
stood at a suitable height on the gradu- 
ated portion of the neck. The height of 
the meniscus above the adjacent gradu- 
ation was read and thus its height above 
the lowest graduation could be found. 
The weight of the mercury was sub- 
sequently determined. With different 
amounts of mercury, the whole graduated portion of the bulb neck was calibrated in this 
way. The density of mercury at 0° was used to calculate the volumes corresponding to 
the various heights above the lowest graduation, a correction being applied for the volume 
of the mercury meniscus in the course of the subsequent density calculations. Similar calibra- 
tions were made for a series of temperatures up to 300°, the density furnace being used as a heat- 
ing bath, and in this way the coefficient of cubical expansion of the glass bulb could be determined. 
We found this coefficient to be 96 x 10-7 and to be independent of the temperature: this 
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information enabled the volume corresponding to any height at any temperature to be calculated 
rapidly from the graph showing heights plotted against volumes for 0°. The density of mercury 
at 0° was taken as 13-5951. 

When the density of a salt mixture was determined, the meniscus height was read for several 
temperatures, and the charged density bulb then removed from the furnace and allowed to cool 
in a desiccator before weighing. The temperatures chosen for determinations of the densities 
of molten salt mixtures were within about 10° of the respective freezing points, in the first 
instance. Thereafter temperatures were raised progressively to as much as 200° above the 
freezing points, but this range of variation was frequently restricted by decomposition (e.g., 
in mixtures containing lead nitrate). 

Solidified salts were easily removed from bulbs by means of a fine jet of hot water. In order 
to discover if molten nitrates had any effect on the glass, bulbs were filled with various mixtures 
and kept at 350—450° in the density furnace for 6 days: the loss in weight of any of the bulbs 
was never as high as the possible error in weighing, and in most cases no loss at all could be 
detected. 

The density of a mixture of mass m g. at a temperature ¢° is D, = m/V;, where V, is the true 
volume of the liquid; V, can be calculated from H;, the observed height meniscus reading, 
since the latter corresponds to a volume vp, on the calibration graph relating to conditions at 
0°; vy, is corrected to ¢° by vu, = v,(1 + 96 x 10%) and v, requires correction for meniscus 
volume as follows. 

In Fig. 2, v, represents the meniscus volume for a salt melt and v, that for mercury when each 
is at a height H, and bounded by ab and cd respectively. By 
considering v, and v, as caps of spheres, they can be calculated 
from measurements of the respective heights, 4, and h,, and 17, 
the radius of the containing tube. The general expression for Sal e 
such volumes is v = 77/6 . (377k + h3); mr*h, is the volume between Meniscus 
H, and ab, and rr*h, that between H,and cd. Thus the following 
relation holds: V, = vy, + (xv*h, — v,) + (xr*hg — v.) and, on 
substitution for v, and v,, V; = vy, + 7/6. [37?(h, + he) — (hy? + A,°)]. 

The systems investigated in the present work were binary 
mixtures of potassium nitrate with sodium, lead, barium, and 
strontium nitrates, sodium nitrate with lead nitrate, and certain 
ternary mixtures of the nitrates of potassium, barium, and Mercury 
strontium. The only pure substances which could be fused were Meniscus 
potassium and sodium nitrates. 


Fic. 2. 


Results and Discussion.—The results of the various measure- 
ments made are in the table, In all cases density varies linearly with temperature, either 
for a pure substance or for any one of the mixtures. Fig. 3 shows density plotted against 
temperature for a number of binary and ternary mixtures and, in each example, a straight 
line is obtained. Such behaviour seems quite general and, in the results now reported, 
the maximum deviations of the densities from the corresponding straight lines never 
exceeded + 0-001, which is the limiting error claimed for these results. 

Data for the study of density-composition curves at a given temperature can be ob- 
tained by drawing an isothermal across.a set of lines, covering the necessary range of com- 
position for the particular system (cf. 380° isothermal, Fig. 3). To test whether an iso- 
thermal density-composition curve follows the mixture law, it is necessary that an ortho- 
meric function should be examined, and this requires that either density should be plotted 
against composition by volume or specific volume plotted against composition by weight 
(cf. MacFarlane and Wright, J., 1933, 114). The specific volume is the most suitable 
quantity to use here, since the densities of those pure substances which were infusible are 
not known. 

Specific volumes, calculated from the corresponding densities, are plotted against 
composition by weight for five binary systems in Fig. 4; the relevant temperatures are 
shown. Only in the system potassium nitrate-sodium nitrate could a full range of com- 
position be examined, and the deviation from the straight line (mixture law) is slight and 
decreases as the temperature rises. Both curves are convex towards the composition 
axis, but the higher-temperature curve is a straight line for part of the range. An exactly 
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similar curve to the latter is shown for the system potassium nitrate—lead nitrate, while 
the system sodium nitrate—lead nitrate gives a straight line. 

The other two. systems [Fig. 4 (2)] differ only very slightly from the straight line but 
in the opposite sense from the above, 1.e., the curves are concave towards the composition 
axis. The five binary systems have been examined by us previously (J., 1933, 236 
and earlier references) and, whilst potassium and sodium nitrates form a continuous series 
of solid solutions, the remaining four systems are of the simple eutectic type. This classific- 
ation is in no way indicated by the present results either by the nature or the extent of 
the deviations from the mixture law; indeed, the deviations are much too small to suggest 
any conclusions. 

The specific volume-composition relations for the three-component system potassium 
nitrate-strontium nitrate—barium nitrate have been examined for the range of composition 
prescribed by decomposition (see inset, Fig. 3). The densities on the constant-temperature 
line (380°) in Fig. 3 were converted into specific volumes, which were as follows (Nos. 1— 
15 refer to compositions as in Fig. 3) : 


No. 1 2 3 4 5 6 7 8 
SNS, WOR. cececiccsess 0°5446 0°5316 0°5157 0°4998 0°4828 0°5262 0°5051 0°4823 
No. 9 10 11 12 13 14 15 
RE, WHR... sanisnsisnss 0°4599 0°5107 0°4943 0°4887 0°4778 0°4722 0°4665 


These results were used to construct Fig. 5, where points representing mixtures of equal 
specific volume are joined. The method 
of construction was similar to that em- 
ployed by us in deducing liquidus iso- 
thermal diagrams (J., 1932, 2582). Lines 
of equal specific volume are straight, and 
make practically equal intercepts on the 
two sides of the triangle (Fig. 5), showing 
that the corresponding binary systems 
almost follow the mixture law. It is pro- 
posed to examine this type of diagram 
further. 

Only for two pure components (potass- 
ium and sodium nitrates) were we able to 
obtain density-temperature curves, and 
our results never differ by more than 0-002 
from the values calculated from the 
formule of Jaeger (loc. cit.); his freezing 
points for the two nitrates are respectively The ternary system KNO,-Sr(NO ;),-Ba(NO,),. 
1° and 2° lower than our values, so exact Specific volumes of liquids at constant temper- 
agreement is not to be expected. are 








(Lines of constant specific volume.) 


(Compositions are in weight percentages.) 


1. The system KNO,—NaNO,. 


100% KNO;, 90% KNO;,, 80% KNO,, 70% KNO;,, 60% KNO,;, 50% KNO,, 
0% NaNO, 10% NaNO, 20% NaNO, 30% NaNO, 40% NaNO, 50% NaNO, 
(f. p. 340°). (f. p. 307°). (f. p. 277°). (f. p. 250°). (f. p. 229°). (f. p. 227°). 
Dy. t. Dy. t. D. t. Dr. t. Dy. t. Di. t. 
1860 347° 1-887 314° 1-907 291° 1°934 258° 1:948 242° 1-:943 252° 
1855 354 1868 340 1877 332 1914 286 1920 281 1:905 305 
1844 369 1852 362 1850 369 1890 318 1:892 320 1:883 335 
1831 387 1829 394 1825 404 1859 360 1-882 333 1:838 398 
1806 420 1-802 431 41797 442 1825 407 1842 388 1:797 455 
1-792 440 1-797 446 1796 452 
1776 462 





40% KNO,, 
60% NaNO, 
(f. p. 241°). 
Dd ‘ 
1-944 254° 
1-924 282 
1°876 348 
1-823 421 
1-809 442 


20% KNOs;, 
70% NaNO, 80% NaNO, 
(f. p. 260°). (f. p. 279°). 
Dy t. Di. t. 
1-934 270° 1-922 289° 
1911 302 1874 357 
1889 333 1818 437 
1-850 388 

1-799 460 


0% KNO,, 


2. The system KNO,-Pb(NOQ,),. 


90% KNO,, 
10°% ‘Pb(NO,), 
(f. p. 328°). 
1983 332 
1-978 340 
1-961 360 
1-944 387 
1-922 418°5 


80% KNO;, 70% KNO,, 
20% Pb(NO;), 30% 
(f. p. 312°). (f. p. 290°). 
2110 320 2-255 302 
2095 338 2:235 
2072 368 2-219 
2058 3865 2-203 
2044 405 2190 


352 
372 
390 


3. The system NaNO,-Pb(NQ;),. 


90% NaNO,, 
10%, Pb(NO,), 
(f. p. 304°). 
2022 311 
2005 335 
1:993 352 
1-968 388 
1-960 400 
1-940 429 


80% NaNO; 70% NaNO,, 
20% Pb(NOs), 
(f. p. 297°). 
2145 305 
2133 321 
2113 348 
2100 364 
2084 387 
2060 419 


(f. p. 288°). 
2°283 296 
2-273 308 
2°249 341 
2-228 371 
2-209 398 


4. The system KNO,-Sr(NOQO,),. 


90% KNO,, 
% Sr(NOv)s 
(f. p. 322°). 
1-923 324 
1891 366 
1868 397 
1841 433 
1810 474 


80% KNO,, 
20% Sr(NOs), 
(f. p. 295°). 
1997 304 
1951 365°5 
1924 400 
1876 465 


70% KNO,, 
30% Sr(NOs), 
(f. p. 294°). 
2°062 298 
2040 327 
2°033 = 337 
1991 394 
1970 421 


5. The system KNO,-—Ba(NQ;j).. 


90% KNO,, 
10% Ba(NO,), 
(f. p. 331°). 
1924 349 
1911 366 
1880 407 
1830 471 


6. The ternary system KN 


80% KNOs,, 
10% *Sr(NO,)», 
10% Ba(NQOs), 

(f. p. 296°). 

2-018 300 

1-996 332 

1-969 368 

1947 397 

1-930 420 

1-908 449 


80°, KNO,, 
20% Ba(NOs), 
(f. p. 307°). 
2°031 314 
2003 +350 
1974 388 
1932 443 


70% KNO,, 
30° Ba(NO,), 
(f. p. 301°). 
2118 321 
2096 348 
2079 371 
2-026 441 


O,-Sr(NO,),—Ba(NO, ),. 
70% KNO,, 70% KNO,, 
20% Sr(NOs3),, 10% Sr(NOs)., 
10% Ba(NO,;), 20% Ba(NO;), 
(f. p. 283°). (f. p. 287°). 
2074 312 2097 315 
2046 350 2076 342 
2020 384 27059 365 
27004 405 27034 397 
1976 442 27004 436 


Pb(NO,), 


330°5 


30% Pb(NO;), 


10% ENO, 
90% N 

(f. p. 05%): 
D,. t. 
1910 310° 
1887 342 
1842 406 
1806 459 


60% KNO,, 


40%, ‘PL(NOs)s 


(f. p. 258°). 
2-430 yi 
2-413 292 
2:396 312 
2368 344 
2350 363 
2337 377 


60% NaNO,, 


40%, Pb(NO,), 


(f. p. 278°). 
2°457 287 
2437 310 
2-432 316 
2-401 351 
2368 391 


60% KNO,, 
40% Sr(NO;), 
(f. p. 361°). 
2°082 366 
27054 402 
27022 445 


60% KNO,, 
40% Ba(NO,), 
(f. p. 360°). 
2179 371 
2163 391 
2119 446 


60% KNO, 
30% Sr(NOs;)., 


10% Ba(NOs), 


(f. p. 350°). 
2109 359 
2101 368 
2-080 396 
2033 456 
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0% KNO,, 
100% NaNO, 
(£. ‘p. 310°). 
D,. t. 
1:904 318° 
1887 344 
1876 360 
1864 378 
1:848 402 
1-839 415 
1810 458 


50% KNO,, 
50% Pb(NO,), 
(f. p. 219°). 
2651 230 
2619 261 
2-606 275 
2589 292 
2529 353 
2516 366 


50% NaNO,, 
50% Pb(NO,), 
(f. p. 301°). 
2°620 306 
27600 328 
2°585 343 
2°556 373 


60% KNO,, 


20% Sr(NO3)2, 
20% Ba(NO;). 


(f. p. 346°). 
2130 365 
2108 392 
2-089 417 
2070 441 


40% KNO,, 
60% *Pb(NO3), 
(f. p. 271°). 
2°805 276° 
2°791 288°5 
2-761 318°5 
2°736 345 


40% NaNO,, 
60% Pb(NO,), 
(f. p. 335°). 
2792 338 
2779 349 
2-764 363 


60% KNO,, 
10% Sr(NOs)q, 
30% Ba(NQ;), 

(f. p. 347°). 

2-168 350 

2-146 378 

27129 399 

27118 413 

27094 443 


SUMMARY. 


(1) A method is described for the exact determination of the densities of molten salts 
and salt mixtures. 

(2) Density values for various systems of inorganic nitrates have been obtained over 
a range of temperature (about 150°), starting near the respective freezing points. 
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(3) Density varies linearly with temperature for each of the mixtures studied by us. 
(4) Isothermal specific volume-composition curves are found to differ only slightly 
from the values required by the mixture law. 


We are indebted to the Research Committee of this college for a grant. 
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2. The Formation of Alkali-metal Hydrides by Atomic Hydrogen. 
By EpDNA FERRELL, THOMAS G. PEARSON, and Percy L. RoBInson. 


THE reactions of atomic hydrogen with a number of elements have recently been described 
(Proc. Roy. Soc., 1933, A, 142, 275). Those elements were comparatively insensitive to 
moisture and gave rise usually to volatile hydrides. The technique has been somewhat 
modified in studying the behaviour of lithium, sodium, and potassium, which have been 
shown to combine readily at the ordinary temperature with atomic hydrogen to form 
their respective hydrides, the presence of which was evident not only from visible changes 
in the metals but also from specific chemical tests. 


Fic. 1. 
7o pump 


————— 





Atomic hyd. 
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Atomic hyd. To pump 
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In the earlier experiments, films of metal condensed on the walls of the reaction tube were 
used, and sodium and potassium could be readily volatilised in a vacuum to form such mirrors. 
Lithium, however, is known, when liquefied, to fracture the glass at the point of contact; 
this difficulty was overcome by supporting the metal in a small porcelain boat, for although 
this invariably cracked, the reaction tube was left intact. 

The apparatus used consisted of a discharge tube, similar to that previously described 
(Joc. cit.), in which hydrogen at 0-2—2-0 mm. could be excited with a current of 0-5 amp. at 
about 5000 volts, to which was attached a working tube (Fig. 1; A, B, C) by means of a picéin- 
sealed joint, whence the gas was removed by a pump system with its protective condensing 
vessels. The arrangements enabled a stream of hydrogen rich in atomic species to be drawn 
through the working tube at a velocity of about 10 m./sec. 

In the first experiments, with a tube of type A, sodium was volatilised in a black vacuum 
from the point X to form a metallic mirror at Y. Such a mirror was unaffected by molecular 
hydrogen which had been dried over potassium hydroxide pellets and fused calcium chloride 
and had subsequently passed through the unexcited discharge tube. When, however, the gas 
was subjected to the discharge, the mirror at once began to lose its grey metallic appearance 
at the end nearest the discharge tube, and was rapidly converted throughout its entire length 
into a white film. The reaction began spontaneously and was accompanied by the evolution 
of heat; but apparently started and continued at the ordinary temperature, since effective 


(A) 
































8 The Formation of Alkali-metal Hydrides by Atomic Hydrogen. 


cooling of the tube did not lessen the speed of conversion. The conversion of thicker deposits 
of metal was arrested by the protective coat of hydride formed, but could be carried to com- 
pletion by the simple expedient of evacuating the apparatus, driving the unchanged metal to 
the surface by gentle heat, and there treating it with a further quantity of atomic hydrogen. 
When the conversion was complete, as shown by the fact that metal could no longer be evapor- 
ated from the material if appropriately heated in a black vacuum, the following tests were 
performed. The portion of the tube carrying the deposit was cut out and the product was 
shown to effervesce with water; this phenomenon, in the absence of free metal, was attributed 
to the liberation of hydrogen from the hydride. The apparatus was filled with carbon dioxide 
with the product im situ, and then heated; the product, when dissolved in water, gave positive 
tests for a formate with ammoniacal silver nitrate and neutral ferric chloride. 

Mirrors of the alkali metals were ]znown to us to be extremely sensitive to moisture; ¢.g., 
they are practically instantaneously converted into hydroxide by the moisture present in 
ordinary air, and the possibility remained that some, perhaps most, of the change observed 

as due to moisture, either expelled from the discharge tube or its electrodes by the heating 
effect of the current, or arising from the influence of the discharge om traces of oxygen present 
in the hydrogen. With these possibilities in mind, a mirror was prepared at Y in a working 
tube (Fig. 18), which was provided with a lining of silver foil Z about 3 in. long, sufficient to 
catalyse the complete recombination of all the atomic hydrogen present in the gas stream 
but offering no interference to the passage of moisture or oxygen. Under these conditions 
the conversion of a similar mirror was incomparably slower, being incomplete in 3 hours. For 
a crucial demonstration of this point, a tube of the form C was employed. It was constructed 
in Pyrex glass and was provided with a 3-in. cylinder of silver foil (twisted as shown in sec- 
tion S) attached to the glass rod R which passed through the air-tight rubber gland G, move- 
ment being facilitated by lubrication with glycerol. By this means the silver could be moved 
from position Z to position Z’, where it was out of the direct gas stream. At X the alkali 
metal was vaporised in a vacuum and gave a mirror at Y. After a stream of hydrogen of 
appropriate velocity had been started, the discharge was switched on with the silver foil at Z, 
the tube surrounding the silver being kept cold by pads of wet cotton-wool. After the passage 
of atomic hydrogen for 45 minutes the alkali-metal mirror was quite unaffected, but the instant 
the silver foil was removed to position Z’ attack began and proceeded quickly over the whole 
area of metal. The attack was not quite so rapid as in the straight tube, which is readily 
explained by the less direct path taken by the atomic gas and the fact that some of it would 
diffuse towards Z’. 

Lithium.—The hydride formed a white powdery deposit. Carbon dioxide, dried over 
calcium chloride and phosphoric oxide, was passed over the heated material, which remained 
white, and when the product was dissolved in water and treated with ammoniacal silver nitrate, 
metallic silver was deposited on boiling. The same solution, made neutral and treated with 
neutral ferric chloride, gave a reddish coloration which disappeared on acidification with hydro- 
chloric acid. Simultaneous blank tests were negative, and it was concluded that the formate 
had arisen from the hydride: LiH + CO,—— H°CO,Li. In thicker layers the hydride was 
faintly blue. The material appears to be identical with that obtained by Troost and Haute- 
feuille (Ann. Chim., 1874, 2, 279) from the combination of the elements at 500°; Dafert and 
Miklanz (Monatsh., 1912, 38, 63) mention a bluish colour. 

Sodium.—The white compound formed gave the above tests for hydride, and appeared 
similar to the material obtained by Moissan (Compt. rend., 1902, 134, 71) and by Ephraim and 
Michel (Helv. Chim. Acta, 1921, 4, 762) when the metal is heated to 360° in hydrogen. It was 
formed as readily as the corresponding lithium compound. 

Potassium.—The material was white, gave all the tests for hydride, and was of the same 
nature as the hydride of Ephraim and Michel (/oc. cit.), who found that the combination of 
potassium was promoted by traces of calcium. No promoter was needed with atomic hydrogen, 
reaction being instantaneous. 
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3. The Systems Acetone-Sodium Hydroxige—Water and Acetone- 
Potassium Hydroxide—-Water at 0°. 


By CLiFTon W. GIBBY. 


SEVERAL systems containing acetone, water, and an inorganic salt give rise to two 
liquid layers (compare Roozeboom, ‘‘ Heterogene Gleichgewichte,” III). In the two 
now described, partial miscibility can be obtained with almost all ratios of acetone to 
water. 


Materials.— Acetone A.R. was tested and found to be free from impurity. Distilled water 
was boiled before use to remove carbon dioxide. Sodium hydroxide solution, free from car- 
bonate, prepared by Cornog’s method (J. Amer. Chem. Soc., 1921, 48, 2573), was stored ina silver 
bottle. No difference could be detected between results obtained with this solution and with 
one prepared by dissolving freshly washed pellets of A.R. sodium hydroxide in water. Neither 
the latter solution nor the similarly prepared potassium hydroxide solution gave a precipitate 
with barium hydroxide solution; both solutions were standardised by titration against hydro- 
chloric acid previously standardised by calc spar. 


Acetone 
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Procedure.—On account of the volatility of acetone, all experiments were carried out at 0°. 
The shapes of the binodal curves were established by titration of acetone into alkali hydroxide 
solutions of various concentrations, cooled in melting ice, until a permanent separation into 
two layers was observed. The positions of the tie-lines were determined by shaking suitable 
mixtures of known composition until equilibrium was reached, and titrating the alkali in samples 
of the two layers, the compositions of which could then be found by reference to the binodal 
curve. During the time required to attain equilibrium, only a very slight discoloration of the 
acetone was observed. In some cases the amount of a'kali in the acetone-rich layer was too 
small to be titrated. 

The solubilities of the two hydroxides in anhydrous acetone were negligibly small, and their 
solubilities in water at 0° (found to be in agreement with the values given in the International 
Critical Tables) were not appreciably affected by addition of acetone. , 

Results.—The following results are represented graphically in the figures, and are in weight 
percentages. 
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System : Acetone-Sodium Hydroxide—W ater. 
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System: Acetone—Potassium Hydroxide—Water. 
Binodal curve. 
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4. Studies in Electrolytic Oxidation. Part IV. Anodic 
Polarisation in Halide Solutions. 


By S. GLASSTONE and A. HICKLING. 


It was first observed by E. Miiller (Z. Elektrochem., 1900, 6, 573; 1902, 8, 425; see also 
Wohlwill, ibid., 1898, 5, 52) that, on the electrolysis of chloride solutions with a smooth 
platinum anode, chlorine was first evolved at a potential in the vicinity of the reversible 
value, but as the C.D. was increased the anode potential rose suddenly by about 0-6 volt. 
This change was found to occur more readily in alkaline than in acid solution, although it 
was not observed when a platinised anode was used. Miiller attributed the higher potential 
stage to the accumulation of hypochlorous acid, which he said was unstable in acid solution 
and in the presence of finely divided platinum. The abnormal polarisation phenomenon 
was subsequently investigated by Luther and Brislee (Z. physikal. Chem., 1903, 45, 216), 
who confirmed Miiller’s observations and also showed that the greater the concentration 
of chloride the higher was the C.D. at which the sudden polarisation occurred ; these authors 
also noted that if the platinum electrode was polarised anodically before use in the chloride 
solutions, the lower potential stage, close to the reversible value, appeared to be entirely 
suppressed, the rise of potential occurring at a lowC.D. Some of the observations were 
accounted for by supposing that chlorine evolution resulted from the discharge of Cl,’’ ions 
and that the rise of potential occurred when the rate of diffusion of these ions to the electrode 
was unable to keep pace with the rate of ionic discharge; it was also realised that the 
polarisation was related in some manner to the state of the electrode surface. A further 
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study of the electrolysis of chloride solutions was made by Pfleiderer (cbid., 1909, 68, 49), 
who observed the variation of anode potential with time; he found, in general, that at any 
fixed C.D. the electrolysis proceeded at the lower potential stage for some time before the 
sudden rise of potential to the higher stage occurred. The time elapsing before the break 
was observed was smaller the larger the C.D. and the less acid the solution. Pfleiderer 
analysed the gases evolved at various C.D.’s from a number of hydrochloric acid solutions 
and found in every case traces, at least, of oxygen; he considered that the oxygen resulted 
from the action of chlorine on water, and that the polarisation was connected in some way 
with the formation on the surface of the anode of an oxide of platinum which catalysed this 
reaction. 

Boericke (Z. Elekirochem., 1905, 11, 71) found that the phenomenon of the sudden rise 
of potential could also be observed at a smooth platinum anode in neutral bromide solu- 
tions, and Foerster and Yamasaki (ibid., 1910, 16, 321) showed that the higher potential 
stage is favoured by the presence of oxygen in the anode and by the use of alkaline electro- 
lytes. Similar results were obtained by Herrschel (Diss., Leipzig, 1912; see Grube, Trans. 
Faraday Soc., 1913, 9, 224; Foerster, Z. Elektrochem., 1916, 22, 85) with alkaline solutions 
of potassium iodide, but with neither bromide nor iodide solutions did the polarisation occur 
at a platinised platinum anode. Incidentally, Herrschel (loc. cit.) made the remarkable 
observation that in the electrolysis of potassium iodide solutions the polarisation occurred 
more readily at 40° than at 0°; this fact does not appear to have received the attention it 
merits. 

In general reviews of electrode polarisation phenomena, Grube (loc. cit.) and Foerster 
(loc. cit.) discussed the observations made in halide solutions and concluded that the rise of 
potential is due to a retardation of one of the intermediate stages in the formation of 
molecular halogen from the discharged ions, brought about by an oxygen charge or oxide 
formed on the platinum anode. This theory is in harmony with the observations that the 
polarisation under discussion occurs most readily in alkaline solutions and with electrodes 
containing oxygen, and with the fact that the ease of polarisation diminishes in the order 
chloride, bromide, iodide, but it fails completely to account in a simple manner for Herr- 
schel’s discovery that the polarisation is favoured by an increase of temperature, since 
retardation effects are invariably decreased as the temperature is raised. Moreover, the 
theory cannot be used to explain many of the observations made in the course of the 
present work. 

The electrode-potential phenomena observed in the electrolysis of halide solutions have 
a number of features in common with those found in the anodic oxidation of thiosulphate 
and sulphite solutions (J., 1932, 2345, 2800; 1933, 829) and it appeared that the 
theory of the formation of hydrogen peroxide at the anode, proposed in connection with 
the latter studies, could account in a simple manner for the results of previous workers. 
The present investigation was undertaken to provide confirmation of this point of view. 


EXPERIMENTAL. 


Observations have been made of the variation of anode potential with time at constant C.D., 
as in previous work, and also of the influence of C.D. on potential in the electrolysis of halide 
solutions under various conditions. For the potential—time studies, the apparatus used was that 
already described (J., 1932, 2345), a smooth cylinder of platinum gauze of area 55 sq. cm., 
mounted vertically and rotated at a speed of 550 r.p.m., being employed as anode. For the 
potential—current curves the electrical circuit was fitted with rheostats permitting of a smooth 
variation of current from a fraction of a milliamp. to 1 amp.; the potential was measured by 
the usual potentiometer—voltmeter method to 0-01 volt. In the chloride solutions, the anode 
was a spiral of platinum wire of area 1 sq. cm.; it was mounted and rotated in the same manner 
as the large anode used in the potential-time experiments. For the bromide and iodide solu- 
tions, higher C.D.’s were required, and so a platinum wire of 0-1 sq. cm. area was used as anode; 
it was mounted as a stationary electrode, and the solutions were agitated by means of an inde- 
pendent stirrer. Before use, the platinum electrodes were cleaned and their oxygen contents 
controlled in the manner described in previous work; unless otherwise stated, they were used 
in the smooth unplatinised condition. A number of observations have also been made with a 





Glasstone and Hickling : 


gas-carbon anode. All experiments, except those mentioned under the heading of the influence 
of temperature, were carried out at room temperature (about 18°) and potential measurements 
are recorded on the hydrogen scale. 

Results. 


Chloride Solutions.—Anode potential-time curves. The results obtained under various 
conditions with chloride solutions are shown in Fig. 1; the numbers of coulombs passed are used 
as abscisse, instead of times, so that curves for different currents are directly comparable. Ow- 
ing to the presence of an electrical resistance, amounting, e.g., to about 1 ohm in 0-1N-hydro- 
chloric acid, between the rotating anode and the tip of the siphon connecting it to the calomel 
electrode (cf. Glasstone, J., 1923, 123, 2926), all the potentials measured are higher than the true 
values; the differences are probably constant throughout for any one current and are roughly 
proportional to the current strengths. These resistance errors will consequently have no 
influence on the general form of the curves although their position will be affected; for example, 


Fie. 1. 
(B) 





by YY & 
~ @® GWG NY 


og 
© 








~ 
re 
3S 
x» 
Nn 
1:7 
% 
~~ 
~ 
.*) 
~ 
=) 
Q 


hog 
SS 





Anode 
~ S 
& S 


P 
D 











af ‘ 





7000 3000 5000 7000 250 500 
Number of coulombs passed. 


the three curves in Fig. 1a should be moved downward so that their initial portions almost 
coincide at about 1-4 volts, but the time elapsing before the sudden rise of potential occurs, 
which is the phenomenon under investigation, remains unaffected. 

The curves in Fig. 1a show the variation with time of the anode potential in a 0-1N-hydro- 
chloric acid solution electrolysed with currents of 0-1, 0-25, and 0-5 amp. respectively; the 
theoretical quantity of electricity (965 coulombs) required for the liberation of all the halogen 
present in the anode compartment (100 c.c. of solution) was passed in each case. It is seen that 
the higher the value of the current used the smaller is the quantity of electricity that has to be 
passed before the sudden rise of potential occurs. The effect of varying the hydrochloric acid 
concentration is seen in Fig. 1p; the anode potential—time curves are for 0-05, 0-1, and 0-2N- 
solutions electrolysed with a constant current of 0-25 amp.; it is evident that decrease of con- 
centration favours the polarisation. Fig. 1c shows the effect of varying the hydrogen-ion 
concentration at constant chlorine-ion concentration; the curves are for (a) N-sodium chloride 
in 0-1N-sodium hydroxide, (b) N-sodium chloride, and (c) 0-9N-sodium chloride in 0-1N-hydro- 
chloric acid, a current of 0-25 amp. being used ineach case. The onset of polarisation is evidently 
markedly favoured by alkalinity of the electrolyte. 

In view of the remarkable influence of catalysts for the decomposition of hydrogen peroxide 
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in the electrolytic oxidation of thiosulphate and sulphite ions observed in previous work (J., 
1932, 2345; 1933, 829), the effect of such substances on the potentiaJ--time curves for the 
electrolysis of hydrochloric acid was studied; some of the results obtained are presented in 
Fig. lp. The solutions were prepared from 0-1N-hydrochloric acid and in addition were either 
0-001M with respect to manganous or ferrous chlorides or contained 0:5 g. of powdered manganese 
dioxide, precipitated silver, or animal charcoal suspended in 100 c.c. of electrolyte. At the 
temperature and dilution of the acid used, the manganese dioxide did not dissolve to any detect- 
able extent in the course of electrolysis. The influence of the added substances in facilitating 
the onset of polarisation is very marked. Similar results were obtained with a specimen of 
charcoal which had been specially purified by extraction with acid and washing. 

Anode potential—current curves. Since the electrode potential depends on the time of electro- 
lysis, it is necessary to control the duration of the observations at each C.D. in order to obtain 
reasonably reproducible results. The method used was to fix acertain E.M.F. on the potentio- 
meter and then rapidly to adjust the polarising current until the anode—calomel electrode system 
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had the same value. In general, 1 minute was allotted to each of the observations which were 
made at intervals of 0-1 volt commencing from the reversible E.M.F. The potential was fixed 
at the beginning of the minute, the adjustment of current was then made in a few seconds, and 
the value of the current read at the half minute; the next potential was fixed at the conclusion 
of the minute, and soon. Observations were made first with steadily increasing potentials and 
then with decreasing values; the results obtained in this way for 0-1N-hydrochloric acid are 
plotted in Fig. 2a. Since the currents used in this portion of the work did not exceed 0-03 amp., 
with an electrode of 1 sq. cm., the resistance error is small and the potentials may be regarded as 
substantially correct. The curves show that at low C.D.’s the potential set up is approximately 
that for reversible chlorine-ion discharge, but at a certain point the current suddenly drops to a 
low value and only increases again after the potential is raised appreciably. On decrease of 
the potential applied to the polarised anode, the current falls rapidly at first and then more 
slowly to zero; the lower potential stage is apparently completely suppressed. This is in agree- 
ment with the well-established observation that the rise of potential occurs at very low C.D.’s 
if the electrode is previously polarised anodically. 

The effect of varying the time permitted for each observation is shown in Fig. 2B; the 
electrolyte used was 0-1N-hydrochloric acid in each case. As is to be expected from the effect 





14 Glasstone and Hickling : 


of time on the potential (Fig. 1), the onset of polarisation occurs at lower C.D.’s the longer the 
time taken for measurements; this fact will, of course, militate against the reproducibility of 
the observations, but this does not appear to have been appreciated by previous workers. 

The effect of the addition of some of the catalysts already mentioned for hydrogen peroxide 
decomposition is seen in Fig. 2c; the electrolyte was 0-1N-hydrochloric acid in each case. The 
anode potential—current curve for the acid alone is included (dotted line) for comparison; it is 
clear that in accordance with the results represented in Fig. 1p the catalysts have a marked 
effect in shortening the first potential stage. 

Previous workers have found that the polarisation to the second potential stage does not 
occur in hydrochloric acid solutions when using a platinised platinum electrode; this is certainly 
the case in the absence of catalysts for hydrogen peroxide decomposition, as is shown by the 
curve in Fig. 2p for 0-1N-hydrochloric acid. The addition of 0-001M-manganous chloride or of 
0-5 g. of animal charcoal to 100 c.c. of solution, or previous anodic polarisation of the electrode, 
permits the onset of the higher potential condition. 
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Bromide and Iodide Solutions.—On account of the large currents necessary to bring about 
polarisation of anodes in these solutions in reasonable time, the potential—time curves were not 
studied in detail. The results obtained with chlorides, however, show that very little more can 
be learnt from these curves than from those showing the variation of potential with C.D. obtained 
under standard conditions, viz., allowing one minute per reading; the latter method of studying 
the polarisation in bromide and iodide solutions was, therefore, adopted. In Fig. 3a are seen 
the anode potential—current curves for 0-1N-potassium bromide alone and for the same solution 
to which had been added either manganous sulphate (0-001M) or carbon (0-5 g./100 c.c.) as 
catalyst. Fig. 38 shows the curves for 0-1N-potassium iodide in 0-1N-potassium hydroxide 
solution and for the same solution containing animal charcoal (0-5 g./100c.c.) insuspension. In 
both cases the addition of catalysts for the decomposition of hydrogen peroxide favours polaris- 
ation of the anode. 

The relative polarisability of a smooth platinum anode in chloride, bromide. and iodide 
solutions is demonstrated by the curves in Fig. 3c; each electrolyte was initially neutral and was 
0-1N with respect to the halide ion. The smallest platinum anode (0-1 sq. cm. area) was used 
in each case in the smooth state. 

Influence of Temperature.—The observation of Herrschel (/oc. cit.) that increase of temperature 
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causes the platinum anode to polarise more rapidly in iodide solutions has been confirmed by 
using the potential-time method. With an electrolyte consisting of N-potassium iodide in 
0-9N -potassium hydroxide and a current of 1 amp., the rise of potential to the higher stage 
occurred after 225 minutes at room temperature, whereas at 60° the polarisation was attained 
5 minutes after switching on the current. Indications of a similar effect were observed with 
chloride solutions; for instance, with N-sodium chloride, using a current of 0-25 amp., the break 
in the potential-time curve occurred after about 220 minutes at ordinary temperature but only 
5 minutes were required at 60°. With bromides, however, temperature appeared to have little 


effect on the polarisation between 18° and 60°. 
Carbon Anode.—The potential—current curves for a gas-carbon anode, having a superficial 


area of 1 sq. cm., in 0-1N-sodium chloride, -potassium bromide, and -potassium iodide in 0-1N- 
potassium hydroxide, are plotted in Fig. 3p. Although there is very marked polarisation, 
particularly in the chloride and bromide solutions, there is no break in the curves; in view of 
the results obtained in the oxidation of thiosulphate at a carbon anode (J., 1932, 2805), this is 
not unexpected. 

DISCUSSION. 


None of the theories proposed hitherto is able to account in a simple manner for the 
observations on anodic polarisation in halide solutions now reported. The pronounced 
effect on the potential—time and potential—current curves of the addition of such diverse 
substances as a manganous salt and powdered carbon, both of which are, however, good 
catalysts for the decomposition of hydrogen peroxide, suggests that, as in the anodic 
oxidation of thiosulphate and sulphite ions, hydrogen peroxide plays an important part 
in the electrolysis of halide solutions. If, as previously suggested (J., 1932, 2353), hydroxyl 
ions can be discharged to form hydrogen peroxide irreversibly, then right from the com- 
mencement of the electrolysis, even when the anode potential is well below that for reversible 
hydroxyl-ion discharge, the current will be utilised partly in the liberation of free halogen 
by the discharge of halogen ions and partly in the formation of hydrogen peroxide.* The 
latter will react immediately with halide ions—in neutral solution with bromide and iodide 
and in slightly acid solution with chloride (Maass and Hatcher, J. Amer. Chem. Soc., 1922, 
44, 2476; Hiebert and Maass, ibid., 1924, 46, 290)—-yielding eventually free halogen, thus : 
H,O, + 2X’ = X, + 20H’. The net result, at low C.D.’s, is almost quantitative liber- 
ation of halogen at potentials in the vicinity of the reversible value for the discharge of the 
respective ions, viz., ca. 1-4 volt for chlorine, 1-1 volt for bromine, and 0-6 volt for iodine. 
There is, however, another effect of considerable importance: a small fraction of the 
hydrogen peroxide will decompose spontaneously, giving oxygen which will be adsorbed by 
the electrode. At first, the potential of the platinum-oxygen system may be below the 
reversible value for the halogen (cf. J., 1932, 2345; 1933, 829) and so will not be 
observed, but eventually saturation will be attained and, as in the oxidation of thiosulphate 
and sulphite, the potential must then rise rapidly towards that for oxygen evolution. This 
mechanism, which is in harmony with that proposed in connexion with other anodic pro- 
cesses, accounts in a simple manner for the general form of the potential-time curves. 

With large currents the stationary or equilibrium concentration of hydrogen peroxide 
is high and its rate of decomposition is consequently greater than when small currents are 
employed; the break in the anode potential-time curve thus occurs sooner the larger the 
current used (Fig. 14). Similarly, a decrease in the concentration of the halide permits 
the accumulation of hydrogen peroxide owing to the reduced rate of reaction; the anode 
thus becomes more quickly saturated with oxygen and the rise of potential occurs sooner 
(Fig. 1B). Any factor which favours the decomposition of hydrogen peroxide should 
facilitate the polarisation of the anode to the higher potential stage; the remarkable effect 
of the addition of manganous ions, ferrous ions, manganese dioxide, powdered charcoal, or 
precipitated silver is thus explained (Fig. 1p). The influence of the fg of the electrolyte 
(Fig. 1c) is also probably related to the varying stability of the peroxide, although such 


* It is necessary to emphasise that the vapid and irreversible removal of discharged hydroxyl 


radicals is an essential postulate of the theory proposed by the present authors; if this were not so, it 
would be impossible for the potential set up by the oxygen which accumulates at the electrode surface 


to be independent of the discharge potential of the hydroxy] ions. 
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factors as discharge of hydroxyl ions and suppression of the reaction between peroxide 
and the halide ion, both of which are favoured in alkaline solution, will also be effective. 

It may be noted that cobaltous chloride and cobaltic oxide were found to have only a 
very small influence on the potential-time curves with hydrochloric acid, although the 
oxide is normally a good catalyst for the decomposition of hydrogen peroxide ; experiments 
showed, however, that its efficiency in the presence of hydrochloric acid was very slight 
compared with that of manganese dioxide. 

It is well known that halogen ions themselves are able to catalyse the decomposition 
of hydrogen peroxide, their effectiveness increasing in the order chloride, bromide, iodide ; 
it might be anticipated, therefore, that the onset of anodic polarisation in halide solutions 
under comparable conditions should occur in the reverse order. The actual observations 
(Fig. 3c) are directly opposed to this expectation. It must be remembered, however, that 
the reaction between hydrogen peroxide and the halide occurs far more readily with iodide 
than with chloride, so that the stationary concentration of peroxide at the anode increases 
rapidly in the order iodide, bromide, chloride. In any case, the catalytic influence of the 
halogen ions on the decomposition of hydrogen peroxide is relatively so small that it would 
hardly affect appreciably the rate of accumulation of oxygen at the anode, and the onset 
of polarisation is determined mainly by the reaction between peroxide and the halide. 

The potential—-current curves require little comment in the light of the previous dis- 
cussion; the influence of the time allowed for each observation of potential (Fig. 2B) and 
the effect of catalysts (Figs. 2c and D, and 3a and B) can be readily understood. With 
platinised platinum the surface is greatly enhanced and the time taken to saturate it with 
oxygen is consequently prolonged. It is noteworthy that the catalytic decomposition 
of hydrogen peroxide by the platinised platinum, which might be expected to be appreciable, 
is probably poisoned by the free halogen (cf. Bredig and Ikeda, Z. physikal. Chem., 1901, 
37, 63). Previous work (J., 1932, 2350) has indicated a marked stability of the platinum-— 
oxygen system responsible for the polarisation, and the oxygen in this form appears also 
to react only slowly with halide solutions; it is not surprising, therefore, to find that on 
decreasing the current after the second potential stage is attained (Fig. 2a), or by using an 
electrode previously polarised anodically (Fig. 2p), the lower potential condition is not 
observed. 

Although it was not possible to predict that increase of temperature would favour the 
higher potential condition, the hydrogen peroxide theory gives a reasonable explanation 
of this unusual polarisation phenomenon. The rate of oxygen accumulation depends on 
the rate of decomposition of the peroxide, and this is dependent on its stationary or equili- 
brium concentration at the electrode; the latter depends to a great extent on the rate of 
reaction between the peroxide and halide, and the net effect of temperature will be deter- 
mined by its relative influence on two velocity coefficients. If the rate of spontaneous or 
catalytic decomposition of the hydrogen peroxide increases with temperature more rapidly 
than the rate of reaction with halide, then increase of temperature will favour the accumul- 
ation of oxygen at the anode and the consequent rise of potential. This evidently occurs 
in the chloride and iodide solutions studied in the present work and in the iodide solutions 
used by Herrschel (/oc. cit.). 

The suggestion has already been made that part of the halogen liberated at the anode 
will arise from direct reversible discharge of the corresponding ions and part by the oxid- 
ation of the halide by hydrogen peroxide. If this is so, then the presence of a catalyst for 
the decomposition of the peroxide should bring about a decrease in the total efficiency of 
halogen liberation ; this point was tested in the following manner. The porous pot used as 
anode compartment was fitted with a stopper, and a rapid stream of air was aspirated 
across the surface of the liquid and passed into potassium iodide solution. After electro- 
lysis the iodine liberated from this and from the addition of potassium iodide to the anolyte 
in the porous pot was titrated with standard thiosulphate solution; the titre was assumed 
to correspond to the total amount of free halogen liberated at the anode. The results, 
which are given below, can only be regarded as approximate although reproducible to 
1—2%; they were obtained after the passage of 483 coulombs with the large rotating 
smooth platinum anode, a current of 0-25 amp. and 100 c.c. of anolyte being used. The 
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latter was halide solution only or the same solution cantaining 0;001M-manganous chloride 
(for the chloride solutions) or 0-001M-manganous sulphate (for the bromitle solution).° : 


Efficiency of halogen liberation, %. 
0°1N-HCIl. 0°1N-NaCl. 0°1N-KBr. 

Without catalyst ......:0.0c<0ss<00 94 50 83 

With catalyst......0....cccccccssccece 25 29 70 
The definite decrease of efficiency in the presence of the catalyst for hydrogen peroxide 
decomposition is most probably due to the elimination of the indirect process of halogen 
liberation, since it is very unlikely that the presence of the manganese compound could 
suppress the reversible discharge of halogen ions. In the presence of the catalyst, the 
higher potential stage sets in very rapidly, so that most of the electrolysis occurs in this 
condition (Fig. 1D); it is possible, therefore, that, in addition to the catalytic effect of the 
manganous salt, the state of the electrode surface or its potential may have some influence 
on one or more of the stages involved in the reaction between halide and hydrogen peroxide. 
This point of view is suggested by the observation that, when a previously polarised anode 
was used, the current efficiency for halogen liberation was in some cases appreciably lower 
than the normal value; the subject is, however, too complex for further discussion at 
present. 

It may appear surprising that the presence of manganous chloride brings about a 
reduction in efficiency for halogen liberation in sodium chloride solution, since hydrogen 
peroxide appears to be without action in neutral solution and so the whole of the halogen 
should result from direct discharge. The unbuffered solution, used in order to avoid 
possible complications of other anions, becomes appreciably acid, however, during electro- 
lysis, and the work of Hiebert and Maass (Joc. cit.) has shown that very dilute hydrochloric 
acid can be oxidised by concentrated hydrogen peroxide. Support for this explanation of 
the observations was obtained by an experiment with 0-1N-sodium chloride in phosphate 
buffer of , 7; the current efficiency for halogen evolution in the absence of a catalyst was 
found to be only about 15%. Under these conditions no oxidation of the chlorine ions by 
hydrogen peroxide occurs, and the efficiency is much less than the 50% obtained with the 
unbuffered solution under the same conditions. 


SUMMARY. 


1. The variation with time of the potential of a platinum anode in the electrolysis of 
chloride solutions at constant current density has been studied under a variety of con- 
ditions; two potential stages are observed: one corresponds approximately to that for 
reversible chlorine-ion discharge, and the other is about 0-6 volt higher. The change from 
the lower to the upper potential condition is favoured by increased current density, lower 
concentration of halide, increase of fg, and the presence of catalysts for the decomposition 
of hydrogen peroxide. 

2. Two similar stages are found when the anode potentials at a series of current densities 
are measured at short intervals of time in chloride, bromide, and iodide solutions; the ease 
of onset of the polarisation corresponding to the higher electrode potential decreases in the 
order given. The addition of hydrogen peroxide catalysts tends to suppress the lower 
potential condition. 

3. The potential of a platinised platinum anode does not normally rise appreciably 
above the reversible value for chlorine-ion discharge, but in the presence of hydrogen 
peroxide catalysts, or if the electrode is previously -polarised anodically, the two stages of 
anode potential can be readily observed. 

4. Increase of temperature has been found to favour the polarisation to the upper 
potential condition in certain chloride and iodide solutions. 

5. The current efficiency for halogen liberation at the anode can in some cases be 
markedly decreased by the addition of manganous salts to the electrolyte. 

6. The results are discussed in the light of the theory that there is, in addition to the 
reversible discharge of halogen ions at the anode, the irreversible formation of hydrogen 
peroxide resulting from the combination of discharged hydroxyl ions. The peroxide is 
c 
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able, under certain conditions,.to. oxidise the halide ions to form free halogen, or else it may 
decorpese yielding oxygén.. The relative extent to which these two processes occur 
determines the influence of the nature of the halide, the effect of concentration of the 
halide, current strength, pg of the electrolyte, temperature, and the presence of catalysts 
for peroxide decomposition, on the onset of the higher potential condition. 


THE UNIVERSITY, SHEFFIELD. [Received, October 18th, 1933.) 





5. The Effect of Pressure on the Binary System Monomethyl- 
aniline—Dimethylaniline. 


By J. C. SwALLow and R. O. GrBson. 


THE effect of pressures up to 4000 atm. on the equilibria in binary organic.systems of 
various types has been extensively studied by Puschin and his collaborators (Z. physikal. 
Chem., 1925, 118, 276, 447; 1926, 119, 400; 124, 16, 217), and by other investigators 
[Roloff, ibid., 1895, 17, 325; Kultaschev, Schriften Naturf.-Gesell. Univ. Jurjew (Dorpat), 
No, 22, 1915]. No work, however, has been done on the system monomethylaniline— 
dimethylaniline, and it has therefore been studied at pressures up to 2000 atm. 


A pparatus.—The apparatus used was designed by Dr. A. Michels of the Physical Laboratory 
of the University of Amsterdam, and is shown in section in Fig. 1. It consists essentially of a 
chamber A in which the substance to be examined is placed so that it can be viewed through the 
windows, B, B’, and its temperature measured by means of the internal thermocouple C. 
Triplex glass screens S, S’, were interposed between the observer and the windows. Oil pressure 
was applied to the surface of the mercury in the pot D and was transmitted by the mercury to 
the substance in A. The pressure was obtained by means of a screw press of the Cailletet type, 
also designed by Dr. Michels and built by Dikkers & Co. of Hengelo, Holland, to give pressures 
up to 3000 atm. 

The pressures were measured by means of Bourdon gauges calibrated up to 1000 atm. 
against a standard pressure balance at Amsterdam. 

Difficulty was first experienced in obtaining windows which would withstand the desired 
pressures, but eventually it was found that the type described by Poulter (Physical Rev., 1930, 
35, 297; see also, ibid., 36, ii, 3005) was satisfactory. A scale diagram of one of these windows is 
shown in Fig. 2. The metal disc L was made of Vibrac steel hardened to about 100 tons per 
sq. in. One surface was ground and polished as flat as possible without optical grinding. The 
glass disc M was cut from a sheet of Moncrieff’s gauge glass, a tough plate-glass. The surfaces 
of the discs cut from a carefully selected sheet of glass were, as a rule, sufficiently flat and did not 
require further grinding and polishing. The glass discs were usually stuck on to the steel disc 
with a little Canada balsam in order to hold them in position until pressure was applied. With 
a glass disc of the dimensions indicated in Fig. 2, a hole 10 mm. in diameter in the steel disc can 
be used with safety up to 1500 atm., and an 8 mm. hole up to 2500 atm. One window with 
a 10 mm. hole failed at 1500 atm. after it had on two previous occasions been tested to 3000 atm. 
A second window with the same diameter hole cracked at 2200 atm. after it had been in use up 
to 1800 atm. for several days. A window with an 8 mm. hole failed at 2400 atm. after having 
been in use on several occasions up to 3000 atm. 

Evidence of the limit to which the glass windows can be taken may be obtained by viewing 
them in a polariscope between crossed Nicol prisms. Before the application of pressure the 
field is dark; as the pressure is increased, light begins to come through and the dark space 
contracts to a Maltese cross, the arms of which become thinner as the pressure is further increased. 
Finally, a few hundred atmospheres before the breakdown of the window, the dark cross almost 
disappears and colours begin to appear round the edges of the window. A similar phenomenon 
has been noted by Wahl (Phil. Trans., 1912, 212, 117) with the apparatus which he built for 
optical research at high pressures. 

Proceduve.—Pure substances. Various methods have been used by Tammann (“ The States 
of Aggregation,” Constable, 1926), Bridgman (“‘ The Physics of High Pressures,” Bell, 1931), 
Puschin (Z. physikal. Chem., 1924, 113, 57), and other workers to determine the melting curves 
of pure substances, depending on either the change of volume or the arrest in the cooling curve 
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during the change of state. The method used with the apparatus described above was 
to maintain the outside bath at a constant temperature and to raise the pressure until crystals 
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began to appear. As 200—300 atm. “‘ over-pressure ” usually had to be applied before crystal- 
lisation began, the pressure was lowered by this amount as soon as the crystals began to grow 
rapidly. After allowing sufficient time (about }$ hour) for equilibrium to have been attained, 
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the pressure and temperature were read. The equilibrium pressure could be confirmed by 
increasing or decreasing the pressure a little and again waiting for equilibrium. It was found 
advisable to work with only a small quantity of the solid phase present, as the latter tended to 
form a hard crust on the surface of the mercury which prevented a proper distribution of pressure 
in the remainder of the substance. It was probably for this reason that attempts to measure 
the temperature of the thermocouple immersed in the substance at various constant pressures 
when both liquid and solid were present did not give results having the reproducibility obtained 
by the visual method already described. 

Mixtures. For binary mixtures, the pressures and temperatures at which the first crystals 
appear are required, for only then is the composition of the mixture known. The temperature 
of the bath was, therefore, kept constant, and the pressure raised until crystallisation had 
commenced. The pressure was then lowered until just one or two crystals remained floating in 
the solution. It was arranged that the mercury level was in the field of view in the chamber 4, 
and by shaking the whole apparatus efficient agitation was produced in the mixture. 


Fic. 3. 
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With dimethylaniline, the crystals of which are birefringent, the otherwise invisible thin 
plates were shown up in polarisation colours by viewing the mixture between crossed Nicol 
prisms. 

Results —Pure monomethylaniline.* Monomethylaniline does not appear to have a definite 
f. p. Beilstein reports that it solidifies to a glassy solid at about —-80°, and Jaeger (Z. anorg. 
Chem., 1917, 101, 146) states that it solidifies with considerable supercooling and remelts at 
—57°. The fact that it cooled to a glassy solid was confirmed, but the remelting did not appear 
to occur at any definite temperature. No signs of crystallisation were obtained under a pressure 
of 3000 atm. with the outside bath containing ice and salt at — 15°. 

Pure dimethylaniline.* Dimethylaniline crystallises readily, and the f. p. has been reported 
by various observers (cf. Beilstein; Landolt—Bérnstein; Jaeger, Joc. cit.) to lie between 0-5° and 
2-5°. The measurement of the cooling curve of a carefully fractionated sample gave f. p. 1-5°, 
and the sample used in making up the mixtures had f. p. 1-0°. Under pressure, it crystallised 
readily with about 200 atm. over-pressure, in the form of thin transparent plates which, when 


* Pure samples of mono- and di-methylaniline were prepared for this investigation by I.C.I. 
(Dyestuffs), Ltd. 
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growing slowly, were regular hexagons. The crystals sank readily to the bottom of the chamber. 
The relevant data are : 


PrOSSUTS, BEM. 2 <covccccceese 140 385 420 708 900 1105 1295 1305 1530 1755 
5°5° —-12°0° —-12°8° 20°0° 25:0° 29°4° 34:0° 34°6° 40°0° 45:3° 


Mixtures. Four mixtures were made up by weight, and their compositions are given in the 
following table as mols. %. The detailed behaviour of each mixture is recorded below. 

(I) About 200 atm. over-pressure were required to start the crystallisation; the crystals had 
the form of diamonds and no hexagons were seen. 


Mixture I: NPhMe,, 75°8%. Mixture II: NPhMe,, 58°75%. 








Press., atm. 655 670 1060 1240 1500 49 280 700 1070 1335 
61° 62° =15°8° ~=19°7° 25°2° — 18°79 — 13°6° —4:7° 42° 10°1° 


Mixture III: NPhMe,, 38°6%. 





"4 


PROS... BEM. 20000000. 755 1105 1395 1820 2120 2360 
Bis Ws. cccacuseconecnsecs — 19°8° — 13-9° — 71° 0-0° 50° 10-0° 


(II) Similar behaviour to mixture (I), although rather more over-pressure was required to 
start the crystallisation. The crystals seemed to have much the same density as the solution 
and did not settle readily. 

(III) About 1000 atm. over-pressure were Fic. 4. 
required to start the crystallisation, which, 
however, proceeded very slowly. It was more 
difficult to obtain the exact pressure of the first 
crystallisation. 

(IV) No signs of crystallisation in this mix- 
ture (NPhMe,, 24:7%) were obtained with 
pressures up to 3000 atm. and at —20°. 








DISCUSSION. 


The experimental points have been plotted 
on a pressure-temperature diagram in Fig. 3, 
and straight lines drawn through them. The 
temperatures corresponding to a series of 
even pressures have been interpolated and 
plotted against composition in Fig. 4, from 
which it will be seen that the curves at 
constant pressure tend to approach each 
other as the proportion of monomethylaniline 
increases. Puschin (/oc. cit.) concluded from 
the systems that he had investigated that 
these curves ran approximately parallel to 
one another, although he recognised that they 
deviated more and more from this parallel Dimeth lanilin er Is.% 
direction as the pressure was increased. g ‘ a 
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6. Studies in Chemisorption on Charcoal. Part II. Experiments on the 
Formation of the Acid Constituent of Charcoal. 


By ALEXANDER KING. 


In Part I (J., 1933, 842), the formation of small quantities of an organic acid, probably 
oxalic acid, in ash-free charcoal was reported; and it was shown that the acid was formed 
only if the charcoal had been exposed to oxygen. The following experiments were carried 
out with a view to discover the conditions of the formation and to investigate the complex 
on the surface of the charcoal which gave rise to it. 

There is some evidence that charcoal retains a small amount of water vapour irreversibly 
adsorbed. This residual moisture must be firmly held at centres of high adsorption 
potentials similar to those at which oxygen might be assumed to be chemically attached to 
the carbon. Its removal might be assumed to exert some influence on the binding of the 
oxygen, or at least on the quantity of oxide formed, as determined by estimation of the 
oxalic acid produced from it. 

An investigation of the effect of drying on the adsorption of oxygen in charcoal was 
carried out by C. J. Baker (J., 1887, 51, 249), a repetition and extension of whose work 


constitutes the latter part of the present paper. 


EXPERIMENTAL. 


The amounts of oxalic acid in the various extracts were determined directly by titration in 
acid solution with N /100-potassium permanganate, prepared immediately before use by dilution 
of a stock N/10-solution and standardised against sodium oxalate. The burette used was 
N.P.L. tested and measured accurately to 0-01 c.c. 

In conjunction with every series of titrations of dilute oxalic acid solutions from the charcoal, 
a blank titration was carried out with the same volume of water and the same acidity as in the 
actual analysis; the volume of permanganate required in the blank titrations was an appreciable 
fraction of that used in the determination of the small amount of oxalic acid, e.g., for extract, 
0-89 c.c.; for blank, 0-13 c.c. The results were all corrected for the blank and calculated to 
exactly N/100-permanganate, so that 1 c.c. = 0-63 mg. C,H,O,,2H,0. 

(1) Passage of oxygen through suspensions of charcoal in water. A sample of 3 g. of the pure 
charcoal, evacuated at red heat and weighed in nitrogen, was put into each of six boiling tubes 
containing 25 c.c. of water. The tubes were connected in series by means of glass tubing and a 
slow current of oxygen was passed through them. The state of division of the charcoal was 
sufficiently fine and the stream of oxygen sufficiently rapid to keep the charcoal in violent 
agitation and to ensure that its whole surface came into contact with the gas. The end tube was 
detached after oxygen had been passing for 1 minute, the second after 5 minutes, the third 
after 30 minutes, and so on. The temperature throughout this and the following experiments 
was 16—18°. The contents of each tube were rapidly filtered as soon as it was detached, and 
the filtrate titrated immediately. The following results were obtained : 


60 180 720 


Time of passage of O,, mins. ......... 1 5 30 
0°69 0°71 


N/100-KMnO, required, c.c. ......... 0°69 0°62 0°71 0°73 
(2) Effect of bubbling air. Similar experiments were carried out with air instead of oxygen. 
The average titration value was 0-72 c.c. and was again independent of the time of passage. 
(3) Effect of the use of different quantities of charcoal. Samples of charcoal varying from 0-1 
to 4 g. were weighed into tubes, 40 c.c. of water added in each case, and the tubes mechanically 
The amount of oxalic acid in each solution was then determined, as follows : 


07121 0°571 1232 1°787 2°362 3°514 3°997 
0°03 0°15 0°33 0°48 0°62 0°93 1-07 


shaken for 3 hours. 


We. of charcoal, ©. .....0cccccccccccsecces 
N/100-KMn0O, required, c.c. .......+++. 

(4) Treatment of charcoal with aqueous alcohol. Further 3-g. samples of charcoal were 
shaken in tubes with 20 c.c. of alcohol—-water mixtures varying in concentration from 0 to 100% 
alcohol. After being shaken for 3 hours, the contents of each tube were filtered and titrated, a 
further 10 c.c. of water having been added to each filtrate. The following results were obtained : 


50 75 90 95 100 


Concn. of soln.: alcohol, % 0 25 
0°78 0-81 0°79 0:00 


N /100-KMnO, required, C.c. ........++- 0°83 0°79 0°89 
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(5) Treatment of moist charcoal with oxygen under pressure. Weighed samples of moist 
charcoal were placed in a steel cylinder with a needle valve. Oxygen was produced in the closed 
cylinder under a calculated pressure by means of the action of water on sodium peroxide, the 
cylinder being warmed. After some time, the pressure of oxygen in the cylinder was released 
and the charcoal washed out and well shaken with water. After filtration, the extract was 
titrated for oxalic acid. Although pressures of oxygen up to 20 atm. were used, the quantity of 
oxalic acid was in each case the same as that formed at atmospheric pressure. 

(6) Regeneration of oxalic acid in samples of charcoal. To each of two 3-g. samples of char- 
coal, 20 c.c. of water were added, and the containing tubes well shaken for 3 hours, the filtrate 
from each sample being then titrated : 0-79 and 0-81 c.c. of N/100-permanganate were required. 
The first sample of charcoal was immediately reshaken in air without drying and after the 
addition of a further 20 c.c. of water; the filtrate after this treatment required only 0-42 c.c. of 
permanganate. The second sample of the charcoal was dried by heating in air at 120° for 
an hour and was then re-treated in the same way as before. The titration was in this case 0-84 
c.c., approximately the same as the original value. 

(7) Use of activated charcoal. 3-G. samples of birchwood charcoal, which had been activated 
for different times at a high temperature and then reheated in air for some time to dull redness, 
were treated with water and shaken in air in exactly the same way as above. The titration 
values were somewhat different from that obtained from the same weight of purified sugar 
charcoal but were of the same order, the average volume of N/100-permanganate being 1-02 c.c. 
The values varied irregularly amongst themselves and were not dependent on the time of 
activation. 

(8) Effect of organic solvents on the charcoal. Samples of 2—3 g. of charcoal were super- 
ficially dried by heating in a current of air for a few hours at 100°, shaken in stoppered bottles 
with dried solvents for 3 hours, and then filtered. The following solvents were used: ethyl 
alcohol, ether, benzene, acetic acid, chloroform, carbon disulphide, methyl alcohol, acetone, and 
xylene. The filtrates were then evaporated to dryness, but in no case was there any residue 
whatsoever. (Oxalic acid is fairly soluble in alcohol and sparingly soluble in some of the other 
solvents used.) Similar extractions with charcoal that had been left in the air for a few hours 
but had not received any preliminary drying also gave negative results. 

(9) Experiments with dried charcoal. In his experiments on the effect of drying on the adsorp- 
tion of oxygen on charcoal, C. J. Baker attempted to get rid of the last traces of moisture by 
heating the charcoal at 150° for a week. Another sample was further dried by heating at 
35—40° for 2 months, and then gave results slightly different from those of his main experi- 
ments. In view of this, and of the general difficulty of drying porous substances, more thorough 
drying than the above seemed advisable. 

The apparatus in which the drying was carried out was constructed entirely of Pyrex glass 
which had been especially chosen as being free from capillaries and was thoroughly baked out 
before use. The charcoal, which had been given a preliminary drying, was placed in bulbs with 
entrance and exit tubes arranged so that the gas used to dry the charcoal should pass through 
it and not over it. The charcoal was first evacuated at a dull red heat. Nitrogen which had 
been freed from oxygen and dried by bubbling through sulphuric acid and then passed through 
several yards of phosphoric oxide drying tubes was allowed to enter the apparatus gradually, 
and a slow stream passed for 6 weeks, during which the charcoal tubes were evacuated and 
heated to redness twice daily. The charcoal was now thoroughly evacuated once again at a 
red heat, and oxygen which had been thoroughly dried with phosphoric oxide allowed to pass 
through it slowly for 3 days. Three of the four bulbs of charcoal that had been dried were 
now sealed off, and the fourth, which was connected to an apparatus for the collection and 
analysis of gases, was evacuated and its temperature gradually raised. At 100° there was no 
trace of any gas evolved, and none was noticed until the temperature had reached about 350°, 
whereupon small traces of carbon monoxide began to come off. At about 470° a rush of gas 
began, and on further rise of temperature smaller amounts of gas were slowly evolved. There 
was no indication whatsoever either of any lower oxide of carbon or of free oxygen. The gas 
obtained was almost pure carbon monoxide, there being only traces of the dioxide. 

Another of the bulbs of dried charcoal which had been sealed off was now opened by breaking 
a side tube, and water, from which all the air had been boiled out, was allowed to enter. The 
charcoal was well shaken and filtered out of contact with the air. The filtrate was evaporated 
to 20 c.c., acidified, and titrated with N/100-permanganate. The amount required was 0-07 c.c. 
(from 4 g. of charcoal), a quantity smaller even than that obtained on extraction of a charcoal 
from which the oxygen had been out-gassed and replaced by nitrogen, and therefore negligible. 
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Another bulb of dried charcoal was broken, and dilute sulphuric acid sucked in. The 
filtrate from this was tested with a few drops of starch-iodide solution, which gave no coloration, 
even on standing. 

DISCUSSION. 


The experimental results show that the formation of oxalic acid in the pores of charcoal 
is remarkably unaffected by variations in the conditions. The amount of acid formed was 
directly proportional to the weight of charcoal used in the extraction with a constant volume 
of water, thus affording additional evidence that the acid is formed in the pores of the char- 
coal rather than by the direct action of water and oxygen on the solid carbon. 

Increase in pressure of oxygen had no effect on the amount of acid formed on a given 
area of charcoal surface and decrease in the partial pressure of oxygen by the use of air (and 
in later experiments by the use of still more dilute oxygen-nitrogen mixtures) had no 
measurable effect. The material giving rise to the oxalic acid must therefore be formed 
almost instantaneously by a preferential adsorption on or combination with the more active 
portions of the charcoal surface. 

The effect of water concentration is equally slight, concentrations of water as low as 5% 
being capable of producing the same amount of oxalic acid as conductivity water. Absolute 
alcohol, on the other hand, does not extract the acid from the charcoal, although oxalic acid 
is readily soluble init. A small minimum amount of water is therefore apparently necessary 
to react with the surface complex to produce acid, or if carboxyl groups are already present, 
to wash them off as oxalic acid. 

In the experiment on the regeneration of acid from samples of charcoal from which it 
had already been extracted, it was found that the original amount was obtained only if the 
charcoal had been dried between the extractions; the smallness of the quantity formed 
otherwise was probably due to the fact that the smaller capillaries were full of water which 
did not allow the access of a fresh supply of oxygen. 

The samples of charcoal used adsorbed approximately ten times their own volume of 
oxygen. Calculation shows that only about 0-5% of this oxygen is used in the formation 
of the acid, and if it be assumed that the oxygen forms a unimolecular layer on the surface 
of the charcoal, only a small fraction of this surface will be available for the formation of 
the acid. It is noteworthy that Rideal and Wright (J., 1925, 127, 1347) found that only 
about 0-38% of a charcoal surface was available for autoxidation, this being of the same 
order as that which produces the oxalic acid. 

If these parts of the surface, active for the formation of the acid, were distributed 
irregularly over the charcoal, it would be expected that activated charcoal whose surface 
was much greater than that of the sugar charcoal used, should produce a much larger 
amount of acid. Experiments show, however, that the amounts of acid formed in activated 
and in unactivated charcoal are of the same order, the ratio of the quantity of oxygen used 
in the formation of the acid to that normally adsorbed being, if anything, less in the 
activated samples. It is logical to assume, therefore, that the acid is formed at pits 
and peaks in the charcoal surface, and that activation, which is accompanied by an 
extension of the surface generally, does not mean an increase in these regions of greater 
activity. 

Neither by extraction of charcoal with a series of solvents nor by distillation of the 
dried substance was it possible to obtain even a trace of any lower oxide of carbon; so 
unless the surface oxide decomposes very easily, it is improbable that it exists as a definite 
compound except in contact with the body of the charcoal. This is to be expected from 
the general (Langmuir) theories of adsorption. 

The oxygen on the surface of the dried charcoal is bound more firmly than that on the 
normal material, from which some at least can be recovered as oxides of carbon at as low 
a temperature as 100°. The lowest temperature at which it is given off in any quantity 
from the dry material is 470°, the slight difference in temperature between this and Baker’s 
result being probably due to a slightly higher degree of dryness in the present case. This 
was also indicated by the fact that in the present investigation only traces of carbon 
dioxide were present in the issuing gases; from Baker’s most thoroughly dried sample of 
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charcoal (2 months) 1-08% was present, and from his other samples (1 week) 11-28—27-7% 
of carbon dioxide. 

These two facts—the higher temperature of gas evolution and the predominance of 
carbon monoxide—indicate some fundamental difference in the way in which oxygen is 
held on dry and on ordinary charcoal. This is further emphasised by the facts that no 
oxalic acid was formed on the interaction of the “‘ dry ” surface oxide with water, and no 
hydrogen peroxide on extraction with dilute acids. 

The essential complexity of the chemical nature of the ordinary, undried charcoal sur- 
face is evident from the first series of experimental results reported above. We have to 
distinguish at least two types of surface: first, the main surface whose oxygen complex goes 
off as carbon dioxide on heating, and secondly, a small, specially active surface on which a 
complex is formed which gives rise to oxalic acid. The experimental evidence shows that 
both types of combination are changed by the removal of water from the charcoal. 

The lack of acid formation suggests that the complex formed at the most active parts of 
the charcoal surface is entirely different from that on the undried charcoal, and the fact 
that no hydrogen peroxide can be obtained suggests the absence of the true peroxide 


structure, and hence the two formule —C-O-O- and si previously put forward for the 


chemisorption of oxygen on undried charcoal are invalid. It seems possible therefore that 
the oxygen is attached to the carbon in the dried charcoal by a double bond over the 
surface generally, as in the annexed formula, which is that originally O O 
suggested by Langmuir (J. Amer. Chem. Soc., 1915, 37, 1154) to " C C 
explain the effect of oxygen as a catalyst poison in the carbon / Se aff Se ” i 
dioxide—carbon reaction. It is also one of the formule suggested my ~\ 

by Garner and McKie (J., 1927, 2455) from thermochemical data. 

Such a formula would represent all the reactions of the present surface compound; it would 
desorb as carbon monoxide and not as the dioxide; it would neither give rise to oxalic 
acid with water nor form hydrogen peroxide with dilute acids. The formula suggested for 
this surface oxide is also that proposed by Shilov (Z. physikal. Chem., 1930, 148, 233) for 
his basic oxide B, which he believed to be present on normal active charcoal. There is 
no reason for supposing it to be absent from the undried charcoal, which must, however, 
also contain oxygen linked in one of the other ways indicated, which can give rise to the 
peroxide. 

For the formation of the compound suggested above, a complete dissociation of the 
oxygen molecule will have to take place, and only the most active spots of the charcoal 
will be expected to be able to cause this. In the normal, undried charcoal it is possible that 
these active centres are occupied by a small proportion of water vapour held irreversibly. 
The normal energy of dissociation of HO —> H + OH is 111 kg.-cals., corresponding to 
162 kg.-cals. for the dissociation of the oxygen molecule into atoms; so the irreversibly 
retained water in ordinary moist charcoal may be bound to the carbon at high adsorption 
potential as H and OH. In this undried charcoal, too, at least some of the oxygen is 
adsorbed in the molecular state to form the complex which gives rise to the peroxide. 
Such oxygen would be sufficiently active to oxidise C-H or C-OH groups to the carboxyl 
group, and oxalic acid would be a normal product of the reaction. The proximity of active 
oxygen of the C-O-O- type might be expected to produce carboxyl groups directly on the 
surface of the charcoal, but it was not possible to detect any oxalic acid on extraction of 
the charcoal with alcohol. With an excess of water, however, the carboxyl groups are 
washed off the surface as oxalic acid, or, if the carboxyl groups are not already formed, the 
active group is brought into intimate contact with the adsorbed hydrogen and hydroxyl 
groups, and oxidation thus effected. 

In the dry charcoal, on the other hand, there is no adsorbed moisture, the active centres 
of the carbon being occupied by doubly bound oxygen atoms. The function of the drying 
in inhibiting the formation of the more loosely bound oxygen complex having the peroxide 
structure and producing carbon dioxide on degassing is not at all clear and no explanation 
can be suggested at present. 
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The mechanism suggested above for the formation of oxalic acid by the oxidation of 
chemically adsorbed water seems more reasonable than the original and more obvious 
hypothesis that it is produced by the action of water on a carbon—oxygen complex, and is 
more in line with the experimental evidence. 
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7. The Energetics of Catalysis. Part II. The Poisoning Coefficients 
and Energies of Activation of Hydrogenation Processes. 


By Epwarp B. MAXTED and VICTOR STONE. 


IN a previous paper (J., 1933, 502) evidence has been brought forward for the apparent 
energetic homogeneity of the catalysing or adsorbing points in a platinum surface from the 
standpoint of the activation energy of a typical heterogeneous catalytic reaction proceeding 
at the surface, the activation energy being apparently equal throughout the range of 
individual surface elements concerned in the catalysis. The result is of considerable 
interest in connexion with the analysis of the energy distribution within the surface of a 
catalyst and in relation to the broad question of the true energetic homogeneity or other- 
wise of such catalytic surfaces, whether or not any actual heterogeneity be regarded as 
inherent in peak areas (Taylor, Proc. Roy. Soc., A, 1925, 108, 107) or in crystal edges or 
other discontinuities, as discussed by Schwab, Pietsch, and others (Z. physitkal. Chem., 
B, 1928, 1, 385; 1929, 2, 262; 5,1; 1931, 12, 427) in various papers on adlineation. 

Since, however, the energy of activation is a function not only of the catalyst but also 
of the reaction itself, it has been considered of interest to examine the question of the 
effective homogeneity of a platinum surface from another standpoint, viz., that of the 
apparent possibility of reducing the activity, by poisoning, to stages at which the surface 
remains active for certain more easily catalysed reactions, while it loses, by virtue of this 
partial poisoning, its power of catalysing other more difficult processes. Vavon and 
Husson (Compt. rend., 1922, 175, 277) found that platinum, on being progressively 
poisoned, lost in succession its power of reducing a ketone (such as acetophenone), then 
nitrobenzene, and finally, benzene. Heterogeneity among the potential catalysing points 
is therefore undoubtedly indicated. 

In reviewing the series of substances examined by Vavon and Husson, it is noteworthy 
that benzene, the hydrogenation of which is relatively difficult, should proceed with a 
catalyst which would not hydrogenate the usually easily reducible nitrobenzene. It 
appeared, therefore, that the effect of progressive poisoning on the suppression of the 
activity of a catalyst for reactions of different degrees of difficulty required further study, 
particularly with reactants which were free from any original inhibitant; for, if the 
substances themselves contained traces of poisons, the amount of added poison necessary 
for the suppression of the activity of the catalyst for the hydrogenation of the particular 
reactant would not represent the true poison content of the system. Further, the absolute 
suppression of activity is of rather indefinite qualitative meaning: the activity of a 
catalyst, in the presence of an increasing concentration of an inhibitant, decreases 
gradually; and the final stages which correspond with complete disappearance of 
catalysing power cover a relatively large range of poison concentration—as far as the 
bulk concentration of the poison in the system is concerned—and only end at a stage of 
poisoning the position of which is difficult to determine experimentally. 

In the work now to be described, three unsaturated compounds, of well-defined degrees 
of difficulty of hydrogenation, have been taken for examination from the above standpoint. 
These were crotonic, oleic, and benzoic acids. The lower ethylenic acids, such as acrylic 
or crotonic acid, are readily reduced even by nascent hydrogen, while higher acids of the 
same series, ¢.g., oleic acid, are not attacked by hydrogen in this form: indeed, much of 
the technical significance of catalytic hydrogenation has lain in the fact that it afforded a 
ready means of saturation of these higher and less reducible acids. The benzene ring is 
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hydrogenated with still greater difficulty than ethylenic linkages, even when these are 
contained in a relatively long chain: for instance, many cases are known in which the 
ethylenic linkages in a side chain attached to an aromatic nucleus are saturated far more 
readily than the nucleus, or in which, if an ethylenic linkage is to be saturated with 
hydrogen, a less active catalyst may be employed than is required for the hydrogenation 
of benzenoid bonds. Each of these compounds, moreover, is readily prepared in a state 
of purity, free from catalyst poisons. 

It was found that the amount of poison necessary to reduce the activity of a standard 
platinum catalyst to a given fraction of its original activity was the same for each of these 
substances, instead of differing from one to another, as in Vavon and Husson’s work and 
as would be expected if the catalytic surface were heterogeneous in the sense that it 
consisted of elements of different effective catalytic activity. It should be pointed out, 
however, that all the linkages examined, although differing in difficulty of saturation, 
consisted of a carbon-carbon ethylenic or benzenoid bond; and the poisoning coefficients 
for the hydrogenation of ketonic and other groups containing oxygen are being discussed 
in a separate paper. , 

It has been considered of interest, further, to develop the rather indefinite conception 
of relative ease of reduction on the basis of quantitative energetics. The activation 
energies required for the hydrogenation of crotonic, oleic, and benzoic acids, in the presence 
of the same catalyst, were found to vary in the expected sequence, viz., to be least for 
crotonic and greatest for benzoic acid; indeed, ease of reduction appears, at any rate 
in the above series, to correspond largely with the limitation of reaction velocity imposed 
by the value of the activation energy required, although the degree of activity of a 
catalyst as a whole may determine whether or not a given reaction proceeds with a 
measurable velocity at all. 

EXPERIMENTAL. 


The standard platinum catalyst employed throughout the investigation was prepared from 
platinum oxide, made by the fusion of chloroplatinic acid with pure sodium nitrate according 
to the method of Voorhees and Adams (J. Amer. Chem. Soc., 1922, 44, 1397). This oxide was 
suspended in pure stearic acid, from which traces of inhibitants and of unsaturated impurities 
had been removed by previous treatment with hydrogen in the presence of a large excess of 
platinum, and reduced with hydrogen at 100°. When cooled and powdered, the standard 
suspension of platinum in stearic acid, thus obtained, formed a convenient source of platinum 
of constant activity. 

The specimens of crotonic, oleic, and benzoic acid were carefully purified, and were sufficiently 
free from impurities to give a zero-order reaction curve (Armstrong and Hilditch, Proc. Roy. 
Soc., A, 1919, 96, 137; 1920, 98, 27; 1921, 99, 490). For poisoning, a standard solution of 
mercuric chloride in glacial acetic acid, usually corresponding to 0-025 mg. of mercury per c.c., 
was employed. Glacial acetic acid, taken from the same stock throughout, was used as a 
common solvent for the various substances treated. 

The hydrogenation was carried out at atmospheric pressure, in a closed pipette immersed 
in a thermostat at 40° and attached to a shaker, the absorption of hydrogen being followed by 
a measuring system of the type previously described (Trans, Faraday Soc., 1917, 13, 36). 
Each charge consisted of 3 c.c. of oleic acid, or of an equivalent quantity of benzoic or crotonic 
acid, made up to 10 c.c. with glacial acetic acid containing the required quantity of poison. 
The standard weight of catalyst used was 0-1 g. of the stearic acid suspension of platinum, 
corresponding with 6 mg. of metal. 

The effect of progressive poisoning on the activity of the same quantity of platinum for 
the hydrogenation of the three compounds studied is summarised in Table I. It has been 
shown in previous work (J., 1921, 119, 225; 1922, 121, 1760) that the effective activity of a 
platinum catalyst, measured by the rate of the reaction, decreases linearly with an increase in 
the bulk concentration of the poison up to a region of inflexion, which probably corresponds with 
that at which the adsorbed concentration is no longer proportional to the bulk concentration 
of mercury ions (J., 1925, 127, 73). If this effect of the poison up to the point of inflexion be 
represented by an expression of the type k, = Ay(1 — ac), in which &, is the zero-order velocity 
constant for the unpoisoned catalyst and k, the velocity constant, also of zero order, for the 
catalyst in the presence of a concentration, c, of the poison, then « is a coefficient which 
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represents the specific effect of each unit of poison and may be termed the poisoning coefficient. 
This coefficient should, if a linear graph is followed, be constant for any one reactant. 
Further, if « should be found to possess the same value for each of the reactions studied, in 
spite of their widely differing activation energies (as will be discussed later), the relative decrease 
in the activity of the catalyst caused by a given concentration of poison will be the same for 
each of the reactions, instead of differing with the substance hydrogenated. In view of the 
above, the approximate constancy of the poisoning coefficient even with a change in the 
substance reduced is of considerable interest. 


TABLE I. 
Poison content k, Poison content k, 
of system, mg. c.c. H, of system, mg. c.c. H, 
Acid. Hg. per min. , Acid. Hg. per min. 
Crotonic 0 13°5 Oleic 
0°05 
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* The region of inflexion occurs after the points denoted thus. 


If the activity of the catalyst in each of the three cases be plotted against the poison content, 
graphs of the type previously found are obtained; and the initial linear portions of each of 
these graphs prior to the point of inflexion all, when produced, intersect the poison con- 
centration axis at approximately the same point, this concurrence being a necessary con- 
sequence of the equality of the poisoning coefficients. 

Although the results indicate that the same concentration of poison has the same pro- 
portionate effect on the activity of the catalyst for each of the three reactions, yet it should be 
noted that any apparent homogeneity of the platinum surface elements concerned which 
may be suggested by this is not incompatible with Schwab and Pietsch’s views on adlineation, 
since the adsorbing elements in crystal edges or in similar linear structures may be regarded 
as energetically homogeneous among themselves, although differing from adsorbing elements 
in non-linear portions of the crystal lattice. It is not possible by the present method to trace 
the effect of poisoning beyond the point of inflexion of the poisoning graph; but the con- 
currence of the linear poisoning graphs, for the various reactions, at the same point on the 
poison axis may probably be taken to indicate also that the same range of adsorbing points on 
the catalysing or adsorbing surface is concerned in all three processes. This, again, is not 
inconsistent with adlineation. 

A further matter which has been investigated in connexion with the above three hydrogen- 
ation reactions consists in an attempt to correlate the not very definite conception of relative 
ease of reduction with the value of the activation energy. To this end, the temperature 
coefficients for the hydrogenation of the three acids were determined under standard conditions 
which were approximately the same as those used for the poisoning work. The relative 
velocities of the zero-order reaction, expressed, as before, in c.c. of hydrogen per minute, at 20°, 
40°, and 60°, together with the mean apparent activation energies between the temperatures 
specified by subscripts, are given in Table II. 


TABLE II, 
Mean apparent activation energies, cals. 





e. —— 
Acid. 20° Rye. Reor- Exn—s°- Ego—sor. Exo—¢0°- 
11°3 14°8 3,400 2,800 3,100 
7°25 10°8 5,100 4,100 4,600 
0°65 1-50 i0,700 8,600 9,700 


The values obtained for these apparent heats of activation are low for a chemical reaction 
and are probably composite; but it may be noted that Pease and Purdum (/. Amer. Chem. 
Soc., 1925, 47, 1441) calculated a value of similar order, viz., 10,000 cals., for the activation 
energy in the hydrogenation of gaseous benzene on copper. It will be seen that the activation 
energies increase with the degree of difficulty associated experimentally with the hydrogenation. 
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In view of the inability of catalysts of low activity to hydrogenate the benzene ring at all, or 
at any rate with measurable velocity, certain properties inherent specifically in the catalyst 
itself are apparently necessary for the inception of activation; but, from the standpoint of the 
catalytic process as a whole, rather than from that of the activating properties of the catalyst 
per se, ease of reduction is apparently synonymous with the relative reaction velocity imposed 
by the value of the activation energy. 
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8. The Electric Dipole Moments of Nitromesitylene and of the 
Bimolecular Forms of Nitrosomesitylene and 2-Nitroso-2 : 5-dimethyl- 
hexane. 


By Datzret Lit. HAmMmick, RANDAL G. A. NEw, and R. BRANSTON WILLIAMS. 


THE structure of the -N,O,- complex in the bimolecular forms of nitroso-compounds has 
been discussed in recent communications (Hammick, J., 1931, 3105; Hammick, New, 
and Sutton, J., 1932, 742), the conclusion being reached that the properties of the poly- 
merides are best represented by the structural formula (I). 

It was pointed out that additional support would be given to this structure if it could 
be shown that the bimolecular form has the finite dipole moment that the structure re- 
quires. Unfortunately, it is not possible to find a suitable bisnitroso-compound that can 
be dissolved without dissociation. We have, however, been able to arrive at a knowledge 
of the dipole moment of the —N,O,— complex in the bimolecular forms in two ways. 
In the first we have obtained the necessary data from measurements on solutions of nitroso- 
mesitylene in benzene, in which the proportions of single and double molecules at various 
temperatures are known (Ingold and Piggott, J., 1924, 125, 165). In order to allow for 
the presence of the single molecules, the moment of unimolecular nitrosomesitylene must 
be known. It cannot be assumed to be the same as that of nitrosobenzene owing to the 
effects that ortho-substituents are known to exert on the dipole moment of a group attached 
to the benzene nucleus (Hampson and Sutton, Proc. Roy. Soc., 1933, A, 140, 564). We 
have therefore determined the moment of nitromesitylene in benzene solution (u = 3°67 + 
0-01 *) and compared it with that of nitrobenzene (u = 3-94). Assuming that the ortho- 
methyl groups affect the nitroso-group to the same extent as they do the nitro-group, 
we have calculated polarisations for unimolecular nitrosomesitylene. Making use 
of these values, we find the following values for the dipole moment of bimolecular 
nitrosomesitylene : 1-37 + 0-13 at 8° and 1-63 + 0-10 at 25°. 

A second value for the moment of the dimeric form was obtained from experiments 
on solutions of 2-nitroso-2 : 5-dimethylhexane in carbon tetrachloride. This compound 
dissolves in the cold to give a colourless solution of the bimolecular form which slowly 
depolymerises. By making determinations of dielectric constant at successive intervals 
of time and extrapolating to zero time, we have found the value p = 0-99 + 0-10. 

The mean value for the dipole moment is lower than might have been expected from 
the wide separation of charge that is implied in the structure (I). It is probable, however, 
that resonance of the type suggested by Pauling would occur in such a molecule, valency 
rearrangement unaccompanied by any atomic migration taking place in less time than 
that required to orient the molecule in the electric field : 
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The molecule would then have a small moment analogous to that possessed by ethylene 
dichloride (u = 1-1—1-4) and by -phenylenediamine (u = 1-5), due to rotation about 


* This and all subsequent dipole moments are in Debye units, e.s.u. x 10-¥. 
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the central N-N link out of the trans-position which the molecule would tend to assume 
owing to the repulsion of similar dipoles. 

Of the three structures for the bisnitroso-group hitherto discussed (Hammick, New, 
and Sutton, Joc. cit.), viz., (I), (II), and (III), (II) was considered to be inadmissible on 
the chemical evidence, and (III) suggests too stable a molecule. It is reasonable to sup- 
pose, moreover, that in a dissociating system the stabler ¢vans-form would predominate 
in solution, as is found to be the case for the azo-compounds (Bergmann, Engel, and Sandor, 
Ber., 1930, 63, 2572). The fact that the structure has a finite dipole moment therefore 
rules out (III). Structure (I) therefore remains as the best representation of the chemical 
properties of bisnitroso-molecules (instability, 0,p-orienting effect, etc.; cf. Hammick, 
Sutton, and New, Joc. cit.). 

EXPERIMENTAL. 


Preparation of Materials.—The solvents benzene and carbon tetrachloride were carefully 
purified and were distilled from phosphorus pentachloride in a current of dry air just before 
use. 

Nitromesitylene was prepared by the direct nitration of mesitylene; m. p. 43-5°. 

Nitrosomesitylene was prepared by the oxidation of mesidine with Caro’s acid. The use 
of a large excess of the oxidising agent gave a better yield of a cleaner product than when the 
ordinary procedure was followed. 290 G. of ammonium persulphate were added to 235 c.c. 
of concentrated sulphuric acid, cooled to 0°, and the mixture stirred mechanically for an hour 
at that temperature. It was then poured on to a mixture of 2 kg. of ice and 2 litres of water, 
neutralised with solid sodium carbonate, and filtered. The filtrate was divided into three 
parts, to each of which 5 g. of mesidine were added in small portions. After each addition 
the mixture was well shaken, sodium hydroxide solution added to keep the solution definitely 
alkaline, and the solid nitrosomesitylene filtered off. The combined solid products were washed 
with water and finally a little ice-cold alcohol. Two recrystallisations from alcohol at 60° 
(higher temperatures caused decomposition) gave a product of m. p. 122-5°. 

2-Nitroso-2 : 5-dimethylhexane was prepared as described by Hammick, New, and Sutton 
(loc. cit.). 

Determination of Electric Dipole Moments.—The method and apparatus described by Sutton 
(Proc. Roy. Soc., 1931, A, 183, 668) were used. 

Nitromesitylene. The results of the measurements, at 25° in benzene solution, are in Table I, 
where the symbois have their usual significance; the refractive index relates to the mercury 
green line 5461. To minimise errors in the densities, the experimental values were plotted 
against f, and the values used in the calculations obtained from the mean line. 


TABLE I. 


if. ad. €. n?. P;. Pr 
0-00595 0°8959 2-38664 2-25766 320-94 46°94 
0-01058 0°8775 2°47472 2°25805 31551 46°80 
0°01735 0°8797 2-60292 2°25882 308°47 46-96 
0°01977 0°8806 2°65057 2°25902 307°23 46°86 


By extrapolation, P, = 326-5c.c.and,.P, = 46-9c.c. at infinite dilution, whence » = 3-67 + 
0-01. 
Numerous determinations of the dipole moment and electron polarisation of nitrobenzene 
in benzene are to be found in the literature. Using the same apparatus as ourselves, Mr. H. O. 
Jenkins of this laboratory has obtained the values p = 3-94 and _ P, = 32-6 c.c. (unpublished 
results). Taking these values and assuming that, for a given temperature, 
«»f (unimolecular nitrosobenzene) — ,P (unimolecular nitrosomesitylene) = ,P (nitro- 
benzene) — ,P (nitromesitylene) 
for both total and electron polarisations at infinite dilution, we have calculated the following 
polarisations at infinite dilution for unimolecular nitrosomesitylene : 
Temp. ot. th ata Ct. 
80° 223°6 46°1 
25°0 213°5 46°1 


The values taken for nitrosobenzene throughout were p = 3-18 (Hammick, New, and Sutton, 
loc. cit.). 
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Nitrosomesitylene, in benzene at 8° and at 25°. The molar fractions of double and single 
molecules are given under f, and f,; in Table II and were obtained from the data provided by 
Ingold and Piggott (loc. cit.); dissociation constants for the bimolecular form were found to 
be 0-00150 at 8° and 0-00596 at 25°, compositions being expressed as molar fractions. Col. 5 
gives P,f, + P3f;, the fraction of the total polarisations due to the single and double molecules 
taken together. As we wish to find P,, the polarisation for the bimolecular form, we have 
to know P3, that of the single molecule. This has been calculated from the foregoing data at 
infinite dilution, the polarisation being assumed to vary with concentration in the same way 
as that of nitrosobenzene. 

TABLE II. 


;% t; dy. e. Pafa + Pole P;. P,. 
Ist Series, at 8°. 
0°00795 0°00345 0°8985 2°37174 170286 222°3 117°7 
0°00507 0°00276 0°8961 2°35613 1°22353 222°6 120°3 
0°00326 0-00221 0°8946 2°34568 0°91122 222°8 128°3 
0°00212 0°00178 0°8937 2°33685 0°67498 222°9 131°4 
2nd Series, at 8°. 
0°00803 0°00347 0°8981 2°37322 1°74483 222°3 121-2 
0°00691 0°00322 0°8972 2°36785 1:57040 222°4 123°7 
0°00279 0°00205 0°8940 2°34264 0°83082 222-9 134°3 
0°00179 0°00164 0°8932 2°33548 0°63008 223-0 147°2 
3rd Series, at 25°. 
0:00782 0-00663 0°8810 2°3803 2-444 211-2 133°4 
0°00519 0°00541 0°8790 2°3596 1879 211°5 141°5 
0°00330 0°00431 0°8775 2°3406 1°398 211°9 147°0 
0:00259 0°00381 0°8769 2°3328 1-192 212-2 148°3 


The first two sets of values for P, give, when plotted against f,, the polarisations 137-4 c.c. 
and 141-2 c.c. respectively at infinite dilution. The mean value, 139-3 c.c., has been used to 
calculate the dipole moment of bimolecular nitrosomesitylene at 8°. 

The densities and refractive indices at 25° used in calculating the total electron polarisation 
eP, + -P; for the two solutes (single and double molecules) are given in Table III. The value 
of -P;, the electron polarisation of the unimolecular form, has been taken as 46-1 c.c. (see above) 
in all cases, the electron polarisation—molar fraction curve for nitrosobenzene, and hence, it 
is assumed, for nitrosomesitylene also, being a horizontal straight line. 


TABLE III. 


£. ;* &. n?, Pty + oP jy: lw 
000661 0-00628. 08805 2°26466 0°89934 92-2 
0-00654 0-00624 0°8809 2-29624 0°90065 93°7 
000561 0-00578 0°8795 2-26406 079536 94-2 
0-00400 0-00488 0°8785 2°26341 0°60803 95°8 
000206 0-00350 0°8762 2°25978 0°35965 96-2 


eP, plotted against f, extrapolates to 98-6 c.c. Using this value for the electron polarisation 
together with the values for the total polarisations at 8° and 25°, we obtain pg = 1:37 + 0-13 
and uss = 1-63 + 0-09. 

The degrees of accuracy assigned to the above values for the dipole moment depend mainly 
upon the uncertainty in the extrapolated values at infinite dilution, errors in the other data, 
including the dissociation constant, being negligible in comparison. It will be seen that the 
values at the two temperatures agree practically to within the limits of experimental error. 

2-Nitroso-2 : 5-dimethylhexane. Determinations of dielectric constants in carbon tetra- 
chloride solution were carried out at 0° in order to keep the rate of dissociation of the bimole- 
cular form as low as possible. Solutions were made up with solvent at 0° and introduced 
rapidly into the condenser. Readings on the balancing variable condenser were taken at 
intervals over about 2 hours. These readings, when plotted against time, lay on a straight 
line, which, when extrapolated to zero time, gave the values shown in Table IV for the dielectric 
constants e and total polarisations P, for the molar fraction f, of solute. The electron polaris- 
ations for the unimolecular form were obtained from refractive indices of carbon tetrachloride 
solutions at 25°, equilibrium in such solutions being known (Piloty and Ruff, Ber., 1898, 31, 
456) to correspond to almost complete dissociation. Refractivities of solutions of the colour- 
less bimolecular form could not be determined at temperatures sufficiently low for the method 
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of extrapolation to zero time to be applied, and the electron polarisation of the bimolecular 
form has therefore been taken as twice that of the unimolecular. 


TABLE IV. 


‘ d\. €. P,, c.c. ; * &. n?. Pr», C.C. 
0:00178 1°6288 2°27486 106°8 000356 1-5802 2-13188 43°5 
000194 1°6284 2°27583 113-6 0-00560 1°5773 2°13144 44°1 
000281 1:6263 227573 107°2 

000334 1°6250 2°27599 106°5 

000412 16231 2°27823 112°7 


The mean of the above values of P,, viz., 109-4 c.c., has been taken as the value at infinite 
dilution. This is justifiable because the total polarisation—molar fraction curve will be almost 
parallel to the molar fraction axis since the substance has a small moment. The mean value 
43-8 c.c. for -P, was taken as the refractivity of the unimolecular form at infinite dilution, and 
that of the bimolecular form as 87-6 c.c. Hence we find u = 0-99 + 0-10 for 2-nitroso-2 : 5- 
dimethylhexane. 

The experimental errors and the errors involved in the various assumptions made are not 
inconsiderable. The fact, however, definitely emerges that the moment of the ~N,O,- complex 
in the bisnitroso-compounds is finite and of the order 1—1-5. . 


SUMMARY. 


The electric dipole moments of bimolecular nitrosomesitylene and 2-nitroso-2 : 5- 
dimethylhexane have been found to be finite, which is evidence in support of the structure 
R—N->N—R for the bimolecular forms. 


Y 
O O 
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9. The Parachors of Some Substituted Methanes. 
By Datziret Lit. HAMMicK and HAROLD F. WILMUT. 


THE usefulness of the parachor is due to the fact that Sugden’s atomic and structural 
constants are in general additive as such to within the limits claimed (+ 1—2%). It is 
true that a specific constant of — 3-2 is necessary to produce agreement between observ- 
ation and calculation in the case of esters and it has been suggested that the gem-dimethyl 
group is also to be given a specific parachor value (Sugden, “ Parachor and Valency,” 
p. 43). Such specific constants are not a serious disadvantage to the system, seeing that 
they are limited in number and approximately invariant in value. A study of the data, 
however, shows that there is a certain amount of negative parachor anomaly of a variable 
kind unassociated with any particular structure. All that can be said about it is that 
it appears to be connected with the accumulation of certain negative atoms and groups in 
the molecule. Thus, for s-tetrabromoethane, P,,,. is 310-4, P.s.. being 315-8; on the 
other hand, for the s-tetrachloro-compound P,,. and P.)., are 260-5 and 261-0 respec- 
tively. Again, P,,,. for chloropicrin is 236-8, as against P.aj., = 241-8. On the system 
of atomic and structural parachor constants adopted by Mumford and Phillips (J., 1929, 
2118) this effect of negative substituents is very apparent and these authors have sought 
to express it in terms of certain ‘‘ strain constants.” 

It may be expected that the phenomenon will reveal itself in its simplest form among 
the substituted methanes, and we have therefore sought to supplement the existing data 
by determinations of the parachors of tetranitromethane, nitroform, and carbon 
tetrabromide. 

The necessary data for the computation of the parachor of triphenylmethane are given 
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by Przyluska (J. Chim. physique, 1909, 7, 518). His results yield the mean parachor 578, 
the extreme values being 580-2 at 108-7° and 577-3 at 278-7°._ The value calculated from 
Sugden’s constants is 591-9, the anomaly being — 13-9. 

Two sets of data are available for the evaluation of the parachor of diphenylmethane. 
Morgan and Daghlein (J. Amer. Chem. Soc., 1911, 33, 657) give densities and surface 
tensions that yield the value P,, = 419-0 (P.,. = 419-0). The data of Harkins and 
Ewing (tbid., 1919, 41, 1977) give P,,. = 414-5, indicating an anomaly of — 4-5. In 
view of this discrepancy between the two sets of results, we have redetermined the parachor 
of diphenylmethane and have obtained the value P,,, = 419-6. 


EXPERIMENTAL. 


Surface tensions were determined by the “ bubble pressure’’ method of Sugden, the 
apparatus being standardised with pure benzene. Densities were found either with a 
standardised dilatometer or, in the case of solutions, with a 10 c.c. specific gravity bottle. 

It was not possible to keep carbon tetrabromide molten for any length of time without 
decomposition. The method of Hammick and Andrew (J., 1929, 764) for the determination 
of the parachors of substances in solution was therefore used, the surface tensions and densities 
of solutions of carbon tetrabromide in carbon tetrachloride being measured at 25°. A value 
for the parachor of tetranitromethane in benzene solution was also obtained. 

The materials used were prepared by standard methods and carefully purified. 

In the tables, y is given in dynes/cm, 


Determinations with molien substances, 
TABLE I. 

Tetranitromethane, m. p. 13°5°. Diphenylmethane, m. p. 26°0°. 
Temp. dy. y- Pone.: Temp. dy. y: Pine. 
20°0° 1-638 30°47 281-1 29-9° 0°997 38°8 420°5 
25°0 1-629 29°44 280-2 40:1 0°990 36°95 418°4 
30°0 1-620 28°98 280°7 50°0 0-982 36°28 419°8 
35°0 1-614 28°74 281°2 60-0 0-976 | 35°42 419°8 
50°0 1-584 26°45 280°6 

Mean Pores, = 280°8; Peatc. = 301°2. Mean Pops, = 419°6; Preatc, = 419°0. 


Nitroform, m. p. 15°0°. 
20°0 1-479 33°98 246°5 25-0 1-469 33°6 247°5 
Mean Pops, = 247°0; Pratc. = 244°2. 


Attempts to maintain liquid nitroform at temperatures above 25° led to decomposition. 

Determinations in solution at 25-0°. In Table II, x is the molar fraction of solute, M,, the 
mean molecular weight of the solution, P,, the mean parachor, and P, the parachor of the 
solute (cf. Hammick and Andrew, Joc. cit.). 


TABLE II. 


Carbon tetrabromide in carbon tetrachloride 
at 25°0°. Tetranitromethane in benzene at 25:0°. 
de. y- Ms, Me P,. . d;. y. a P,. 
1-5850 26°00 153°8 219-1 — i 0°8737 28°23 78°05 206-0 — 
1-834 27°99 179°4 225°0 260-2 ‘ 1:169 27°49 117°95 231-1 280-4 
1839 28°32 191-1 22773 258°0 ‘ 1-302 27°70 138°0 243-2 279-1 
2079 29°65 2062 231°4 260°9 , 1-419 28:19 157° 255°8 280-0 
2-208 30°79 220°5 235°3 262-1 , 1540 28°92 179°0 2696 280°3 
2-281 30°86 2286 2362 259°5 
Mean P, = 260°1; Prat, = 276°8. Mean P, = 280°0; Parc. = 301-2. 


DISCUSSION OF RESULTs. 


The results obtained are included in Table III. It will be seen that complete 
substitution of chlorine into methane produces no appreciable parachor anomaly AP. 
Bromine atoms and the nitro-group also have little effect until the fourth hydrogen atom 

D 
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TABLE III. 
CH,R,. CHR,. CR,. 
Pre, Peaic.: AP. y Preatc.: AP. Pee, Preaic. aP. 
R= Cl 147°6 147°6 0-0 183°2 184°8 (— 1°6) 219°6 222°0 (— 2°4) 
R= Br -- -- _- 221-9 225°9 (— 4:0) 260°1 276°8 —16°7 
R = NO, — --- _- 247°0 244-2 (2°8) 280°4 301-2 —20°8 
R=C,H, 4196 4190  (0°6) 5780 5919 —13-9 — =e ~— 


is replaced, whereupon a very marked negative anomaly appears (— 16-7 and — 20-8 
respectively). With the phenyl group, however, the considerable anomaly of — 13-9 
appears when only three of the methane hydrogens have been replaced. 

It is not possible at this stage to offer any explanation of these anomalies, though it 
may be noted that the effect appears to be connected in some way with the size of the 
substituting atom or group. The existence of the effect in the above cases does, however, 
raise some doubt as to the correctness of Sugden’s formulation of the structures of sulphonal, 
CMe,(SO,Et),, and trional, CMeEt(SO,Et),, for which the parachor anomalies are — 11-7 
and — 22-4 respectively (Freiman and Sugden, J., 1928, 263). Until it can be shown that 
these anomalies are not further examples of the effect of group accumulation a cautious 
attitude towards cyclic structures involving singlet linkages seems justified. 

The system of parachor constants set up by Mumford and Phillips (/oc. cit.) is no more 
successful than Sugden’s in accounting for the parachors of the substances we have 
investigated. Using their constants, we should expect P,,,, = 271-7 for carbon tetra- 
bromide. In computing this value we have taken the strain constant for the bromine 
atom as — 1-5 x 9 (Mumford and Phillips, loc. cit., p. 2118); P.,. being 260-1, we have 
an anomaly of — 11-6. Again, from the observed parachor of nitroform, 247-0, we have 
computed the strain constant « as — 7-1 for the three nitro-groups. Taking o for four 
groups as — 1-5 x 7:1, we get Pay, = 303-5, the anomaly being — 16-9. The calculated 
values for diphenylmethane, with no strain constant, is 418-4 (P,,. = 419-6). Even if 
we assume that here we really have a strain constant sc = — 3 and adopt « = — 6 for 
triphenylmethane, we get P.j., for triphenylmethane as 586-4, against 578-0 observed. 


SUMMARY. 


Parachors have been determined for nitroform (247-0), tetranitromethane (280-4), 
carbon tetrabromide (260-1), and diphenylmethane (419-6); that of triphenylmethane 
has been evaluated from existing data. Negative anomalies have been found for tetra- 
nitromethane (— 20-8), carbon tetrabromide (— 16-7), and triphenylmethane (— 13-9). 
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10. Iridium Hydroxopentammines. 
| By Bertram E. Drxon. 


Irtp1UM forms a series of ammines derived from its trichloride which are extremely stable 
and are similar in many respects to the platinic ammines. Attempts now made to form 
amino-compounds, as in the case of platinum, by the action of alkalis, e.g., silver 
oxide (Dixon, J., 1932, 2948), ammonia (Tschugaev, Z. anorg. Chem., 1924, 187, 401), or 
sodium hydroxide, on iridium chloropentammines have, however, failed. 

By the action of silver oxide on chloropentamminoiridium chloride, Palmaer 
(ibid., 1895, 10, 320) obtained a yellow, strongly alkaline solution, which absorbed carbon 
dioxide from the atmosphere. From this solution has now been isolated the compound 
[Ir(NH,),Cl](OH),H,O, which appears to be more stable than any other simple ammine 
hydroxide yet described. The light buff crystals do not deliquesce on exposure to the 
atmosphere, but absorb carbon dioxide slowly. The molecule of water of crystallisation 
is expelled with extreme difficulty at 140° under reduced pressure without altering the 
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chemical properties of the compound, and further dehydration is effected only at much 
higher temperatures with disruption of the molecule. This extraordinary stability of 
the hydroxide groups shows that there is no tendency towards amino-formation by scission 
in the chloropentammine molecule. 

From the solution obtained by dissolving acidopentamminoiridium salts in hot caustic 
potash, Palmaer (loc. cit.) separated aquopentammine salts by treatment with cold acids. 
By the action of concentrated ammonia on the aquopentammine salts, a new series of 
hydroxopentamminoiridium salts, (Ir(NH3);(OH)]X,, has now been prepared; these form 
well-defined, colourless crystals, easily soluble in water. In the dry state they approach 
in stability the corresponding platinum compounds (Tschugaev, Z. anorg. Chem., 1924, 
137, 1), but differ from them by their readiness to combine in solution with one equivalent 
of acid to form aquo-compounds. The chloride contains a molecule of water of crystallis- 
ation, expelled only by heating to 135° for several hours; this tenacity of water is not 
uncommon amongst iridium ammines (cf. Palmaer, 7bid., 1897, 18, 211; Werner and 
de Vries, Annalen, 1909, 364, 117; Delépine, Z. physikal. Chem., 1927, 130, 227; and 
the chloropentammine hydroxide just described). The hydroxopentammines of iridium are 
rather stronger bases than those of cobalt (Werner, Ber., 1907, 40, 4098), and much stronger 
than those of chromium (King, J., 1925, 127, 2100). They are strongly alkaline to litmus, 
liberate ammonia in the cold from ammonium salts, and partially precipitate silver 
hydroxide from silver nitrate. In their behaviour towards Palmaer’s specific reagents 
for the iridium chloropentammine, aquopentammine, and hexammine series, the hydroxo- 
pentammines are distinctive, but resemble the pentammine rather than the hexammine 
type. 

The alternative formule [Ir(NH;);H,O](OH)X, and [Ir(NH3),(NH,)H,O]X, would 
also satisfy the titration values and the analysis (of the chloride). The substances obtained 
are not basic aquo-salts, since (a) the nitrate is anhydrous, (6) no change in properties 
is observed on heating to 100°, at which temperature an aquo-salt would be decomposed, 
and (c) their behaviour towards sodium pyrophosphate, potassium ferricyanide, etc., is 
quite different from that of aquo-salts. The last two reasons also furnish evidence against 
the formation of an aminoaquo-compound. Further, the evidence advanced earlier 
(see above) against the likelihood of amino-formation by scission also holds here, and the 
stability of the substance obtained does not accord with the presence of an amino-group 
and an aquo-group within the same complex. 

By the isolation of the hydroxopentamminoiridium salts, iridium is shown to fall 
into line with those elements, e.g., cobalt and chromium, which form the two well-defined and 
readily interconvertible series hydroxo = aquo, and to differ in this respect from platinum, 
whose amino — ammino series show a parallel behaviour towards acids and alkalis. 


EXPERIMENTAL. 


Titration values are expressed as percentage weight of hydrogen chloride required by the 
titrated substance. 

Chloropentamminoiridium Hydroxide.—The chloride was rubbed in a mortar with an excess 
of freshly precipitated silver oxide and a little water, contact with carbon dioxide being 
avoided as much as possible. The filtrate was evaporated over phosphoric oxide in a vacuum 
desiccator. The yellowish liquid yielded a light buff residue, mostly amorphous, but with some 
irregular prisms {Found: Ir, 53-0; N, 19-4; Cl, 9-95; CO,, trace; titration, 19-95. 
[Ir(NH,);Cl](OH),,H,O requires Ir, 52-8; N, 19-2; Cl, 9-7; titration, 19-9%}. Heated under 
reduced pressure in an Abderhalden drier at 140° for 8 hours, the substance lost 3-8% (1H,O 
requires 4-9%); it thereby suffered no appreciable change in titre or other properties, although 
a trace of brown flocculent insoluble matter was formed. The water expelled on heating in 
a tube at much higher temperatures was determined directly by collection and weighing (J., 
1931, 2312) (Found: H,O, 13-8. Required for 3H,O: 14:8%). The formation of the two 
extra water molecules is evidence that the scission of the hydroxide groups and of the hydrogen 
atoms in the complex takes place only at high temperatures and with disruption of the ammine 
molecule. A solution of the hydroxide is strongly alkaline, expels ammonia from ammonium 
salts, and precipitates silver hydroxide from silver nitrate solution. 
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Delépine (/oc. cit.) prepared the compound [Ir(C;,H,;N),(NH;),](OH)CI,,5H,O or 
[Ir(CsHN),(NH,),(NH,)]Clp,6H,O 
and regarded the amino-formula as the more probable since a solution of this substance does 
not precipitate potassium ferricyanide until the solution is acidified (with the formation of 
[Ir(C,H,N),(NH;),)Cl,). Perhaps theentry of pyridine into the complex has rendered possible the 
formation of an amino-group, but, on the other hand, (a) a salt of the hexammine type might 
not be precipitated by potassium ferricyanide in the presence of hydroxyl ions (e.g., aquo- 
pentamminoiridium salts form no precipitate with ferricyanide in the presence of a little 
ammonia), and (b) Delépine finds that the sixth molecule of water cannot be completely expelled. 

Hydroxopentamminoiridium Chloride.—4 G. of aquopentamminoiridium chloride were placed 
in a flask provided with a soda-lime guard-tube and dissolved in 30 ml. of ice-cold, freshly 
distilled, concentrated ammonia added from a dropping-funnel. The flask containing the 
clear solution was immersed in a freezing mixture, and 100 ml. of cooled alcohol added drop 
by drop. The precipitate was filtered off rapidly, redissolved in 20 ml. of ammonia, and repre- 
cipitated as before with alcohol. The crystals were collected, washed with cooled alcohol and 
ether, and dried in a desiccator {Found : Ir, 50-1; N, 18-6; Cl (total), 18-7; Cl (free), 18-6; 
titration, 9-3. [Ir(NH,),(OH)}]Cl,,H,O requires Ir, 50-3; N, 18-2; Cl (total), 18-5; Cl (free), 
18-5; titration, 9-5%}. The colourless crystals appear as minute grains, forming aggregates ; 
no change in weight occurred on exposure to the air for 48 hours. They are soluble in about 
3 parts of cold water. The solution is strongly alkaline to litmus, and can be titrated with 
methyl-orange as indicator to a sharp end-point with one equivalent of acid. The substance 
lost 2-1% in weight on being heated at 110° for 3 hours, and 4:1% at 135° for 6 hours (1H,O 
requires 4.7%); no change in titre or other properties had then occurred. The two chlorine 
atoms can be completely precipitated in the cold by silver nitrate. 

The hydroxo-salts can be distinguished from the corresponding aquo-salts by the following 
tests. On the addition of sodium pyrophosphate solution (5%) to the hydroxo-salt, no 
temporary precipitate is obtained, and only after 24 hours is a small permanent precipitate 
of hexagonal plates formed. Potassium ferricyanide solution (5%), which yields a copious 
precipitate with the aquo-salt, gives no immediate precipitate with the hydroxo-salt. After 
30 minutes there commences to form a small quantity of extremely slender yellowish-brown 
acicular crystals, which does not increase in bulk on standing; if the solution is now neutralised 
with acetic acid, the abundant aquo-salt precipitate is obtained. If the test solutions are 
boiled before the addition of the ferricyanide, the difference in behaviour is still more striking, 
since the aquo-salt precipitate is now much reduced in bulk and is not increased by the addition 
of acetic acid, whereas the behaviour of the hydroxo-salt is unaltered. The hydroxo-salt differs 
from the chloro-salt in forming no precipitate with sodium dithionate. 

A concentrated solution of the hydroxopentammine nitrate partially precipitates silver 
oxide from a solution of silver nitrate. Ammonia is immediately evolved in the cold on the 
addition of solid ammonium chloride to the concentrated hydroxopentammine solution; the 
solution can then be shown to contain aquo-salt by the addition of pyrophosphate. The 
formation of the aquo-salt is also indicated by the pyrophosphate test after the passage of 
carbon dioxide through a hydroxo-salt solution. Hydroxo-salts give a white precipitate with 
potassium ferrocyanide, but none with potassium iodide solution. 

Hydroxopentamminoiridium Nitrate-——Chloropentamminoiridium chloride was converted 
into aquopentamminoiridium nitrate by Palmaer’s method (loc. cit.). 3G. of the aquo-nitrate 
were dissolved in 30 ml. of cooled concentrated ammonia, precipitated with alcohol, and a 
second precipitation carried out as described in the preparation of the chloride {Found : Ir, 
46-0; N, 23-4; titration, 8-9. [Ir(NH,),(OH)](NO,), requires Ir, 46-1; N, 23-4; titration, 
8-7%}. The colourless microcrystalline needles forming large clusters did not lose in weight 
on being heated for 4 hours at 125°. They were easily soluble in water, and had properties 
similar to the chloride. 


The author desires to thank Sir Robert Robertson for permission to publish this paper. 
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41. Comparison of the Directive Powers of Elements having Con- 
secutive Atomic Numbers. Part VI. Examination of Further Pos- 
sible Comparative Cases, and Conclusions. 


By CATHERINE G. LE FEvRE, RAYMOND J. W. LE FEvRE, and JOHN PEARSON. 


SECTIONS (a) to (e) record results of examinations of other possible comparisons of the 
types indicated in earlier papers of this series. 

(a) 3-Phenyl-2-methyl- and 2-Phenyl-3-methyl-benzopyrylium and -N-methylquinolinium 
Salts.—With the intention of supplementing work previously reported (J., 1929, 2771; 
1930, 2236) we have studied salts of the kations (I), (II), (III), and (IV). 


o--——~ 
NMe NMe 


AX ph (oh oe /®\Me 
Me Ph \ Ph 


(I.) (II.) (III.) (IV.) 


The chloride and the ferrichloride of (I) have been obtained by treatment of 3-methyl- 
coumarin with phenylmagnesium bromide (Heilbron, Hill, and Walls, J., 1931, 1701). 
The direct interaction of salicylaldehyde and propiophenone by the method first described 
by Léwenbein and Katz (Ber., 1926, 59, 1377) for the condensation of o-hydroxy-aldehydes 
and §-ketonic esters has now been utilised to produce the perchlorate of (I) conveniently 
in one operation. 

Application of this and other standard procedures to 2-hydroxy-a-phenylstyryl methyl 
ketone (the ‘‘ 2-hydroxystyryl benzyl ketone” of Dickinson, J., 1926, 2234), however, 
did not effect ring closure to give the perchlorate of (III). This failure was unexpected, 
because Heilbron and Irving (J., 1929, 936) had reported the preparation of 3-phenyibenzo- 
8-naphthaspirvopyran by saturation of an alcoholic solution of salicylaldehyde, benzyl 
methyl ketone, and 2-naphthol-l-aldehyde with dry 
hydrogen chloride. This reaction was considered as in- ¢ 

OH 


volving the preliminary formation of Dickinson’s ketone, 
CH:CPh-CO-CH:CH, 
H 


from which 3-phenyl-2-methylbenzopyrylium chloride 
was produced, which in turn then condensed with the 
naphthol-aldehyde. Our result implies a_ slightly 
different interpretation, viz., that the 2-naphthol-l-aldehyde joined the complex at the 
second, rather than the third, stage, giving 6-o-hydroxyphenyl-a«-phenyl-§’-2-hydroxy-1- 
naphthyldivinyl ketone (annexed formula), which then underwent ring formation to the 
pyrylium salt, from which the sfivopyran, m. p. 208—209°, was obtained by treatment 
with dilute ammonia solution, etc. 

The direct condensation of phenylacetone with salicylaldehyde in ethereal hydrogen 
chloride—perchloric acid gave a salt which from its analyses appeared to be the desired 
3-phenyl-2-methylbenzopyrylium perchlorate (III). We are unable to explain the non- 
formation of an o-hydroxystyryl derivative in this reaction. It would appear (see 
Experimental) that salicylaldehyde and 2-naphthol-l-aldehyde differ considerably as 
regards the relative reactivities of their aldehydic functions; possibly chelation in the 
former molecule (Sidgwick and Callow, J., 1924, 125, 527) causes a more complete suppression 
of carbonyl activity than in the latter case. The kations (II) and (IV) were readily acces- 
sible from isatin and the appropriate ar-ketone by Pfitzinger’s general quinoline synthesis 
(J. pr. Chem., 1897, 56, 314). 

The perchlorate of (I) resembled 2-phenylbenzopyrylium perchlorate (J., 1927, 2771) 
in giving by direct nitration a single mononitro-derivative (V), whose constitution was 
established by (1) analysis and (2) synthesis as formulated from salicylaldehyde, m-nitro- 
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propiophenone (Commanducci and Pescitelli, Gazzetta, 1906, 36, ii, 789), hydrogen chloride, 
and ethereal perchloric acid : 
— ClO, 


OH 4 oc—< » HCLEtO, he, O gag 
CHO dy.Me-No, #00" on / O, 
(VI.) 


The nitration of the methopicrate of (II) was not investigated closely, because the high 
percentage of meta-nitration obtained with (I) clearly made any comparison impossible. 

Salts of (III) and (IV) were attacked by nitric acid, but a pure nitro-salt has not yet 
been isolated. 

(b) 2-p-Tolylbenzopyrylium and Corresponding Methoquinolinium Salts.—Salicylaldehyde 
and #-methylacetophenone in the presence of caustic potash solution afforded p-tolyl-2- 
hydroxystyryl ketone, from which 2-p-tolylbenzopyrylium perchlorate was obtained. This 

salt yielded a mononitro-perchlorate, which, being also obtained from salicylaldehyde and 

3-nitro-4-methylacetophenone (Errera, Gazzetta, 1891, 21, 92) by standard methods, was 
evidently (VI). Salts of the corresponding 2-p-tolyl-N-methylquinolinium kation were 
obtained from isatin and #-methylacetophenone via 2-p-tolylquinoline-4-carboxylic acid, 
which by decarboxylation produced 2-p-tolylquinoline. The methopicrate underwent 
approximate mononitration in fuming nitric acid almost certainly (compare Le Févre and 
Mathur, J., 1930, 2236) to form the m-nitro-derivative. This was not synthesised for the 
reason given above in the case of (II). 

No instances having yet been reported of direct substitution in the pyrylium nucleus 
or a benzo-ring fused thereto, the three following sets of experiments were instituted. 

(c) 2-Methylbenzopyrylium and 2-Methyl-N-methylquinolinium Salts—An_ ethereal 
solution of 2-hydroxystyryl methyl ketone (Harries, Ber., 1891, 24, 3180) containing 
hydrogen chloride and perchloric acid deposited 2-methylbenzopyrylium perchlorate, upon 
which nitric acid could not be caused to have any action except degradation. Attempts to 
prepare this pyrylium salt directly from its components gave good specimens of 2-0-hydroxy- 
styrylbenzopyrylium perchlorate (Decker and Felsner, Ber., 1908, 41, 2997, 3755), which 
rapidly underwent dinitration when dissolved in ordinary nitric acid. 

At the outset this comparison was contemplated because the necessary nitroquinaldines 
had been oriented and described (Débner and Miller, Ber., 1884, 17, 1700). 

Gerdeissen (Ber., 1889, 22, 245) performed the nitration of quinaldine by adding its 
nitrate to an excess of sulphuric acid; the products were 5- and 8-nitroquinaldine in 
the ratio of 3: 2 approximately. We find that quaternary salt formation appears to alter 
this ratio in favour of the first nitro-derivative : quinaldinium methopicrate forms the 
5-nitro-salt by nitration in yields of ca. 75% (by isolation), once again exemplifying the 
way in which a kationic substituent tends to enter an onium salt as remotely as possible 
from the positive pole (compare Drumm, Reilly, and Moore, J., 1928, 563; Le Févre, J., 
1929, 2771). 

(d) 2:3-Dimethylbenzopyrylium and 2: 3-Dimethyl-N-methylquinolinium Salts.—This 
intended comparison failed at the outset because the condensation of salicylaldehyde and 
methyl ethyl ketone could not be prevented from producing 2-o-hydroxystyryl-3-methyl- 
benzopyrylium perchlorate (compare Le Févre and Pearson, this vol., p. 1197); from 
this salt a dinitro-derivative was readily obtainable. The same hydroxystyryl salt was 
also produced from salicylaldehyde and «-methylacetoacetic ester by ethereal hydrogen 
chloride~perchloric acid treatment, showing that the ketonic, rather than the expected 
acidic, scission of the ketonic ester is effected by these strongly acidic reagents. 

(e) Benzopyrylium and N-Methylquinolinium Salts.—In view of the fact that Decker 
(Ber., 1905, 38, 1274) had examined the nitration of quinolinium methonitrate, substitution 
experiments with salts of benzopyrylium were essayed, but without success. 

Considerable oxidation always occurred when the nitration of benzopyrylium ferri- 
chloride (Decker and von Fellenberg, Annalen, 1907, 356, 297) was attempted, small 
yields only of nitrosalicylic acid being isolated. The resistance to reagents associated with 
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the 2-phenyl and other substituted benzopyrylium salts studied in this series is thus not 
exhibited by the parent substance in accordance with a priori expectations. Pyrylium 
salts manifest in solution the equilibria : salt =~ oxonium base == pyranol base == 
open-chain ketone. In the majority of cases the last-named is an aromatic ketone and not 
therefore particularly unstable towards nitric acid (especially if separate oxonium salt 
formation occurs at the carbonyl group; Baker and others, J., 1931, 307, 314; 1932, 1226, 
2917). From benzopyrylium salts, however, o-hydroxycinnamaldehyde would be produced 
and the subsequent isolation of nitrosalicylic acids, etc., can be readily understood. 

Attempted ring closure of 3- and 5-nitro-2-hydroxycinnamaldehydes (Miller and 
Kinkelin, Ber., 1897, 20, 1933) to form salts of 8- and 6-nitrobenzopyrylium respectively 
were unsuccessful, although 6-mnitro-2-phenylbenzopyrylium perchlorate was obtained from 
5-nitrosalicylaldehyde and acetophenone without difficulty. 

Conclusion.—It is now obvious that a satisfactory experimental comparison of an 
oxonium salt with an ammonium salt is impracticable. It is not proposed to continue 
this series. The following is a statement of the position reached in the present and previous 
papers. 

The meta-directive influence of oxygen in the onium condition has been demonstrated 
most clearly in the cases of 2-phenyl-, 2-phenyl-3-methyl-, and 2--tolyl-benzopyrylium 
perchlorates and 2 : 4 : 6-triphenylpyrylium perchlorate. 

The contrast between the activating effect of bivalent oxygen and the deactivating 
effect of ‘‘ quadrivalent ” oxygen was demonstrated by the observations that (a) xanthylium 
salts were not nitrated under conditions which adequately sufficed to dinitrate xanthone, 
and (b) 9-phenylxanthylium salts underwent mono-f-nitration in the 9-phenyl group only. 

Qualitative indications were that oxonium oxygen forms a stronger deactivating positive 
pole than does ammonium nitrogen (when this element is co-valently bound to a methyl 
group, as has been the case in all our experiments). 

These investigations have been of added interest because oxygen was the last atom 
whose orienting ability in the onium valency state required determination, and the results 
now summarised thus complete and support the general conclusion of Vorlainder (Ber., 
1919, 52, 262) regarding orientation by positive poles. 


EXPERIMENTAL. 


(a) 2-Phenyl-3-methylbenzopyrylium Perchlorate-—Dry hydrogen chloride was passed through 
a solution of propiophenone (1-3 g.), salicylaldehyde (1-2 g.), and perchloric acid (70%, 5c.c.) 
in ether (20 c.c.), until the mixture.was saturated at 0°. After a few days the solution had become 
a magma of crystals; these were washed with ether (yield, 2-8 g.) and recrystallised from acetic 
acid, forming orange-coloured needles, m. p. 174—177° (Found: C, 60-0; H, 4:1. C,,H,,0,Cl 
requires C, 59-9, H, 4-0%). 

Nitration. The substance was unaffected by treatment with nitric acid (d 1-42) at room 
temperature for 30 minutes. After preliminary experiments with fuming nitric acid the following 
procedure was found to yield maximum amounts of mononitro-derivative: the perchlorate 
(5 g.) was dissolved in nitric acid (d 1-5, 100 c.c.) at 0° and left for 3 minutes. The solution 
was diluted with ice to twice its volume, and an excess of perchloric acid (d 1-12) added. The 
precipitate was dried (4:3 g., m. p. 218—220°) and recrystallised from acetic acid containing 
a little perchloric acid, yellow microcrystalline plates, m. p. 239—240° (not depressed by 
admixture with the synthetic m-nitro-perchlovate below) (Found: C, 52-1; H, 3-2; N, 3-8. 
C,.H,,0,NCl requires C, 52-5; H, 3-3; N, 3-8%), being obtained. 

2-m-Nitrophenyl-3-methylbenzopyrylium Perchlorate-—A mixture of salicylaldehyde (1-2 g.), 
m-nitropropiophenone (Commanducci and Pescitelli, Gazzetta, 1906, 36, ii, 789) (1-8 g.), and 
perchloric acid (70%, 2 g.) was dissolved in dry ether (40 c.c.), and the solution saturated with 
hydrogen chloride. After 24 hours the yellow crystalline deposit was filtered off, washed with 
ether, and dried (m. p. 242—-243°). After several recrystallisations from acetic acid—perchloric 
acid aq., it had m. p. 248—249° (Found: C, 52-0; H, 3-2; N, 3-9. Calc.: C, 52-5; H, 3-3; 
N, 3-8%). 

2-Phenyl-3-methylquinoline Methopicrate.—Isatin (10 g.), water (150 c.c.), sodium hydroxide 
(30% aq., 70 c.c.), and propiophenone (10 g.) were heated under reflux for 8 hours, the excess 
of ketone then distilled in steam, and the solution diluted with water to 400 c.c. and made 
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exactly neutral by the addition of dilute hydrochloric acid. The copious white precipitate 
formed, after drying (m. p. over 300°; yield, 10 g.), was thoroughly mixed with slaked lime 
(75 g.) and distilled from an iron tube fitted with a delivery tube carrying a water jacket. The 
oily distillate, extracted in ether, was distilled in a vacuum, the fraction, b. p. 230—240°/15 mm. 
—which set to a solid on standing, m. p. 50°-—being collected. The quinoline (5-5 g.) so obtained 
was dissolved in dry benzene (10 c.c.) and refluxed for 10 minutes with methyl iodide (5 g.). 
On cooling, a yellow solid was deposited (1 g. m. p. 215°). The filtrate from this was evaporated 
until free from benzene, and the residue refluxed for 15 minutes with excess of methyl iodide. 
On cooling, a further 2 g. of methiodide were formed. The total yield was dissolved in the 
minimum quantity of ethyl alcohol, and an excess of warm saturated picric acid solution added. 
2-Phenyl-3-methyl-N-methoquinolinium picrate was slowly deposited as yellow needles, which, 
after recrystallisation from alcohol-picric acid, had m. p. 169—170° (yield, 2-5 g.) (Found : 
N, 12-2. C,3H,,0,N, requires N, 12-1%). 

2-Hydroxy-a-phenylstyryl Methyl Ketone.—This was prepared by the method given by 
Dickinson (J., 1926, 2234) for “‘ 2-hydroxystyryl benzyl ketone.” Benzyl methyl ketone (52 g.), 
salicylaldehyde (48 g.), alcohol (100 c.c.), and piperidine (10 drops per day for a week) yielded 
after one crystallisation from dilute alcohol 48 g. of the required styryl methyl ketone, m. p. 180— 
181° (Found : C, 81-0; H, 6-0. Calc.: 80-7; H, 5-9%). 

Attempted Ring Closure of the Preceding Compound.—A solution of the ketone in boiling 
acetic acid was treated with concentrated hydrochloric acid and reboiled. Addition of excess 
of perchloric acid precipitated the original material. Similarly, the saturation of a solution 
of the ketone in dry ether, ethyl acetate, or anhydrous formic acid, alone or in presence of 70% 
perchloric acid, failed to produce any pyrylium salt. 

3-Phenyl-2-methylbenzopyrylium perchlorate was eventually isolated by the following pro- 
cedure : equimolecular portions of er and benzyl methyl ketone (1:8 g. of salicyl- 
aldehyde), with perchloric acid (70%, 5 c.c.), were dissolved in dry ether (10 c.c.) and saturated 
with hydrogen chloride. A red-blue crystalline product was formed, which was washed with 
ether and recrystallised from acetic acid; m. p. 189—191° (Found : C, 59-4; H, 4-1. C,,H,,0,Cl 
requires C, 59-9; H, 4:1%. C,3H,,O,Cl requires C, 65-0; H, 4:0%). Attempted nitrations of 
this substance produced only black masses. 

2-Phenyl-a-naphthapyrylium Perchlorate.—2-Naphthol-l-aldehyde (1-7 g.), acetophenone 
(1-2 g.), and perchloric acid (70%, 5c.c.) were dissolved in anhydrous ether (40 c.c.) and saturated 
at 0° with dry hydrogen chloride. After 24 hours, 2 g. of 2-phenyl-a-naphthapyrylium perchlorate, 
m. p. 208—212°, had separated. Crystallisation of the salt from acetic acid gave long yellow 
needles, m. p. 216—220° (Found: C, 63-6; H, 3-7. C,,H,,;0;Cl requires C, 64-0; H, 3-6%). 
The total insoluble material obtained by filtration after this perchlorate had been stirred with 
an excess of sodium acetate solution was dissolved in acetic acid, and the product treated with 
solid ferric chloride. The ferrichloride described by Decker and von Fellenberg (A nnalen, 1909, 
364, 42) was precipitated quantitatively, m. p. 187—188° (Found: C, 50-5; H, 3-0. Calc.: C, 
50-1; H, 2-9%). 

Relative Reactivities of Salicylaldehyde and 2-Naphthol-1-aldehyde.—We attempted to demon- 
strate this point by setting the two aldehydes in competition for a deficiency of acetophenone : 


ClO, 
7o“~—_— 


% COMe , Noe A Set aia 
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A solution of 2-naphthol-l-aldehyde (1-7 g.), salicylaldehyde (1-2 g.), and acetophenone (1-2 g.) 
in anhydrous ether (150 c.c.) was saturated with dry hydrogen chloride at 0° and left for 48 
hours at room temperature. The dark-coloured solution had then deposited about 1 g. of bronze- 
coloured needles, m. p. 160—175° (mixed with 2-phenylbenzopyrylium perchlorate of m. p. 
177—178°, m. p. 155—158°; mixed with 2-phenyl-«-naphthapyrylium perchlorate described 
above, m. p. 160—180°). 

The result shows that reaction A apparently predominated and suggests that salicylaldehyde 
is inferior to the naphthalene compound in reactivity. Relevant also in this connection is the 
observation of Das and Ghosh (J., 1919, 115, 820) that salicylaldehyde will not condense with 
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deoxybenzoin in an alkaline medium, although according to Singh and Mazumdar (ibid., p. 822) 
2-naphthol-l-aldehyde easily does so. 

3-Phenyl-2-methylquinoline.—A mixture of phenylacetone (9-2 g.), isatin (8 g.), and the 
other reagents in quantities as in the case of 2-phenyl-3-methylquinoline (above) was boiled for 
8 hours. After steam-blowing, the hot solution was made just acid; on cooling, 3-phenyl- 
2-methylquinoline-4-carboxylic acid was obtained as a cream-coloured powder (8 g.), m. p. above 
250°. The total yield was mixed with slaked lime (80 g.) and distilled, about 30 c.c. of distillate 
appearing. This was extracted with benzene, dried with potassium hydroxide, and distilled. 
The fraction (4 g.) passing over at 220—-230°/33 mm. was dissolved in excess of methyl iodide 
and refluxed for 3 hours. Evaporation afforded a gum, which was dissolved in water and treated 
with saturated aqueous picric acid. The yellow picrate of (IV) was precipitated in a crystalline 
condition, m. p. 170—175° (Found: N, 12-3. Calc.: N, 12-1%). 

(b) Salicylidene-4-methylacetophenone—A hot solution of potassium hydroxide (30 g.) 
in water (25 c.c.) was added to a mixture of salicylaldehyde (25 g.), p-methylacetophenone (18 g.), 
and rectified spirit (100 c.c.). A vigorous reaction ensued and in a few minutes the solution 
had filled with crystals of a red potassium salt. After 24 hours these were collected, dissolved 
in water, and acidified with carbon dioxide. The chalkone was thus produced as a yellow powder, 
which after crystallisation from dilute alcohol formed yellow needles (2 g.), m. p. 158—159° 
(Found: C, 80-6; H, 6-0. C,,H,,O, requires C, 80-7; H, 5-9%). By dilution, acidification, 
etc., of the filtrate from the potassium salt a further 20 g. of product could be obtained (total 
yield, 22 g.). 

Ring closure of the previous compound. A solution of the chalkone (0-5 g.) in acetic acid 
(25 c.c.) was boiled as quickly as possible and treated with two drops of concentrated hydro- 
chloric acid. Boiling was continued until the initial yellow colour decreased in intensity and 
did not reappear when a further drop was added. The mixture was then added to perchloric 
acid (d 1-2, 25 c.c.) and water (25 c.c.), from which, on cooling, yellow needles separated. In 
this way, from 3 g. of the chalkone, 3-1 g. of the pyrylium perchlorate were obtained (attempted 
preparations on larger scales failed because of a strong development of a green colour in the 
solutions during the boiling; this difficulty has been experienced before, J., 1932, 1990). The 
compound crystallised well from acetic acid containing perchloric acid, forming stout yellow 
needles, m. p. 148—150°, with previous darkening from 120° onwards (Found: C, 59-9; H, 4-2. 
C,gH,,;0,;Cl requires C, 59-9; H, 4:1%). 

Nitration of 2-p-Tolylbenzopyrylium Perchlorate-—The perchlorate (1 g.) was slowly dissolved 
in nitric acid (d 1-5, 20 c.c.) at a temperature not above 0°, and the solution kept for 2 minutes. 
The temperature being maintained as low as possible, water (10 c.c.), followed by aqueous 
perchloric acid (d 1-2, 30 c.c.), was added, and the mixture kept for some time before 
filtration; a lime-coloured mononitro-derivative (about 1 g.) was produced, m. p. 199°, with 
previous shrinking from 150° onwards (Found: N, 4:0. C,,H,,0O,NCl requires N, 3-8%). A 
mixture with the synthetic substance described below exhibited the same behaviour in m. p. 
determinations. 

Synthesis of 3'-Nitro-2-phenyl-4'-methylbenzopyrylium Perchlorate—A mixture of salicyl- 
aldehyde (1-2 g.), nitromethylacetophenone (1-8 g.), perchloric acid (70%, 3 c.c.), and anhydrous 
ether (40 c.c.) was saturated with hydrogen chioride and left for 2 days. The crystalline magma 
produced had m. p. 200—205° (decomp. after blackening from ca. 180°) after purification 
(Found: N, 3-9. Calc.: N, 3-8%). 

Preparation of 2-p-Tolylquinoline and Derivatives thereof —Isatin (10 g.), water (150 c.c.), 
caustic soda solution (30%, 70 c.c.), and ~-methylacetophenone (12 g.) were heated together 
under reflux for 9 hours, the excess of ketone then removed by steam-blowing, and the solution 
made up to 400 c.c. with water. Exact neutralisation with dilute hydrochloric acid then gave 
2-p-tolylquinoline-4-carboxylic acid (20 g.), m. p. 180—181°. This was distilled with slaked 
lime (200 g.). The oily distillate, which solidified (ca. 8 g.), crystallised from dilute alcohol in 
pale yellow plates (6 g.) of 2-p-tolylquinoline, m. p. 82—83° (Found: N, 6-5. C, gH,,;N requires 
N, 6-4%). 

Methosulphate. 2-p-Tolylquinoline (1 g.) and methyl sulphate (3 c.c.) were refluxed for 5 
hours in benzene (10c.c.) After 12 hours, the white needles were separated, washed with benzene, 
dried (yield, 90%; m. p. 154—155°), and recrystallised from absolute ether and alcohol; m. p. 
158—159° (Found: C, 62-7; H, 5-6. C,,H,,0,NS requires C, 62-6; H, 5-5%). The metho- 
sulphate is readily soluble in water and the common organic solvents. 

The methopicrate, precipitated when an excess of cold saturated aqueous picric acid 
was added to the methosulphate (1 g.) in dilute aqueous alcohol, and recrystallised from water 
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containing picric acid, formed hair-like needles, m. p. 157—158° (Found : N, 12-3. C,3;H,,0,N, 
requires N, 12-1%). 

Nitration of the foregoing methopicrate. The methopicrate (5 g.) was dissolved in nitric 
acid (50 c.c., d 1-5) at 0° to — 10°, the solution left at 0° for 1 hour and poured on ice, the excess 
of nitric acid partly neutralised by ammonia, more picric acid added (as saturated solution), 
and the whole left at 0° for 24 hours. The product (7 g.), once crystallised from 95% alcohol, 
had m. p. 192—194° (Found: N, 14-4. C,,H,,0,N, requires N, 13-8%. C,,H,,0,,N, requires 
N, 15°2%). 

(c) 2-Methylbenzopyrylium Perchlorate-—A solution of o-hydroxystyryl methyl ketone (2 g.), 
ether (40 c.c.), and perchloric acid (70%, 3 c.c.) which had been saturated with dry hydrogen 
chloride at 0° was filtered after 24 hours. The perchlorate was then obtained as compact orange 
prisms, (2-1 g.), m. p. 153—158°. 

An attempt to prepare this salt by passing hydrogen chloride through a solution of salicyl- 
aldehyde (2-5 g.), acetone (0-6 g.), and perchloric acid (70%, 3 c.c.) in dry ether gave after 2 days 
1-5 g. of dark crystals (Found: C, 58-3; H, 4-0. Calc. for C,,H,,0,Cl: C, 58-5; H, 3-7%). 
2-Hydroxy-2-styrylbenzopyrylium perchlorate was also obtained quantitatively from dicoumaro- 
ketone (Decker and Felsner, Ber., 1908, 41, 2997, 3755), 70% perchloric acid, and anhydrous 
ether in the usual manner. Both products had m. p. 188—194°, separately or mixed (Buck and 
Heilbron, J., 1922, 121, 1198, record m. p. 196°). 

Dinitration of 2’-Hydroxy-2-styrylbenzopyrylium Perchlorate——The substance was dissolved 
in 20 times its weight of nitric acid (d 1-42) at 0° and immediately poured on ice. The chocolate- 
brown powder produced, which could not be crystallised without apparent decomposition, 
was washed with very dilute perchloric acid, followed by ether, and dried in a vacuum (Found : 
N, 6-7. C,,H,,0,)N,Cl requires N, 6-4%). 

Nitration of Quinaldine Methosulphate——The methosulphate (m. p. 148—150°) (10 g.) was 
slowly added to nitric acid (d 1-5, 100 c.c.) below 0°, and the mixture kept for 1 hour at 0°, 
and poured into 1-5 1. of saturated aqueous picric acid containing ice. The precipitate (11-5— 
12 g.) had m. p. 148—150° after recrystallisation (Found: N, 16-4. C,,H,,0,N, requires N, 
16-2%). 

Synthesis of 5-Nitroquinaldine Methopicrate-—5- and 8-Nitroquinaldines were prepared 
from quinaldine nitrate as described by Gerdeissen (Ber., 1889, 22, 245). The former compound 
was heated with methyl sulphate for 2 hours on the steam-bath, the cooled product extracted 
with water—alcohol, and aqueous alcoholic picric acid added to the extract. The precipitate 
obtained crystallised from alcohol in yellow needles, m. p. 149—151° (Found: N, 16-3. Calc. : 
N, 16-2%). This nitro-compound raised the m. p. of the preceding one. 

(d) Dinitration of 2-0-Hydroxystyryl-3-methylbenzopyrylium Perchlorate-——The perchlorate 
(0-5 g.) was dissolved in nitric acid (d 1-5, 20 c.c.) and left at 0° for 3 minutes. Dilution of the 
solution with acetic acid (20 c.c.) followed by perchloric acid (d 1-12, 50 c.c.), produced a yellow 
precipitate, which, after filtration, washing with acetic acid, and drying, had an indefinite 
decomp. point above 150° (Found: N, 6-1. C,,H,,0,)N,Cl requires N, 6-2%). 

Condensation of Salicylaldehyde and Ethyl a-Methylacetoacetate—Loéwenbein and Katz 
(Ber., 1926, 59, 1377) have reported that by application of their hydrogen chloride—perchloric 
acid—ether treatment, salicylaldehyde and a-methylacetoacetic ester condense to give 2-0- 
hydroxystyryl-3-methylbenzopyrylium perchlorate. In view of the fact that we now find that 
ethyl acetoacetate itself and certain of its aryl derivatives do not lose the carbethoxy-group during 
this procedure we have repeated this reaction. The result is in entire agreement with the 
description given by the above authors; in addition we find that the carbethoxy-group is 
similarly lost when pyrylium chloride formation is carried out in 98% formic acid, or acetic 
acid, solution. 

(e) Benzopyrylium Ferrichloride—The directions of Decker and von Fellenberg (Amnalen, 
1909, 364, 21) for the preparation of this substance from salicylaldehyde and acetaldehyde 
were followed, but bakelite-like substances were always produced. The working-up was there- 
fore performed as follows: The reaction product was cooled, and the clear liquid decanted. 
Dilution to about } 1. with 10% hydrochloric acid caused a further precipitation of resins, 
which were removed. Any excess of salicylaldehyde was extracted from the filtrate with 
benzene. Solid ferric chloride hydrate was now stirred in to saturation, and the solution cooled 
and saturated with hydrogen chloride. As soon as yellow crystals began to form, the extra 
resinous material thrown out by the hydrogen chloride was removed, the filtrate cooled in ice— 
salt, and the hydrogen chloride dissolution continued. By proceeding in this way we have 
obtained yields of ca. 4% of benzopyrylium ferrichloride, m. p. 197—199° (Found: C, 32-6; 
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H, 2-4. Calc. for C,H,OCI,Fe: C, 32-8; H, 22%). By following as far as possible the brief 
directions of Decker and von Fellenberg (/oc. cit), only traces of the ferrichloride could be isolated. 

Action of Nitric Acid on Benzopyrylium Ferrichloride——The ferrichloride (1 g.) was added 
to nitric acid (d 1-42 or 1-5; 20 g.) at various temperatures. Red fumes always appeared, 
indicating oxidation. In a typical case, an attempted nitration which had stood at room 
temperature for 24 hours was diluted with ice, a clear reddish solution being obtained. Iron 
was removed as hydroxide, and the filtrate evaporated to a small bulk, cooled, and acidified 
with hydrochloric acid. The cream-coloured precipitate produced had m. p. ca. 150° (dried at 
130°) and in aqueous solution gave a deep red ferric chloride reaction (Found: N, 12-8. Calc. 
for C,H,O,N,: N, 123%). The m. p. was raised by admixture with authentic dinitrosalicylic 
acid (Hiibner, Annalen, 1879, 195, 46) of m. p. 172—173° (also dehydrated at 130°). 

Attempted Syntheses of 6- and 8-Nitro-2-phenylbenzopyrylium Perchlorates.—(a) 5-Nitro- 
salicylaldehyde (1-7 g.), acetophenone (1-2 g.), anhydrous ether (40 c.c.), and perchloric acid 
(70%, 3 c.c.) were mixed and saturated with hydrogen chloride. The red crystalline precipitate 
was collected after 3 days (yield, 1-4 g.; m. p. 180—185°). The sal/¢ could not be crystallised 
from common solvents without apparent decomposition (Found: N, 4:2. C,;H,,O,NCl 
requires N, 40%). The substance, by addition to fuming nitric acid, underwent nitration 
without any sign of oxidation. (b) Exact duplication of the above conditions in the case of 
3-nitrosalicylaldehyde produced 2 g. of long yellow needles, m. p. 163—164° (Found: N, 5-3. 
C,;H,,0,N requires N, 5-2%). From its analysis and mode of production this compound is 
probably 3-nitvo-2-hydroxychalkone, the slow cyclisation of which might be expected from 
steric considerations. 
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12. Isomeric 6 : 6'-Di-(2 : 4-bistrichloromethyl-1 : 3-benzdioxinyl)sulphones. 
By F. D. Cuatraway and A. E. BELL. 


THE 2 : 4-bistrichloromethy]-1 : 3-benzdioxins (I) formed by the condensation of chloral 
with phenols substituted in the para-position should exist in cis- and tvans-isomeric forms, 
but, of the compounds so far closely studied, where R = NO,, SO,H, or CO,H (J., 1926, 
2720; 1927, 685, 2013), only one form has been obtained. This may be due to one form 
only being produced in any recognisable amount under the conditions employed or to the 
difference in the properties of the two forms being too slight to admit of their separation. 

In the case of 6: 6’-di-(2 : 4-bistrichloromethyl-1 : 3-benzdioxinyl)sulphone (III), which 
is produced when chloral is allowed to condense with 4 : 4’-dihydroxydiphenylsulphone 
(II) under the influence of concentrated sulphuric acid, three out of the six piel cts- 


O 
og CCl, OH, H lt we H-CCl, 
SO,- ‘a, cHo “CHO 


H-CCl, CH: ay CH-CCl, 
(I.) (II.) (III.) 


and trans-isomerides have been isolated by fractional crystallisation of the crude product. 
They are colourless well-crystallised compounds closely resembling each other in properties 
but melting at 215°, 240°, and 248° respectively, each lowering the melting point of the 
other two. They may be designated the «-, the 6-, and the y-6 : 6’-di-(2 : 4-bistrichloro- 
methyl-i : 3-benzdioxinyl)sulphone in order of increasing melting point. They have 
identical compositions and molecular weights in camphor. 

The cis- and trans-character of the isomerism is shown by the conversion of each iso- 
meride, when warmed with the theoretical amount of alcoholic potash, into one and the 
same 6 : 6’-di-(2 : 4-bisdichloromethylene-1 : 3-benzdioxinyl)sulphone (IV), m. p. 215°. 

When completely hydrolysed by excess of boiling alcoholic potash, and the product 
oxidised by alkaline permanganate, each of the three isomerides yields 4 : 4’-diethoxy- 
3 : 3’-dicarboxydiphenylsulphone (V), m. p. 247°, identical with the compound synthesised 
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by converting o-cresol into 4: 4’-dihydroxy-3 : 3’-dimethyldiphenylsulphone and oxidising 
its diethyl ether by permanganate. 


CCI, IC C:CCI ' EtO OEt 
00% . +. -—> HOR so, 0,H 
(v.) 


C:CCl, —(IV.) CCC, 


When either the a- or the y-isomeride * is acted upon at the ordinary temperature 

with the theoretical amount of dilute alcoholic potash, two only of the four trichloro- 

methyl groups are attacked and, by loss of two 

Q molecules of hydrogen chloride, corresponding 

CCl,"HC H-CCl; isomeric «- and y-6 : 6’-di(trichloromethyldi- 

0 at -SO,- chloromethylene-1 : 3-benzdioxinyl)sulphones are 

C:CCl, C:CCl, formed, melting at 241° and 250° respec- 

tively. These probably have the annexed 

constitution, since the behaviour of other 2 : 4-bistrichloromethyl-1 : 3-benzdioxins towards 

alcoholic potash sugests that in each case the trichloromethyl groups attacked are those 
in the 4- and 4’-positions. 

EXPERIMENTAL. 

6 : 6’-Di-(2 : 4-bistrichloromethyl-1 : 3-benzdioxinyl)sulphone (I1I).—50 G. of 4 : 4’-dihydroxy- 
diphenylsulphone, 150 g. of chloral hydrate, and 450 c.c. of sulphuric acid (d 1-83) were shaken 
together for $ hour and kept at the ordinary temperature with occasional shaking for 7 days. 
The desired sulphone together with meta- and para-chlorals separated in a solid cake. This 
was broken up in ice-cold water, separated, washed with hot water, and extracted with a little 
alcohol to remove parachlorals. The residue was dissolved in hot glacial acetic acid, meta- 
chloral remaining undissolved, and the crude product (25 g.), m. p. 200—205°, fractionally 
crystallised from the same solvent, the three forms then being obtained. 

a-6 : 6’-Di-(2 : 4-bistrichloromethyl-1 : 3-benzdioxinyl) sulphone formed slender elongated prisms 
(4-0 g.), m. p. 215°, mixed m. p. 201° and 208° with the 8- and the y-form respectively (Found : 
Cl, 52-8; S, 4:0; C, 30-0; H, 1-3. C,,H,,0,Cl,,S requires Cl, 53-0; S, 4:0; C, 29-85; H, 
1-25%). The 8-su/phone also formed slender elongated prisms (0-8 g.), m. p. 240°, mixed m. p. 
(with y-form) 212° (Found : Cl, 52-7; S, 3-8; C, 29-9; H, 1-4%). The y-sulphone crystallised 
in elongated prisms (6-0 g.), m. p. 248° (Found : Cl, 52-8; S, 3-8; C, 29-8; H, 1-25%). 

6 : 6’-Di-(2 : 4-bisdichloromethylene-1 : 3-benzdioxinyl)sulphone (IV).—2 G. of the a-sulphone 
in 500 c.c. of boiling alcohol and 0-6 g. of potassium hydroxide in 10 c.c. of alcohol were boiled 
together for 5 minutes. 6: 6’-Di-(2 : 4-bisdichloromethylene-1 : 3-benzdioxinyl)sulphone, which 
slowly separated in woolly tufts, crystallised from acetic acid, in which it was easily soluble, 
in long hair-like prisms (1-1 g.), m. p. 215° (Found: Cl, 43-1; S, 5-1. Cy9H,O,C1,S requires 
Cl, 43-15; S, 49%). The 8- (1 g.) and the y-sulphone (2 g.), treated similarly, respectively 
yielded 0-5 g. and 1 g. of the above bisdichloromethylene compound. 

a-6 : 6'-Di(trichloromethyldichloromethylene-1 : 3-benzdioxinyl)sulphone.—To 2 g. of a-6: 6’- 
di-(2 : 4-bistrichloromethyl-1 : 3-benzdioxiny]l)sulphone in 500 c.c. of alcohol at 30°, 0-3 g. of 
potassium hydroxide in 10 c.c. of alcohol was added. On standing over-night at the ordinary 
temperature, «-6 : 6’-di(trichloromethyldichloromethylene-1 : 3-benzdioxinyl)sulphone separated as 
slender colourless crystals. It crystallised from acetic acid in rhombic prisms (1-0 g.), m. p. 
241° (Found: Cl, 48-4; S, 4-25. C,,H,O,Cl,.S requires Cl, 48-6; S, 4-4%). 

y-6 : 6’-Di(irichloromethyldichloromethylene-1 : 3-benzdioxinyl)sulphone, similarly obtained 
from the y-sulphone (1 g. in 250 c.c. of alcohol) and potassium hydroxide (0-3 g. in 10 c.c. of 
alcohol), separated in silky needles, and crystallised from alcohol in characteristic slender rhombic 
plates, m. p. 250° (Found: Cl, 48-9%). 

Hydrolysis of Dibenzdioxinylsulphones by Alcoholic Potassium Hydroxide and Subsequent 
Oxidation by Permanganate: Formation of 4: 4'-Diethoxy-3 : 3'-dicarboxydiphenylsulphone 
(V).—Owing to the difficulty of obtaining the §-isomeride in sufficient amount this experiment 
was carried out with the a-dibenzdioxinylsulphone, with the :y-dibenzdioxinylsulphone, and 


* A similar elimination of two molecules of hydrogen chloride might certainly be effected from the 
B-isomeride, but the isolation of this compound in a pure state is so tedious that the experiment has 
not been carried out. 
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with a mixture of approximately 1 part of the 6- and 3 parts of the y-dibenzdioxinylsulphone. 
An identical product was obtained in the same yield in each case. 

3 G. of 6: 6’-di-(2 : 4-bistrichloromethyl-1 : 3-benzdioxinyl)sulphone were boiled for about 
1 hour with a solution of 6 g. of potassium hydroxide in 50 c.c. of alcohol until all chloroform 
and orthoformic ester had been evolved and a clear solution obtained, further additions of 
alcohol being made from time to time. The solution was then evaporated, and the residue 
dissolved in a little water. To the boiling aqueous solution, permanganate solution was added 
until present in slight excess. On filtration and acidification with hydrochloric acid 4: 4’- 
diethoxy-3 : 3'-dicarboxydiphenylsulphone separated as a colourless solid. It crystallised from 
20% acetic acid in long slender prisms (0-6 g.), m. p. 247° (Found : C, 54-95; H, 4-6. C,,H,,0,5 
requires C, 54-8; H, 4-6%). 

4 : 4’-Dihydroxy-3 : 3’-dimethyldiphenylsulphone.—50 G. of o-cresol (2 mols.) were gradually 
heated with 24 g. (1 mol.) of sulphuric acid (d 1-83) to 200° and maintained at this temperature 
for 4 hours. The red mass obtained was dissolved in dilute aqueous caustic soda (charcoal), 
and the solution acidified with hydrochloric acid; 4: 4'-dihydroxy-3 : 3’-dimethyldiphenylsul- 
phone then separated. It crystallised from 50% aqueous alcohol in colourless slender prisms 
with domed ends (30 g.), m. p. 268° (Found : C, 60-5; H, 5-2; S,11-7. C,,H,,0,S requires C, 
60-4; H, 5-05; S,11-5%). It formed a diacetate, slender prisms from alcohol, m. p. 135°, and 
a dibenzoate, short prisms from alcohol, m. p. 182°. 

4: 4’-Diethoxy-3 : 3’-dimethyldiphenylsulphone.—To a boiling solution of 40 g. of the 4: 4’- 
dihydroxysulphone in a solution of 4 g. of sodium in 100 c.c. of alcohol, 20 g. of ethyl iodide 
were gradually runin. After 5 hours’ boiling, one-third of the alcohol was distilled off, and the 
residue poured into water. 4: 4’-Diethoxy-3 : 3’-dimethyldiphenylsulphone, which separated, 
crystallised from acetic acid in lustrous colourless plates (14 g.), m. p. 136° (Found: C, 63-9; 
H, 6-5; S, 9-4. C,,H,,0,S requires C, 64-7; H, 6-6; S, 9-6%). 

4’-Hydroxy-4-ethoxy-3 : 3'-dimethyldiphenylsulphone, of which about 3 g. were obtained 
from the mother-liquors of the above preparation, crystallised from acetic acid in small flattened 
prisms, m. p. 186° (Found: C, 62-4; H, 5-6; S, 10-3. C,,H,,0,S requires C, 62-75; H, 5-85; 
S, 10-45%). It formed an acetate, elongated prisms from acetic acid, m. p. 126°. 

4 : 4'-Diethoxy-3-carboxy-3'-methyldiphenylsulphone—To 8 g. of 4: 4'-diethoxy-3 : 3’-di- 
methyldiphenylsulphone in a mixture of 80 c.c. of boiling pyridine and 60 c.c. of 30% aqueous 
sodium hydroxide, 5 g. of finely powdered potassium permanganate were added in small portions 
with frequent shaking during 1 hour. Pyridine was then removed by steam distillation, and 
the aqueous solution filtered and acidified when cool. 4: 4'-Diethoxy-3-carboxy-3'-methyl- 
diphenylsulphone separated as a colourless solid and crystallised from aqueous acetic acid in 
elongated, much flattened prisms (5-2 g.), m. p. 211° (Found: C, 58-8; H, 5-3. C,gH,,O,S 
requires C, 59-3; H, 5-5%). 

4: 4'-Diethoxy-3 : 3'-dicarboxydiphenylsulphone.—To 2 g. of 4: 4'-diethoxy-3-carboxy-3’- 
methyldiphenylsulphone, dissolved in 40 c.c. of boiling 20% aqueous sodium hydroxide, 5% 
aqueous permanganate was added in small portions until present in slight permanent excess 
(1 hour). The solution was then filtered, evaporated to two-thirds of its volume, and acidified 
when cool. 4: 4’-Diethoxy-3 : 3’-dicarboxydiphenylsulphone separated and crystallised from 
20% acetic acid in long slender prisms (0-7 g.), m. p. 247°, identical with the degradation product 
described above. 

4 : 4'-Diethoxy-3 : 3'-dicarbomethoxydiphenylsulphone, obtained by esterifying either the above 
dicarboxy-acid or that obtained by degradation of the dibenzdioxinylsulphones in boiling 
methyl alcohol and hydrogen chloride, formed colourless leaflets from alcohol, m. p. 162° (Found : 
S, 7-8. Cy sH,.O,S requires S, 7-5%). 

4: 4’-Dihydroxy-3 : 3'-dicarboxydiphenylsulphone.—1 G. of 4: 4'-diethoxy-3 : 3’-dicarboxy- 
diphenylsulphone was boiled under reflux with 20 c.c. of hydriodic acid (b. p. 127°) for 6 hours. 
When the mixture was poured into water 4: 4’-dihydroxy-3 : 3'-dicarboxydiphenylsulphone 
separated. It crystallised from 50% acetic acid in long slender colourless prisms (0-5 g.), m. p. 
299°. Its aqueous solution gives an intense purple coloration with ferric chloride (Found : 
S, 9-6. C,,H,,0O,S requires S, 9-4%). 


THE QUEEN’s COLLEGE LABORATORY, OXFORD. [Received, November 18th, 1933.] 
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13. The Mobility of Growps containing a Sulphur Atom. Part III, 
By Dovucias W. Cowle and Davip T. GIBSON. 


THE study of the exchange reaction has been extended to competition between two non- 
aromatic sulphonyl radicals : 


(E) RySO,°CH-COMe <"" R-SO,-CH,COMe+ R,SO,"SMe “"" R-SO,*CH-COMe (N) 
SMe SMe 


Exchange occurs only when an alkylthio-group is entering. In Part I (J., 1932, 1819) 
this was related to its para-directing influence. As, however, the bromination of thio- 
anisole proceeds (Bourgeois and Abraham, Rec. trav. chim., 1911, 30, 407) via an unstable 
dibromide, the prediction by Hammick and Illingworth’s rule (J., 1930, 2358) is not re- 
liable and in view of the adverse criticism of another part of Bourgeois and Abraham’s 
paper (Twist and Smiles, J., 1925, 127, 1248; Baldwin and Robinson, J., 1930, 2554) 
we repeated the bromination of thioanisole and confirmed that the methylthio-group is 
para-directing. 

In the following table exchange reactions are indicated by double-lined arrows. The 
product in each case was finally identified as a bissulphonyl-methane, and the ease with 
which a sharply melting product (except in VII) was obtained is evidence that no con- 
siderable amount of other product was overlooked. The behaviour of dibenzyl disulph- 
oxide may be compared with von Braun and Englebert’s results (Ber., 1923, 56, 1574). 


Et*SO,°CH,*SO,°Cam 
A 
Hex’SO,°CH,°SEt (V1.) | 4 


ot Et-SO,SEt 


Et-SO,‘SEt 


(I.) 
a s tt 


— 
) 
2 


Hex’SO,"°CH,°COMe 


(VII.) 
Anhydro- 

camphorsul- 

phonylacetone 








‘ : Hex-SO,-S-Hex . : 
Hex’SO,°CH,’SO,"Me <> — 2*CH,"SO.*Me 





\ 
Me-SO,°CH,°SO,°C,.H,Me Me’SO,°CH,°SO,°Et Me’SO,°CH,°*S°:CH,Ph 
Cam = d-Camphor-10-. Hex = cycloHexyl. 


As the low melting point of many of these products makes exact quantitative measure- 
ment difficult, we have carried out a reaction between equimolecular amounts of methyl 
p-toluenethiolsulphonate and 4-chlorophenylsulphonylacetone. We recovered about 70% 
of the products of reaction and, by estimating the halogen content of each, found (taking 
into account the lesser solubility of the halogenated derivatives) that the product was a 
50 : 50 mixture of exchanged and normal material. 

m-Nitrophenylsulphonyl-acetic ester and -acetophenone could not be prepared by the 
usual method (interaction of the sodium sulphinate with chloroacetic ester and bromo- 
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acetophenone respectively). A similar failure to prepare o-nitrophenylsulphonylacetic 
ester is recorded by Claasz (Ber., 1912, 45, 748). This cannot be attributed to the intrinsic 
instability of the ester, for Claasz obtained it subsequently by oxidising the product from 
o-nitrophenylthiol and chloroacetic ester. This led us to try the action of alkaline phenyl- 
thiol on sodium o-nitrophenylsulphonylacetate; but instead of the expected sodium 
phenylthioacetate we obtained quickly in the cold o-nitrodiphenyl sulphide: other mer- 
captans gave corresponding sulphides. 


NO,*C,H,"SO,*CH,CO,Na + PhSNa —> NO,°C,H,SPh 


The replacement was much smoother than in similar experiments with phenol or aniline 
recorded by Levi and Smiles (J., 1932, 1491). 

In the light of these experiments we were inclined to doubt the structure (XI) assigned 
by Steinkopf and Jaeger (J. pr. Chem., 1930, 128, 66) to the “‘tertiare sulfonsdure,” 
Ci3H,40,S,, m. p. 123—124°, which they obtained from methylmagnesium iodide and 
benzenesulphonyl fluoride. They found that it formed an easily hydrolysed potassium 


CH, R 
(XI) C,H,SO,—S—C,H, ee er es (XII) 
Y 


So OH 1 
salt and a methyl ester (OMe for OH). Taking advantage of Davies and Dick’s excellent 
route to sulphonyl fluorides (J., 1931, 2104), we repeated Steinkopf’s experiment and 
obtained his substance, m. p. 121—122°. It gave no depression in melting point (121— 
122°) when mixed with the oxidised condensate (XII; R = R, = H) of phenylthiol and 
formaldehyde (bisphenylsulphonylmethane). 

Methylation produced not only Steinkopf’s “‘ methyl ester” (which we identified as 
bisphenylsulphonylethane; XII; R =H, R, = Me) but also a substance, m. p. 186°, 
which is evidently £6-bisphenylsulphonylpropane (XII; R = R, = Me) (Shriner, Struck, 
and Jorison, J. Amer. Chem. Soc., 1930, 52, 2060). The isolation of a dimethyl deriv- 
ative is scarcely possible on Steinkopf’s formulation. On the other hand it is not difficult 
to understand the formation of bisphenylsulphonylmethane, especially as Steinkopf 
found phenylmethylsulphone as a by-product of his reaction. Further, Steinkopf’s 
analyses are actually in better accord with a bisphenylsulphonyl-methane (C,;H,,0,S,) 
and -ethane (C,,H,,0,S,) than with the formule he put forward. 

Ethylmagnesium iodide and benzenesulphony] fluoride gave bisphenylsulphonylethane. 


EXPERIMENTAL. 


Bromination of Thioanisole-——Thioanisole was brominated as described by Bourgeois and 
Abraham (loc. cit.), and the resulting bromophenyl methyl] sulphide converted into a sulphone, 
m. p. 103°, identical with authentic 4-bromophenylmethylsulphone (for which we are indebted 
to Professor Smiles) and different from 3-bromophenylmethylsulphone, m. p. 103° also, pre- 
pared by direct bromination of phenylmethylsulphone. 

(I) cycloHexylsulphonylacetone (2 g.), methyl d-camphorylthiolsulphonate (5 g. or 10 g.), 
and sodium carbonate (0-5 g.) gave anhydrocamphorsulphonylacetone (0-05 g.) and an oil 
which after hydrolysis and oxidation gave cyclohexylsulphonylmethylsulphonylmethane, m. p. 
119° (Found: S, 26-6. C,H,,0,S, requires S, 26-7%). 

(II) Ethylsulphonylacetone (3 g.), methyl d-camphorylthiolsulphonate (5 g.), and sodium 
carbonate (1 g.) gave d-camphorsulphonic acid (0-7 g. as bromide), anhydrocamphorsulphonyl- 
acetone (0-1 g.), and an oil (0-5 g.) which after hydrolysis and oxidation gave camphorsulphonyl- 
methylsulphonylmethane, m. p. 123° (different from I above, 119°) (Found: C, 46-4; H, 6-6; 
S, 20-4. C,,H,,0O,S, requires C, 46-7; H, 6-5; S, 20-75%). 

(III) cycloHexylsulphonylacetone (7 g.), ethyl ethanethiolsulphonate (15-4 g.), and sodium 
carbonate (1-75 g.) gave a sulphide and an alkaline extract. The former gave methylethyl- 
sulphone on oxidation; the latter, on acidification, an oil which was separated into three 
fractions : (a) 1-5 g., b. p. 106°/0-2 mm., i$" 1-5050 (Found : S, 30°5%): (b) 2 g., b. p. 115°/0-2 
mm.; and (c) 1 g., b. p. 132°/0-2 mm. The lowest fraction was identified as «-ethylsulphonyl- 
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a-ethylthioacetone (b. p. 105—106°/0-2 mm., nj 15040. Calc.: S, 30-4%), and both were 
readily converted into bisethylsulphonylmethane. The highest fraction was identified as 
a-cyclohexylsulphonyl-a-ethylthioacetone (Found: S, 24-7. C,,;Hy,O3;S, requires S, 24-2%). 
It was converted into cyclohexylsulphonylethylthiomethane, m. p. 38°, on hydrolysis (Found : 
S, 28-5. C,H,,0,S, requires S, 28-8%). 

(IV) cycloHexyl cyclohexanethiolsulphonate was described by von Braun and Weissbach 
(Ber., 1930, 68, 2842) as an oil, b. p. 184°/0-1 mm.; it melts at 38° (Found: S, 24-5. Calc. 
for C,,H,,0,S,: S, 244%). With methylsulphonylacetone and sodium ethoxide it gave, by 
hydrolysis and oxidation of the alkali-soluble product, cyclohexylsulphonylmethylsulphonyl- 
methane, m. p. 119—120°, identical with (I N). Threefold excess of the thiolsulphonic ester 
gave the same product. 

(V) The alkali-soluble product obtained from camphor disulphoxide, methylsulphonyl- 
acetone, and sodium ethoxide gave, after hydrolysis and oxidaticn, camphorsulphonylmethyl- 
sulphonylmethane, m. p. 122°, identical with (II E). 

Methylsulphonylacetone was prepared from sodium methanesulphinate and chloroacetone. 
On removal of the excess of solvent, the residue solidified ; m. p. 54° (Found: S, 23-4. C,H,0,S 
requires S, 23-5%). 

(VI) ‘‘ Camphor disulphoxide ” (13 g.), ethylsulphonylacetoue (4 g.), and sodium carbonate 
(1-3 g.) gave an alkali-soluble oil which after hydrolysis and oxidation gave camphorsulphonyl- 
ethylsulphonylmethane, m. p. 85° (Found: 5S, 19-7. C,,;H,,0,S, requires S, 19-8%). 

(VII) Methylsulphonylacetone (0-65 g.), ethyl ethanethivlsulphonate (6 g.), and sodium 
carbonate (0-25 g.) gave, on hydrolysis and oxidation of the alkali-soluble product, a sulphone, 
m. p. 95—100°, which, recrystallised, melted at 102° alone or inixed with authentic bisethyl- 
sulphonylmethane. 

(VIIa) When equimolecular proportions of the same reagents were used, the sulphone 
obtained melted at 95° and depressed the m. p. of bisethylsulphonylmethane (Found : S, 34-0. 
C,H,,0,S, requires S, 34-4%). 

(VIII) Benzyl benzylthiolsulphonate (2-7 g.), methylsulphonylacetone (1-4 g.), and sodium 
carbonate (0-5 g.) gave a practically entirely alkali-soluble product. The fraction precipitated 
by acetic acid gave on hydrolysis crystals, m. p. 54° (depressed by admixture with methyl- 
sulphonylacetone) (Found: S, 29-9, 29-7. C,H,,0,S, requires S, 29-6%). 

(IX) The alkali-soluble product from methylsulphonylacetone, p-tolyl -toluenethiol- 
sulphonate, and sodium ethoxide gave methylsulphonyl-p-tolylthioacetone, m. p. 50° (Found : 
S, 24-7. C,,H,,0,S, requires S, 24-8%), which after hydrolysis and oxidation gave -tolyl- 
sulphonylmethylsulphonylmethane, m. p. 155°, identical with a previous specimen (J., 1931, 
2461). 

(X) Benzoylacetonitrile, dissolved in the calculated amount of sodium hydroxide solution, 
gave with an alcoholic solution of methyl -toluenethiolsulphonate w-cyano-w-methylthio- 
acetophenone, m. p. 50° (ligroin) (yield, 30%) (Found: C, 62-9; H, 5-3. C,,H,ONS requires 
C, 62-8; H, 4:7%). No cyanide ion was detected when it was boiled with sodium benzene- 
sulphinate. 

o-Nitrophenylsulphonylacetic acid with phenylthiol gave o-nitrodiphenyl sulphide, m. p. 
80° (Levi and Smiles, J., 1932, 1490), and with methylthiourea gave o-nitrothioanisole, m. p. 
58—59° (Claasz, Ber., 1912, 45, 1022). 

4-Chlorophenylsulphonylacetone (1 mol.), methyl -toluenethiolsulphonate (1 mol.), arf 
potassium acetate (1 mol.) were kept in alcoholic solution for 5 days. The alcohol, removed 
below 30°, contained no volatile sulphur compounds. The residue was dissolved in ether (D), 
washed with water, and extracted with dilute sodium carbonate solution (unchanged initial 
materials thereby being eliminated). The alkaline solution was boiled to hydrolyse the mixture 
of R-SO,-CH(SMe)-CO-CH;, and the resulting mixture of R-SO,-CH,-SMe was obtained as a 
crystalline solid [Found: Cl, 7-1. R-SO,-CH,-SMe requires (R = p-tolyl) Cl, 0; (R= 
4-chlorophenyl) Cl, 15-0%. Hence the ratio p-tolyl : 4-chlorupheny] is 53 : 47). 

About 5% of R-SO,-CH(SMe)-CO-CH, underwent hydrolysis during the original reaction. 
It was recovered from the ether (D) and found to contain 7-0% Cl, indicating a similar ratio 
of p-tolyl : 4-chlorophenyl. 


We are indebted to the Chemical Society for a grant. 


UNIVERSITY OF GLASGOW. [Received, November 3rd, 1933.] 
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14. The Preparation of isoButylenediamine. 
By H. D. K. Drew and F. S. H. HEAap. 


isOBUTYLENEDIAMINE (I) is a substance of special interest in connexion with stereochemical 
studies of the metals, because it is the simplest chelating diamine which is both unsym- 
metrical in structure and yet incapable of becoming a centre of optical activity in a co- 
ordination complex, even ifthe two amino-groups be regarded as united to the metal by 
links of different type. Reihlen and his collaborators (Annalen, 1932, 493, 20) and Strack 
and Schwaneberg (Ber., 1932, 65, 710) have prepared it from a-amino/sobutyronitrile or its 
acetyl derivative by reduction with hydrogen in presence of a platinum or palladium 
catalyst. : 

The alternative method now described depends on the conversion of isobutylene into 
«-chlorotsobutyraldoxime (II), the reaction of this with alcoholic ammonia to give 


CMe,:CH, —> CMe,Cl-CH:N-OH —> CMe,(NH,)*CH:N-OH (IIT) 
(II.) 


(I) CMe,(NH,)-CHy-NH, + Me,C<{He CH CMe, (IV.) 


a-aminoisobutyraldoxime and its hydrochloride, and the reduction of either of these sub- 
stances in alcoholic solution with sodium amalgam in presence of acetic acid, yielding a 
mixture of the diamine (I) with a tetramethylpiperazine (probably IV) (compare Reihlen, 
loc. cit.), from which the former is separated by means of the lower solubility of its hydro- 
chloride in alcohol. The method is capable of giving the diamine in quantity from readily 
available materials, though the actual yield is only 15—20%, calculated on the amount of 
amino-oxime used. 


a-Chloroisobutyraldoxime (II) separated as snow-white needles when isobutylene, prepared 
by the passage of isobutyl alcohol vapour over heated alumina (Ipatiev, Ber., 1903, 36, 2003), 
was passed into well-cooled amy] nitrite to which concentrated hydrochloric acid was gradually 
added (Ipatiev and Solonina, J. Russ. Phys. Chem. Soc., 1901, 38, 496); after being washed 
with water and with light petroleum and recrystallised from benzene, it melted at 104° (Ipatiev 
and Solonina give m. p. 96—97°). 

a-A minoisobutyraldoxime (II1).—A suspension of «-chloroisobutyraldoxime (100 g.) in satur- 
ated alcoholic ammonia (700 c.c.) ‘reacted vigorously after 10 minutes, ammonium chloride 
being formed. After cooling, alcohol and ammonia were removed by distillation in a vacuum 
on the water-bath, and the residue was extracted with boiling benzene. The insoluble portion 
(23 g.) separated from alcohol in massive colourless crystals of «-aminoisobutyraldoxime hydro- 
chloride, m. p. 210° (decomp.) after darkening at about 200° (Found: C, 34-9; H, 8-1; Cl, 25-4. 
C,H,,ON,,HCl requires C, 34-65; H, 7-95; Cl, 25-6%). The benzene extracts on cooling 
deposited colourless crystals (50 g.) of «-aminoisobutyraldoxime, m. p. 89° (with previous soften- 
ing) after recrystallisation from alcohol and from benzene (Found: C, 47-0; H, 9-9. CyH,ON, 
requires C, 47-05; H, 9-8%). The oxime (total yield, 80%) is readily soluble in water and in 
alcohol and moderately easily soluble in benzene. It gives rise to strongly alkaline solutions 
and displaces ammonia from ammonium chloride. 

The benzylidene derivative was obtained from alcoholic solution as massive colourless octa- 
hedra (sparingly soluble in water), m. p. 110° (Found: C, 69-5; H, 7-4. C,,H,,ON, requires 
C, 69-5; H, 7-4%). 

isoButylenediamine Dihydrochloride.—A solution of a-aminoisobutyraldoxime or the hydro- 
chloride (20 g.) in alcohol (200 c.c.) was acidified with glacial acetic acid and shaken, at about 
30°, during the gradual addition of 24% sodium amalgam (1500 g.), being meanwhile maintained 
slightly acid. After addition of a little water, the mercury was poured away, the semi-solid 
cake dissolved in aqueous sodium hydroxide (20 g. in 300 c.c. of water), and the solution distilled 
to dryness in a vacuum on the water-bath. The alkaline distillate was neutralised with hydro- 
chloric acid and evaporated to dryness, and the crystalline residue, consisting of the dihydro- 
chlorides of the diamine (I) and of a piperazine (IV), was extracted with alcohol. The portion 
which did not readily dissolve consisted of fairly pure isobutylenediamine dihydrochloride. 

E 
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The extract was evaporated to dryness, and the residue again extracted with alcohol. In this 
manner a number of fractions of the less soluble portion were obtained ; their compositions were 
checked by volumetric estimation of the chlorine and unsatisfactory fractions were resubmitted 
to fractionation. The dihydrochloride of the diamine crystallised from dilute alcohol in colour- 
less rectangular plates (Found: C, 30-2; H, 8-9; Cl, 44-0. Calc. for C,H,,N,,2HCl1: C, 29-8; 
H,8°7 ; Cl, 44:1%). The diacetamido-derivative had m. p. 100° after recrystallisation from 
ethylacetate (Reihlen and co-workers, Joc. cit., give m. p. 99—100°). 

The tetvamethylpiperazine dihydrochloride formed colourless needles from alcohol (Found : 
C, 44-6; H, 9-2; Cl, 32-8, 33-0. C,H,,N,,2HCl requires C, 44-65; H, 9-3; Cl, 33-0%). 

Acetylation of «-Aminoisobutyraldoxime.—Acetylation of the oxime (1 g.) with acetic an- 
hydride (3 c.c.) gave a mixture of substances separable by extraction with benzene, followed by 
ethyl acetate. Evaporation of the benzene extract gave a-acetamidoisobutyronitrile (0-8 g.), 
which on recrystallisation from ethyl acetate formed colourless plates, m. p. 105—106° (alone 
or mixed with an authentic specimen; Hellsing, Ber., 1904, 37, 1921). The ethyl acetate 
extracts deposited a small quantity of N-acetyl-a-aminoisobutyraldoxime as colourless needles, 
m. p. 198—199° (Found: C, 50-5; H, 8-3. C,H,,0,N, requires C, 50-0; H, 8-3%), very soluble 
in water and moderately easily soluble in ethyl acetate. 


The authors thank the Chemical Society for a grant and the Department of Scientific and 
Industrial Research for a research award. 
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15. The Synthesis of Nine Chloroiodonaphthalenes. 
By Ropert W. BEATTIE and FRANK C. WHITMORE. 


OF the fourteen possible chloroiodonaphthalenes, two only have been reported. 1-Chloro- 
2-iodonaphthalene (Mascarelli and Martinelli, Atti R. Accad. Lincet, 1915, 24, ii, 25) was 
prepared from 1-nitro-2-aminonaphthalene by diazotisation and subsequent treatment 
with potassium iodide in the presence of sulphuric acid. Willgerodt and Schlosser (Ber., 
1900, 33, 693) claimed to have isolated 1-chloro-4-iodonaphthalene as one of the decomposi- 
tion products of l-iodonaphthalene dichloride (C,gH,ICI,) and described it as a yellow 
oil boiling above 300°. 

By the controlled action of chlorine, bromine, and iodine on an organomercuric halide, 
or a mercury-bis-compound, the chloro-, bromo-, and iodo-compounds may be synthesised. 
The preparation of the iodo-derivatives is, however, unaccompanied by the danger of 
simultaneous direct halogenation of the nucleus, which, especially in the case of naphthalene, 
may attend the use of chlorine and bromine. 

In the present investigation we have prepared nine chloroiodonaphthalenes (1-chloro- 
4-iodo- and 1-chloro-8-iodo-naphthalene in considerable quantity) and find all to be light- 
coloured, crystalline solids. The constitutions assigned are concluded from the structures 
of the intermediates used and the reactions employed. 

The initial materials were commercially available aminonaphthalenesulphonic acids 
of known constitution and the reactions used were as follows : 


NH,*C,pH,SO,Na —> C,gH,Cl‘SO,Na —> C,9H,CI‘SO,Cl —> 
CypH,ClSO,H —> CyH,ClHgCl —> C,H,CII. 


The preparation and properties of the mercury derivatives employed have been 
previously reported (Beattie and Whitmore, J. Amer. Chem. Soc., 1933, 55, 1567). 

2-Iodonaphthalene was prepared by the action of iodine on 2-chloromercurinaphthalene 
and 2-mercuribisnaphthalene and found to have the properties reported in the literature. 

1-Chloro-4-bromonaphthalene was synthesised by the action of bromine on 1-chloro- 
4-chloromercurinaphthalene, and shown to be identical with a specimen made by the 
direct bromination of monochloronaphthalene. The preparation by the latter method 
entailed many crystallisations before a product having the desired properties was obtained. 
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A possible explanation of this is as follows: As well as the other isomeric derivatives of 
l1-chloronaphthalene formed simultaneously, there is also the possibility of the presence 
of bromo-derivatives of 2-chloronaphthalene. The monochloronaphthalene used was 
prepared by the direct chlorination of naphthalene—a method in which it has been recently 
shown (Britton and Reed, U.S. Pat. 1,917,822, July 11th, 1933) a considerable quantity 
of 2-chloronaphthalene (as much as 8%) may be formed. 

The presence of the 8-compound in 1-chloronaphthalene made by direct chlorination 
may also be one cause of the trouble experienced (Oakwood, private communication, 
1931) in isolating pure 1-chloro-4-nitronaphthalene from the mixture obtained by the 
nitration of 1-chloronaphthalene. 

With the above assurance that the halogens acted in the usual manner on the mercury 
derivatives, and that the mercury compounds had the structures assumed, we proceeded 
with the preparation of the nine isomeric chloroiodonaphthalenes. 


EXPERIMENTAL. 


The compounds described were prepared by the action of alcoholic solutions of iodine and 
sodium iodide on l1-chloro-4-, 1-chloro-5-, 1-chloro-6-, 1-chloro-7-, 1-chloro-8-, 2-chloro-1-, 
2-chloro-6-, 2-chloro-7-, and 2-chloro-8-chloromercurinaphthalene. The sodium iodide assisted 
in the solution of the iodine and subsequently in dissolving the inorganic mercuric halides 
formed. The most rapid absorption of iodine took place with 2: 1- and 1: 8-compounds, and 
the slowest was with the 2 : 6-derivative. 

The experimental details used for the preparation of 1-chloro-4-iodonaphthalene may be 
employed in isolating any of the other chloroiodonaphthalenes described in this work. The 
products were crystallised from methyl or ethyl alcohol. The percentages of the halogens 
given are the average of two determinations. 

Although the action of bromine in an aqueous bromide solution was not tried, the action 
of iodine proceeded much more satisfactorily than that of bromine in carbon tetrachloride. 
The alcohol appeared to wet the organo-mercury compound much more than the carbon tetra- 
chloride and when the latter was used the inorganic salts formed dissolved but little. 

1-Chloro-4-bromonaphthalene.—To a stirred, boiling mixture of 1-chloro-4-chloromercuri- 
naphthalene (8 g.) and carbon tetrachloride (100 c.c.) in a suitably equipped 500-c.c. flask, 
was added a solution of bromine (3-2 g.) in the above solvent (240 c.c.), during about 1-5 hours. 
The solution was run in through the condenser at the same rate as that at which the bromine 
colour faded in the refluxing mixture. The black insoluble solid that separated contained 
a small amount of unchanged 1-chloro-4-chloromercurinaphthalene, but was mainly inorganic 
salts of mercury. The whole was finally heated and stirred for 1 hour. The liquid was filtered 
hot and 265 c.c. of solvent were distilled from the yellow filtrate. The residual liquor on cooling 
gave a small quantity of nearly white solid (1-07 g.), which was discarded. The filtrate was 
evaporated to dryness, and the red solid obtained (3-3 g.) boiled (charcoal) with 50 c.c. of methyl 
alcohol. When filtered and cooled, this gave white needles of 1-chloro-4-bromonaphthalene, 
m, p. 66-5—67° [alone or mixed with a sample (m. p. 66-5—67°) obtained from the bromination 
of 1-chloronaphthalene]. 

1-Chloro-4-iodonaphthalene.—To a mechanically stirred, refluxing mixture of 1-chloro-4- 
chloromercurinaphthalene (7-95 g.) in alcohol (100 c.c.), a warm solution of iodine (5-05 g.) 
and sodium iodide (10 g.) in alcohol (200 c.c.) was gradually added, at about the same rate as 
the colour faded. Refluxing and stirring were continued for 1 hour and the mixture was then 
filtered hot and 110 c.c. of alcohol were removed by distillation. The residual liquor was 
cooled and stirred, and a large volume of cold water added. The yellow precipitate formed 
was washed with cold water, twice with sodium iodide solution (20%), and finally with water. 
The product crystallised (charcoal) from methyl alcohol in white leaflets or needles of 1-chloro- 
4-iodonaphthalene, m. p. 54-5° (yield, 386 g. or 90% based on the total made) (Found: Cl + I, 
56-4. C,,H,CII requires Cl + I, 56-3%). 

1-Chloro-5-iodonaphthalene, white needles, m. p. 89°; yield, 73% (Found: Cl + I, 56-1%). 

1-Chloro-6-iodonaphthalene, white needles, m. p. 57°; yield, 70% (Found: Cl + I, 55-8%). 

1-Chloro-7-iodonaphthalene, white needles, m. p. 39°; yield, 63% (Found: Cl + I, 56-0%). 

1-Chloro-8-iodonaphtha'ene (over 250 g. of this compound were prepared), pale yellow leaflets, 
m. p. 80-5°; yield, 84% (Found: Cl + I, 56-0%). 

2-Chloro-1-iodonaphthalene, white leaflets, m. p. 63°; yield, 64% (Found: Cl + I, 56-1%). 
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2-Chloro-6-iodonaphthalene, nacreous plates from methyl alcohol, m. p. 141°; yield, 70% 
(Found: Cl + I, 56-0%). 

2-Chloro-7-iodonaphthalene, obtained as pale yellow leaflets, m. p. 129°; yield, 70% (Found : 
Cl + I, 57-0%). 

2-Chloro-8-iodonaphthalene, long white needles, m. p. 55-5°; yield, 71% (Found: Cl + I, 
56-3%). 


One of us (R. W. B.) wishes to thank the Halowax Corporation, a division of the Bakelite 
Corporation, for a Fellowship. 
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16. Substitution in the Methyl-4’-nitro- and -4'-acetamido- 
diphenyl Ethers. 


By Haro_p A. SCARBOROUGH and JOHN L. SWEETEN. 


Cook and his collaborators (Amer. Chem. J., 1902, 28, 486; J. Amer. Chem. Soc., 1902, 
24, 1200) have described the methylnitrodiphenyl ethers obtained by the condensation 
of o- and p-chloronitrobenzene with the isomeric cresols. They nitrated and sulphonated 
the ethers, but did not determine the positions of the substituents. Further, they found 
that a carboxylic acid could not be obtained by the oxidation of the methyl group. 

Our results show that on further substitution 2-methyl- and 3-methyl-4’-nitrodipheny] 
ethers yield each a product in which the 4-position is occupied. Halogenation proceeded 
smoothly, but nitration was a violent reaction in which considerable amounts of nitro- 
phenols were formed as well as 2-methyl- or 3-methyl-4 : 4'-dinitrodiphenyl ether (1). The 
introduction of a second substituent into these molecules could not be effected. 

On treatment with the usual oxidising agents under various conditions, 4’-nitro-2- 
methyldiphenyl ether was mainly recovered unchanged, but 4’-nitro-3-methyldipheny] 
ether and its substitution products were slowly converted into the corresponding carboxylic 
acids; the yield was under 20% and but little of the initial ether was destroyed. 

The halogenation of 2-methyl- or 3-methyl-4’-acetamidodiphenyl ether resulted in 
products substituted in the 4-position ; on nitration, however, the entering group occupied 
the 3’-position. 4-Bromo-3'-nitro-4'-acetamido-2-methyldiphenyl ether could be obtained 
by bromination and nitration or by the introduction of the substituents in the reverse 


order. 
O.N O.N 
(I) WK ok, ie NHAcK >-o-< Me (11) 
e 


A dichlorination product of 4’-acetamido-3-methyldiphenyl ether was obtained in 
a yield too small to allow of the determination of its structure. Both 2-methyl- and 
3-methyl-4’-acetamidodiphenyl ether yielded 3’ : 4-dinitro-derivatives. 

Chlorination of 4’-nitro-4-methyldiphenyl ether yielded an inseparable mixture of 
chlorinated products; whereas bromination under similar conditions gave 2-bromo-4’- 
nitro-4-methyldiphenyl ether in theoretical yield. Nitration also gave a product substituted 
in the 2-position. 

Halogenation of 4’-acetamido-4-methyldiphenyl ether yielded intractable oils. Nitra- 
tion, however, proceeded smoothly in two stages with the formation of 3’-nitro- and 2 : 3’- 
dinitro-4'-acetamido-4-methyldiphenyl ethers (II). 

Oxidation of 4’-nitro-4-methyldiphenyl ether and its substitution products, to the 
corresponding carboxylic acids, proceeded more smoothly than that of the other isomerides, 
but the yield was still small. 

The structures assigned to the substitution products depend on condensation of #- 
chloronitrobenzene and the appropriately substituted cresol; confirmation was obtained 
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by reduction of the nitro-compound, nitration, and deamination, the product being 
synthesised from the m-halogenonitrobenzene and the substituted cresol. 

Consideration of these results shows that the ethereal oxygen atom exercises complete 
control of the orientation of the substituents, except for the introduction of a nitro-group 
when one nucleus contains an acetamido-group; by comparison with nitrodiphenyl ether 
the only effect which can be ascribed to the methyl group is a more controlled nitration. 


EXPERIMENTAL. 


4’-Nitro-2-methyldiphenyl Ether.—To 28 g. of molten potassium hydroxide were slowly 
added 54 g. of o-cresol, and 90 g. of p-chloronitrobenzene; the mixture was heated at 160° 
for 6 hours. The ether distilled at 225—230°/14 mm., solidified, and then separated from light 
petroleum in pale yellow octahedra, m, p. 35°. 

4'-Acetamido-2-methyldiphenyl ether, obtained by reduction of the nitro-compound with 
stannous chloride in ethereal hydrogen chloride, and refluxing of the crude base with acetic 
anhydride—acetic acid (1 : 8) for 12 hours, crystallised from benzene—light petroleum in needles, 
m. p. 110° (Found: N, 5-65. C,;H,,0,N requires N, 5-8%). 

4-Chloro-4'-nitro-2-methyldiphenyl ether, prepared from the nitro-compound and sulphuryl 
chloride (2 mols.) (kept for 2 days), had b. p. 235—240°/12 mm. and formed needles, m. p. 
65°, from methyl alcohol (Found : Cl, 13-6. C,,;H,O,;NCI requires Cl, 13-5%). 

4-Chloro-4'-acetamido-2-methyldiphenyl ether, obtained from the preceding nitro-compound 
by reduction and acetylation, crystallised from dilute methyl alcohol or light petroleum— 
benzene in needles, m. p. 122° (Found: Cl, 12-9. C,;H,,O,NCI requires Cl, 12-9%). 

4-Chloro-3'-nitro-4'-acetamido-2-methyldiphenyl ether was prepared (1) by the nitration of 
4-chloro-4’-acetamido-2-methyldiphenyl ether with nitric acid (d 1-5) in acetic acid at 80°, (2) 
by the action of a small excess of chlorine on 3’-nitro-4’-acetamido-2-methyldipheny] ether in 
acetic acid in presence of fused sodium acetate, at 80°. The product separated from dilute 
methyl alcohol in pale brown needles, m. p. 128°, in yellow needles, m. p. 133°, or as a mixture 
of both forms. The needles, m. p. 128°, change into the higher-melting product above 124° 
(Found : Cl, 11-2. C,,;H,,;0,N,Cl requires Cl, 11-1%). The corresponding 4’-amino-compound 
crystallised from dilute methyl alcohol in bright red needles, m. p. 104° (Found: Cl, 12-65, 
C,3;H,,0,N,Cl requires Cl, 12-75%). 

4-Chloro-3'-nitro-2-methyldiphenyl ether, prepared by deamination of the above base, or by 
condensation of m-iodonitrobenzene and the potassium salt of 5-chloro-2-hydroxy-1-methyl- 
benzene at 220° in the presence of copper powder, crystallised from light petroleum in faintly 
orange needles, m. p. 52° (Found: Cl, 13-5. C,3;H,gO,NCl requires Cl, 13-5%). 

4-Bromo-4'-nitro-2-methyldiphenyl ether, obtained by the action of bromine in acetic acid 
solution, or by condensation of p-chloronitrobenzene with potassium 5-bromo-o-tolyloxide for 
6 hours at 160°, separated from methyl alcohol in plates, and from light petroleum in prisms, 
m. p. 73° (Found: Br, 26-2. C,,;H,O,NBr requires Br, 26-0%). 

4-Bromo-4'-acetamido-2-methyldiphenyl ether, prepared by reduction of the nitro-compound 
and acetylation, or by bromination of 4’-acetamido-2-methyldiphenyl ether in acetic acid in 
presence of fused sodium acetate, crystallised from methyl] alcohol in needles, m. p. 144° (Found : 
Br, 25-0. C,;H,,O,NBr requires Br, 25-0%). 

4-Bromo-3'-nitro-4'-acetamido-2-methyldiphenyl ether was obtained when 4-bromo-4’-acet- 
amido-2-methyldiphenyl ether was treated with nitric acid (d 1-5) ix acetic acid at 80°, and when 
3’-nitro-4’-acetamido-2-methyldiphenyl ether was brominated in acetic acid at 80°. It separated 
from methyl alcohol or benzene—light petroleum in lemon-yellow needles, m. p. 147° (Found : 
Br, 21-95. C,;H,,0,N,Br requires Br, 21-85%). The base crystallised from methyl alcohol 
in red needles, m. p. 92° (Found: Br, 24-85. C,,;H,,O,N,Br requires Br, 24-75%). 

4-Bromo-3'-nitro-2-methyldiphenyl ether, prepared by deamination of the base or by bromin- 
ation of 3’-nitro-2-methyldiphenyl ether in acetic acid, separated from light petroleum in pale 
orange needles, m. p. 50° (Found: Br, 26-15. C,,;H,O,;NBr requires Br, 26-0%). 

3’-Nitro-4'-acetamido-2-methyldiphenyl ether, obtained when 4’-acetamido-2-methyldipheryl 
ether was nitrated in acetic acid at 80°, crystallised from light petroleum in yellow needles, 
m. p. 83° (Found: N, 9-85. C,;H,,0,N, requires N, 9-8%). The base separated from methyl 
alcohol in deep red prisms, m. p. 94° (Found: N, 11-5. C,3H,,O;N, requires N, 11-5%). 

3’-Nitro-2-methyldiphenyl ether was obtained by deamination of the preceding base, or 
by condensation of m-iodonitrobenzene with potassium o-tolyloxide at 200° for 8 hours in 
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presence of copper powder. The product was a yellow oil, b. p. 235°/14 mm. Each specimen 
yielded the same bromination product, m. p. 50°. 

3’ : 4-Dinitro-4'-acetamido-2-methyldiphenyl Ether.—4'-Acetamido-2-methyldiphenyl ether 
was added slowly to nitric acid (d 1-4), and after 10 minutes the mixture was poured on ice. 
The product, collected at once and crystallised from alcohol and then acetic acid, formed dull 
yellow needles, m. p. 137° (Found: N, 12-55. C,;H,,;0,N; requires N, 12-7%). The base 
separated from methyl alcohol in flat golden-brown needles, m. p. 170° (Found: N, 14-5, 
C,,;H,,0,N; requires N, 14-55%). 

3’ : 4-Dinitro-2-methyldiphenyl ether, obtained by deamination of the base, or by condens- 
ation of potassium m-nitrophenoxide with 2-bromo-5-nitrotoluene at 220° for 12 hours, crystal- 
lised from methyl alcohol in light brown needles, m. p. 110° (Found: N, 10-2. C,;H,,O;N, 
requires N, 10-2%). 

4 : 4’-Dinitro-2-methyldiphenyl Ether.—(1) 4'-Nitro-2-methyldiphenyl ether was added to 
a large excess of nitric acid (d 1-4) and carefully warmed till the violent reaction ceased and the 
product solidified. (2) ~-Chloronitrobenzene was heated with potassium 5-nitro-o-tolyloxide 
at 180° for 15 hours. The ether crystallised from dilute acetic acid in plates, m. p. 132°. 

3-Carboxy-4'-nitrodiphenyl ether, obtained in poor yield when an excess of chromic acid was 
added to 4’-nitro-3-methyldiphenyl ether in boiling acetic acid, crystallised from dilute acetic 
acid in small prisms, m. p. 183° (Found: C, 60-4; H, 3-8. C,,H,O;N requires C, 60-25; H, 
3-5%). 

4'-Amino-3-methyldiphenyl ether, obtained by reduction of the nitro-compound and purified 
through the sulphate, formed needles, m. p. 82°, from dilute methyl alcohol or light petroleum 
(Found: N, 7-1. C,,;H,,ON requires N, 7-05%). The nitrate crystallised from dilute nitric 
acid in flat needles, m. p. 158° (decomp.), and the acetyl derivative from alcohol in needles, 
m. p. 140° (Found: N, 5-8. C,;H,,0O,N requires N, 5-8%). 

4-Chloro-4'-nitro-3-methyldiphenyl ether, prepared (1) by adding an excess of chlorine to 
4’-nitro-3-methyldiphenyl ether in carbon tetrachloride, (2) by condensation of p-chloronitro- 
benzene with potassium 6-chloro-m-tolyloxide for 8 hours at 180°, crystallised from methyl 
alcohol in plates, m. p. 114° (Found: Cl, 13-35. C,,;H,O,;NCl requires Cl, 13-45%). 

4-Chloro-4’-acetamido-3-methyldiphenyl ether was prepared by reduction of the nitro- 
compound and subsequent acetylation and isolated as the hydrochloride in needles, m. p. 200° 
(decomp.), from dilute hydrochloric acid. The acetyl derivative crystallised from methyl 
alcohol in fine needles, m. p. 115° (Found: Cl, 13-05. C,;H,,O,NCI requires Cl, 12-9%), and 
was also obtained by the action of excess of chlorine on 4’-acetamido-3-methyldiphenyl ether 
in carbon tetrachloride in presence of fused sodium acetate. 

4-Chloro-3'-nitro-4'-acetamido-3-methyldiphenyl ether, obtained by chlorination of the nitro- 
compound, or by nitration of the chloro-compound in acetic acid at 80°, crystallised in lemon- 
yellow needles, m. p. 101°, from alcohol (Found: N, 8-7. C©,;H,,;0,N,Cl requires N, 8-75%). 
The base separated from methyl alcohol in bright red plates, m. p. 95° (Found: Cl, 12-75. 
C,,;H,,0O,N,Cl requires Cl, 12-75%). 

4-Chloro-3'-nitro-3-methyldiphenyl ether, obtained on deamination of the base, crystallised 
from light petroleum in pale orange needles, m. p. 57° (Found : Cl, 13-5. C,3H4gO;NCl requires 
Cl, 13-45%). 

4-Bromo-4'-nitro-3-methyldiphenyl ether, prepared by bromination of the nitro-compound 
in acetic acid, or by condensation of p-chloronitrobenzene and potassium 6-bromo-m-tolyloxide 
for 8 hours at 170°, formed flat prisms, m. p. 96°, from dilute acetic acid (Found: Br, 25-95. 
C,3H,,O,;NBr requires Br, 25-95%). 

4-Bromo-4'-nitro-3-carboxydiphenyl ether, prepared by oxidation of the nitro-compound 
with chromic acid in boiling acetic acid, crystallised in needles, m. p. 157°, from dilute acetic 
acid (Found: equiv., 335. C,;H,O,;NBr requires equiv., 338). The ethyl ester separated from 
methyl alcohol in needles, m. p. 76° (Found: Br, 21-7. C,;H,,O;NBr requires Br, 21-8%). 

4-Bromo-4'-acetamido-3-methyldiphenyl ether, obtained by reduction of the nitro-compound 
and subsequent acetylation, or by bromination of 4’-acetamido-3-methyldiphenyl ether in 
acetic acid in presence of fused sodium acetate, crystallised from methyl alcohol or dilute acetic 
acid in needles, m. p. 130° (Found: Br, 24-9. C,,H,,O,NBr requires Br, 25-0%). 

4-Bromo-3'-nitro-4'-acetamido-3-methyldiphenyl ether, prepared by the nitration of the 
bromo-compound in acetic acid at 80°, or by bromination of the nitro-compound in acetic acid 
at 15°, separated from methyl alcohol in lemon-yellow needles, m. p. 102° (Found: N, 7:8. 
C,;H,,0,N,Br requires N, 7-8%). The base formed deep red prisms, m. p. 111°, from methyl 
alcohol (Found: Br, 24-5. C,,;H,,O,;N,Br requires Br, 24-7%). 
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4-Bromo-3'-nitro-3-methyldiphenyl ether, obtained on deamination of the base, or by bromin- 
ation of 3’-nitro-3-methyldiphenyl ether, separated from light petroleum in yellow prisms, 
m. p. 59° (Found: Br, 26-1. C,,;H,O;NBr requires Br, 26-0%). 

3'-Nitro-4'-acetamido-3-methyldiphenyl ether, prepared by nitration of the acetyl derivative 
in acetic acid at 80°, crystallised from light petroleum in golden needles, m. p. 81° (Found : 
N, 9-8. C,;H,,0,N, requires N, 9-8%). The base separated from methyl alcohol in red prisms, 
m. p. 52° (Found: N, 11-4. C,3;H,,0,N, requires N, 11-5%). 

3’-Nitro-3-methyldiphenyl ether, obtained by deamination of the base, or by condensation 
of m-iodonitrobenzene and potassium m-tolyloxide in presence of copper powder at 200° for 
8 hours, solidified after distillation under diminished pressure and long standing, and then 
separated from benzene-—light petroleum in faintly yellow prisms, m. p. 47° (Found: C, 67-9; 
H, 5-0. C,,;H,,0O,N requires C, 68-1; H, 4-85%). 

3’ : 4-Dinitro-4'-acetamido-3-methyldiphenyl Ether.—4'-Acetamido-3-methyldiphenyl ether 
or its mononitration product was dissolved in nitric acid (d 1-4) and kept for 15 minutes at 
15°. The product crystallised from alcohol or dilute acetic acid in olive-yellow needles, m. p. 
144° (Found: N, 12-7. C,;H,;0,N, requires N, 12-7%). The base separated from methyl 
alcohol in orange needles, m. p. 140° (Found: N, 14-55. C,,H,,O;N, requires N, 14-6%). 

3’ : 4-Dinitro-3-methyldiphenyl ether, prepared by deamination of the base, or by condensation 
of potassium m-nitrophenoxide and 5-bromo-2-nitrotoluene for 5 hours at 170°, crystallised 
from light petroleum in orange needles, m. p. 87° (Found: N, 10-15. C,;H,,O;N, requires 
N, 10-2%). 

4 : 4'-Dinitro-3-methyldiphenyl ether, obtained when the mononitro-compound was gently 
warmed with nitric acid (d 1-4), or p-chloronitrobenzene and potassium 4-nitro-m-tolyloxide 
were condensed for 8 hours at 180°, formed yellow rhombs, m. p. 120°, from acetic acid (Found : 
N, 12-2. C,,;H,O;N, requires N, 12-2%). 

4: 4'-Dinitro-3-carboxydiphenyl ether, prepared by oxidation of the preceding ether, separated 
from dilute acetic acid in small prisms, m. p. 185° (Found: N, 9-2. C,,;H,O,N, requires N, 
9-2%). 

4’-Nitro-4-acetyl-3-methyldiphenyl ethey was obtained when a carbon disulphide solution 
of 4’-nitro-3-methyldiphenyl ether and acetyl chloride was dropped on aluminium chloride 
under the same solvent, and the reaction completed by warming. It separated from dilute 
acetic acid in needles, m. p. 88° (Found: N, 5-2. C,;H,,0,N requires N, 5-15%). 

4’-Nitvo-4-carboxy-3-methyldiphenyl ether, prepared by oxidation of the acetyl compound, 
crystallised from dilute acetic acid in rosetted needles, m. p. 204° (Found: C, 61-55; H, 4-2. 
C,,H,,0,N requires C, 61-55; H, 405%). 

4’-Nitro-4-methyldiphenyl ether, prepared by condensation of ~-chloronitrobenzene and 
potassium p-tolyloxide for 8 hours at 180°, separated from alcohol in yellow rhombs, m. p. 
68°. 

4-Nitro-4'-carboxydiphenyl ether, prepared by oxidation of the nitro-compound, crystallised 
from acetic: acid in flat plates, m. p. 245° (Found: C, 60-1; H, 3-65. C,;H,O;N requires C, 
60-25; H, 3-5%). The ethyl ester separated from methyl alcohol in needles, m. p. 78° (Found : 
N, 4:85. C,;H,,;0,;N requires N, 4-85%). 

4’-Amino-4-methyldipheny] ether, obtained by reduction of the nitro-compound, separated 
from alcohol in needles, m. p. 125°. The acetyl derivative crystallised from alcohol or benzene— 
light petroleum in needles, m. p. 135° (Found: C, 74-65; H, 6-4. C,;H,,O,N requires C, 
74-7; H, 625%). 

2-Bromo-4'-nitro-4-methyldiphenyl ether, obtained by bromination of the nitro-compound 
in acetic acid at 15°, or by condensation of -chloronitrobenzene and potassium 3-bromo-p- 
tolyloxide at 220° for 8 hours, separated from methyl alcohol in prisms, m. p. 82° (Found: Br, 
25-9. C,,;H,,O,NBr requires Br, 25-95%). 

2-Bromo-4'-nitro-4-carboxydiphenyl ether, obtained on oxidation of the preceding ether, 
crystallised from dilute acetic acid in plates, m. p. 168° (Found: Br, 23-55. C,,H,O,;NBr 
requires Br, 23-65%). The ethyl ester crystallised from methyl alcohol in needles, m. p. 119°. 

2-Bromo-4'-acetamido-4-methyldiphenyl ether, prepared by reduction of the nitro-compound 
and acetylation, separated from alcohol in needles, m. p. 142° (Found: Br, 25-1. C,;H,,O,NBr 
requires Br, 25-0%). 

2-Bromo-3'-nitro-4'-acetamido-4-methyldiphenyl ether, obtained by nitration of the preceding 
ether in acetic acid at 80°, separated from methyl alcohol in yellow needles, m. p. 98° (Found : 
Br, 22-05. C,,;H,,0,N,Br requires Br, 21-95%). The base crystallised from methyl alcohol 
in red needles, m. p. 101° (Found: Br, 24-8. C,,;H,,0O,N,Br requires Br, 24-7%). 
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2-Bromo-3'-nitro-4-methyldiphenyl ether, obtained on deamination of the base, or by con- 
densation of m-chloronitrobenzene and potassium 3-bromo-p-tolyloxide for 8 hours at 220°, 
separated from methy] alcohol in pale orange prisms, m. p. 47° (Found : Br, 26-1. C,3;H,O,;NBr 
requires Br, 26-0%). 

3-Bromo-3'-nitro-4-methyldiphenyl ether, formed by condensation of m-iodonitrobenzene 
and potassium 2-bromo-p-tolyloxide for 8 hours at 200°, separated from methyl alcohol in 
pale yellow prisms, m. p. 68° (Found: Br, 26-05. C,,H,,O,;NBr requires Br, 26-0%). 

3’-Nitro-4'-acetamido-4-methyldiphenyl ether, prepared by nitration of the acetyl derivative 
in acetic acid at 80°, crystallised from dilute methyl alcohol or light petroleum in flat golden 
needles, m. p. 95° (Found: N, 9-85. (C,;H,,O,N, requires N, 9-8%). The base separated 
from dilute methyl alcohol in red leaflets, m. p. 91° (Found: N, 11-5. C,3H,,O;N, requires 
N, 11-5%). 

3’-Nitro-4-methyldiphenyl ether was obtained, by condensation of m-iodonitrobenzene with 
potassium -tolyloxide in presence of copper powder at 170° for 12 hours, as a faintly yellow 
oil, b. p. 220°/23.am. On treatment with nitric acid (d 1-4) at 80°, it yielded a dinitro-compound, 
which crystallised from methyl alcohol or light petroleum in prisms, m. p. 86°. The same 
dinitro-compound was obtained by deamination of 3’-nitro-4’-amino-4-methyldiphenyl ether 
and nitration of the resulting oil. 

2 : 3’-Dinitro-4'-acetamido-4-methyldiphenyl ethey was obtained when finely powdered 4’- 
acetamido-4-methyldiphenyl ether was added to nitric acid (d 1-4) and kept for 15 minutes. 
The product, after extraction with boiling alcohol, crystallised from dilute acetic acid in pale 
brown needles, m. p. 134° (Found: N, 12-8. C,;H,;0,N,; requires N, 12-7%). The base 
crystallised from methyl alcohol in heavy red-brown prisms, m. p. 119° (Found: N, 14-5. 
C,,;H,,0,;N; requires N, 14-55%). 

2 : 3'-Dinitro-4-methyldiphenyl ether, obtained by deamination of the base, or by condensation 
of 4-chloro-3-nitrotoluene with potassium m-nitrophenoxide at 200° for 12 hours in presence of 
copper powder, crystallised, after distillation under diminished pressure, from methyl alcohol 
in flat prisms, m. p. 87° (Found: N, 10-25. C,3;H,)O;N, requires N, 10-2%). 

2 : 4'-Dinitro-4-methyldiphenyl ether, prepared by cautiously warming 4’-nitro-4-methy]- 
diphenyl ether with nitric acid (d 1-4), separated from alcohol in pale brown needles, m. p. 104° 
(Found: N, 10-25. C,;H,O;N, requires N, 10-2%). The same compound resulted when 
4-chloro-3-nitrotoluene was condensed with potassium -nitrophenoxide at 220° for 12 hours, 
and when 2-nitro-4-methyldiphenyl ether was further nitrated in nitric acid (d 1-4). 


One of us (J. L. S.) gratefully acknowledges his indebtedness to the Salters’ Institute of 
Industrial Chemistry for a Research Fellowship. 
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17. Structural and Stereochemical Relationships among the Disulphines 
and Diammines of Platinum and Palladium. 


By H. D. K. Drew and G. H. Wyatt. 


THE complex relationships among the disulphines and diammines of platinum and palladium 
are at present only imperfectly understood. In this paper an attempt is made to elucidate 
them (1) by examining the action of ethylene diethyl disulphide (es) and of ethylenediamine 
(en) on certain of the platinous and palladous diammines and disulphines, using the chelate 
grouping as a test of whether or not a §- or a cts-pair of positions is available in the molecule ; 
(2) by observing whether or not a depression of melting point occurs on mixing apparently 
analogous platinous and palladous disulphines, and combining the results with the available 
data on the isomorphism of certain platinous and palladous ammines. 

In the first place it is necessary to know with certainty whether or not the «- and 6-forms 
of the platinous disulphines have their pairs of sulphur atoms in corresponding positions. 
Previous work (Angell, Drew, and Wardlaw, J., 1930, 349; Drew, Preston, Wardlaw, and 
Wyatt, J., 1933, 1294) indicated that the two series of isomerides, although structurally 
different, might correspond stereochemically ;. but the latter part of this conclusion was 
dependent upon the assumption that stereochemical changes were absent during the 
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transformations cited in the evidence, a condition which it was impossible to prove. The 
results now obtained, whilst they do not conflict with any of the previous experimental 
work, lead us to believe that the «- and @-disulphines of platinum are not stereochemically 
similar, and that migrational changes of the sulphur atoms do occur when the @- are trans- 
formed into the «-platinous or -platinic disulphines. 

When aqueous ethylenediamine acts upon 8-Pt(Et,S),Cl, it gives a solution of the 
unstable ethylenediamino-disulphine, [Pt(Et,S),en]Cl,, which can be obtained in the form 
of its plato-salt; the chloride easily loses ethyl sulphide and gives ethylenediaminomono(di- 
ethylsulphine)platinous chloride, [Pt(Et,S) en Cl]Cl, which is also the main product when 
aqueous ethyl sulphide acts upon ethylenediaminoplatinous chloride; in both of these 
reactions considerable [Pt en,]Cl, occurs as a by-product. On the other hand, when 
aqueous ethylenediamine acts upon «-Pt(Et,S),Cl,, the sole product is [Pt en,]Cl,; aid 
even when less than 1 mol. of ethylenediamine is employed no mixed ethylenediamino- 
sulphine is formed. This difference of behaviour is not occasioned by any difficulty in 
substituting the halogens of an «-plato-disulphine, since it is already known that such 
substitution is effected with great ease by organic sulphides or amines of non-chelate type ; 
the difference must thus be due to a difficulty in accommodating an entering chelate 
grouping. 

It is apparent, therefore, that 6- but not a-Pt(Et,S),Cl, has an available pair of cis- 
positions, and that the formula previously proposed for the latter must be amended to (I), 
which differs both structurally and stereochemically from that of B-Pt(Et,S),Cl, (II). 


Br 
Et,S ind Cl 


Et,S 
: 4 Pt Ph Pt 
Cl SEt, Cl---Et,S ae | 
(I.) (II.) Br (III) 


If it be granted that [Pt(Et,S),en]Cl, is, like [Pt en,]Cl,, a planar substance, then it follows 
from considerations parallel to those given later under «-Pt(NHg,),Cl,, that formula (I) 
is planar. It is already known (Angell, Drew, and Wardlaw, Joc. cit.) that the same 
octahedral platinic tetrahalide, Pt(SEt,),Cl,Br,, is given by the addition of bromine to 
(I) and by the addition of chlorine to the bromide corresponding with (I). It follows that 
(III) must be the formula of the tetrahalide, which is thus symmetrical, and that the 
halogens are added to the platinous compounds in ¢rans-positions. The two 8-platinic 
tetrahalides, prepared respectively from bromine and £-Pt(Et,S),Cl, and from chlorine 
and £-Pt(Et,S),Br,, were apparently not identical, although they are so labile that no 
very decisive evidence was obtained on this point; but it was shown that each of them 
gives (III) after transformation into the «-form by heating to the m. p. or by boiling in 
certain solvents. The halogens in these labile 8-tetrahalides may or not be still associated 
with sulphur; and so, assuming that ¢rans-addition of halogen again occurs, alternative 
formule (IV) and (V) are available for the $-tetrahalide from bromine and @-Pt(Et,S),Cl,, 
and a similar pair for the other $-tetrahalide. 


Br 
Et,S_| 


sy Pt 


Either of these formule admits of transformation into (III) by the migration of one sulphine 
group into a neighbouring position, accompanied by the migration of both chlorine atoms 
in (IV) or of one in (V). Similar migrations must occur in the transformation of the 6- 
platinous disulphine dihalides into their «- isomerides. 

It has already been shown (Drew, J., 1932, 2328; Drew and Tress, J., 1933, 1335) 


Cl Cl-+-Et,S 
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that 8- but not «a-Pt(NH,),Cl, is capable of adding on a chelate diamine to form a mixed 
tetrammine. Cox (J., 1932, 1015, 1912) showed that [Pt(NH,),]Cl, was planar, and Cox 
and Preston (J., 1933, 1089) later deduced the planar structure of [Pt en,]Cl,. In agree- 
ment with these X-ray results, the isolation (Drew and Head, Nature, 1933, 132, 210) of 
cis- and trans-forms of [Pt ib,]Cl, and of [Pt am aeib]Cl, (ae = ethylamine; ib = iso- 
butylenediamine) makes it almost certain that all platinous tetrammines not containing 
constrictor groups are planar. These two sets of data enable the configuration of «- 
Pt(NH,),Cl, to be deduced with practical certainty. The addition of ethylenediamine to 
a platinous diammine dichloride may involve (1) direct replacement of the halogens by 
the nitrogen atoms of en, or (2) indirect replacement by the completion of the octahedron 
by addition of en at unoccupied cis-positions followed by ionisation of the halogens 
from platinum. If (1) be the case, it is readily seen that, since en does not become added 
to a-Pt(NH,),Cl,, the latter must be ¢vans-planar in form or else it must possess formula 
(VI); but formula (VI) cannot be true, since the addition of ammonia would then afford 
a non-planar tetrammine. If (2) be the case, then again since en is not added to 
a-Pt(NH,),Cl,, the latter must be ¢vans-planar or it must have formula (VII); but formula 
(VII) cannot be true, for it would again give a non-planar tetrammine with ammonia. 
Hence, a-Pt(NH,),Cl, must have the ¢rvans-planar structure (VIII). It follows immediately 


HN. Cl Cl-- HN Ets. Cl H.N Cl 
es al ree eS pd eS pa” 


Pt 
Cc’ NH, Cl-+- H,N~ CY XSEt, CY XNH, 
(VIII.) (IX.) (X.) (XI.) 
that 6-Pt(NH,),Cl, (IX) must be stereochemically a cis-compound, since with ammonia 
it gives the same tetrammine as its a-isomeride. 

The «- and §-platinous disulphines thus come into line, stereochemically, with the 
a- and $-platinous diammines; but the «-disulphines correspond with the a-diammines, 
and not, as was supposed by Werner and others, with the 6-diammines. The properties 
of the substances, with the single exception of their colours, amply confirm this relation- 
ship. The absence of y-disulphines corresponding with y-Pt(NH;),Cl, may perhaps be 
related to the greater mobility of halogen associated with sulphur as compared with 
nitrogen. The complete absence of transformation of the $-platinous diammines into 
their «-isomerides, and the ease with which this change takes place among the disulphines, 
has been a puzzling feature of the problem; it can only be referred to the greater repulsion 
of one sulphur atom for another or to the greater mobility of sulphur atoms as compared 
with nitrogen atoms in the neighbourhood of platinum. 

The palladous disulphines and diammines can be linked up with their platinous analogues 
from the following considerations. It is now found that admixture of Pd es Cl, (m. p. 
182°) with Pt es Cl, (m. p. 188°) produces practically no depression of m. p. These sub- 
stances are therefore almost certainly structurally and stereochemically similar. The 
action of aqueous ethylene diethyl sulphide on Pt en Cl,, or of aqueous ethylenediamine 
on Pt es Cl,, gives (ethylenediamino)ethylenediethylsulphineplatinous chloride, [Pt es en]Cl,, 
a colourless soluble substance which forms normal plato- and pallado-salts. These results 
confirm the conclusion that Pd es Cl,, Pt es Cl,, and Pt en Cl,, all of which contain their 
sulphur or nitrogen atoms in the form of chelate groups, correspond stereochemically as 
regards the disposition of these atoms; but they do not show whether or not Pt en Cl, 
corresponds structurally with Pdes Cl, and PtesCl,. Although Pden Cl, and Pt en Cl, 
have not been shown to be isomorphous, yet they are so closely similar in general properties 
that they are probably akin both structurally and stereochemically, despite the fact 
that the tetrammines derived from them, e¢.g., [Pd en,]Cl, and [Pt en,]Cl,, behave quite 
differently towards hydrochloric acid (Drew, Pinkard, Preston, and Wardlaw, J., 1932, 
1895; Drew, Joc. cit.). These tetrammines are themselves isomorphous (Cox and Preston, 
loc. cit.), and therefore the difference in their behaviour must be connected with the metallic 
atoms themselves, possibly through their influence upon the manner in which the kationic 


charges are distributed. 
The m. p.’s of a- and B-Pt(Et,S),Cl, are almost identical (ca. 106°), but admixture is 
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known to produce a large depression ; it is now found that the m. p. (83°) of the only known 
form of Pd(Et,S),Cl, is greatly depressed by admixture with 8-Pt( (Et,S),Cl, but practically 
not at all by admixture with the «-isomeride, with which the palladous compound is 
isomorphous (Ardell, Z. anorg. Chem., 1897, 14, 143). Hence it must be concluded that 
Pd(Et,S),Cl, corresponds structurally and stereochemically with «-Pt(Et,S),Cl, and has 
thus the ¢vans-planar formula (X). 

There is no evidence to show that the only known form of Pd(NH;),Cl, is isomorphous 
with «-, B-, or y-Pt(NH,),Cl,. The mixed tetrammine, [Pd(NHj),en}Cl,, is not obtained 
by the action of ethylenediamine on Pd(NH,),Cl,, but only by that of ammonia on 
Pd en Cl,; with hydrochloric acid, this tetrammine gives both Pd en Cl, and Pd(NHs),Cl,. 
We consider that Pd(NH,),Cl, should be assigned the ¢vans-planar formula (XI), which 
reflects its correspondence with «-Pt(NH,),Cl, in general physical properties and also its 
behaviour towards chelate groups. The decomposition of the mixed tetrammine probably 
yields initially the unknown labile $-form of Pd(NHj),Cl,, which at once changes into 
the «-isomeride. The formation of [Pd(NH,),]PdCl, from potassium chloropalladite and 
ammonia can be accounted for by assuming that the labile 8-diammine interacts rapidly 
with ammonia. 

That there is uncertainty as to whether the chlorine atoms in Pt en Cl, are attached 
to nitrogen or to platinum, owing to the considerable difference in chemical behaviour 
between this substance and 6-Pt(NH,),Cl, (IX), has already been pointed out (Drew and 
Tress, loc. cit.). The absence of the 6- and the y-form of Pd(NHj,),Cl, points, however, 
to a direct attachment between chlorine and palladium, and therefore ‘the following pro- 
visional formule are proposed for the crystalline chelate platinous and palladous di- 
sulphines (XII and XIII) and diammines (XIV and XV): 


AB Al /Bty, ax NEN Al 


C,H C,H C 
-NsEx*~ Nol” “NsEt*® Nal” SNNHZ a ice “\NH,7 “Ac 
(XIL.) (XIII) (XIV.) (XV.) 


At the same time, aqueous solutions of (XII) and (XIII) probably contain a proportion 
of the ionised forms in which the positive charges have become transferred to the sulphur 
atoms. 

It will be seen that the palladous disulphines and diammines always occur in «-forms 
except when they are unable to assume this configuration owing to the presence of chelate 
groups. This accounts for the fact that only one form of a palladous compound is ever 
found. 

It is well known that an excess of aqueous ethyl sulphide leads to the conversion of 
a-Pt(Et,S),Cl, into its 8-isomeride, a reaction which appears to be general for plato- 
disulphines of this type. The change probably occurs through the unstable tetrasulphine, 
[Pt(Et,S),]Cl,, which loses 2 mols. of ethyl sulphide from cis-positions; this tetrasulphine 
is known only in aqueous solution in presence of excess of ethyl sulphide, and its plato- 
salt is unstable, but the corresponding methyl derivative can be isolated in the form of its 
moderately stable pink plato-salt. It is now found that when [Pt es en]}Cl, is heated with 
dilute hydrochloric acid, it loses ethylenediamine and is converted wholly into Pt es Cl, ; 
1.€., groups are again eliminated from cis-positions, and moreover, the residue which 
might be expected to be the more firmly attached is expelled. The most satisfactory 
way of accounting for this change seems to be to assume that the positive charges are 
here located upon the nitrogen atoms. To obtain further evidence, we compared the 
action of boiling water and of hydrochloric acid upon [Pt es en]Cl, and upon its plato- 
and pallado-salts. Although this substance is stable to boiling water, the salts are de- 
composed respectively into (1) Pt en Cl, and Ptes(Cl,, and (2) Pt en Cl, and Pdes Cl,. 
On keeping, the dry plato-salt soon decomposes in the same manner, but the pallado-salt 
is much more stable. With hydrochloric acid, the plato-salt gives the same products but 
the pallado-salt decomposes in the sense of affording Pt es Cl, and Pden Cl, the latter 
being obtained as (en H,)PdCl, on account of its known instability to acids. These results 
can be interpreted if it be assumed that in its plato- and pallado-salts also the [Pt es en] 
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kation has the positive charges on the nitrogen atoms, it being therefore the ethylene- 
diamino-radical which is eliminated by hydrochloric acid. With hot water, the 
decomposition of the salts is thermal, and the more loosely bound disulphine residue is 
removed and then reacts with the anion in the normal manner. 

Cox and Preston (loc. cit.) have criticised our view that the elimination of groups from 
the tetrammines by hydrochloric acid is controlled by the manner of location of the positive 
charges which produces an apparent pairing of valencies, on the ground that no such 
phenomenon has been noted among the cobaltammines. Further examination, however, 
may disclose the phenomenon now the possibility is indicated. These authors also state 
that a pairing of trans-valencies occurs in «- and B-Pt(NH,),Cl,, where ions are presumed 
to be absent. It is difficult to imagine a pairing of bonds of different kinds (to NH, and 
to Cl respectively) on the lines laid down by Cox and Preston, such as must occur if their 
deduction regarding @-Pt(NH,),Cl, is correct. Their theory appears inadequate to ex- 
plain the cis-elimination which occurs in the pallado-tetrammines, in [Pt es en]Cl,, and 
to some extent even in [Pt en,]Cl, and the like. 

The plato-salt [Pt(Et,S),en]PtCl, decomposes when boiled with water, giving 
[Pt(Et,S)enCIJCl, Pt en Cl,, Pt(Et,S)Cl,, and Pt(Et,S),Cl,. The plato-salt of the first 
of these products is a somewhat soluble pink substance, obtained as the monohydrate; 
when kept or when boiled with water, it changes into a mixture of [Pt(Et,S)enClJCl, 
Pt en Cl,, Pt(Et,S)Cl,, and some Pt(Et,S),Cl,. In the cases of both of the above plato- 
salts it is clear that the ethyl sulphide residues are loosely held and that they interact 
with the anions of the salts. 

We attempted to examine the action of sulphides on palladous diammines and di- 
sulphines, and of amines on palladous disulphines, but the ease with which groups co- 
ordinated to palladium are exchanged or eliminated makes it difficult to interpret the 
results. We have not been able to isolate any mixed diammino-disulphines or tetra- 
sulphines of palladium, these compounds being less stable than the palladous tetrammines. 
The most interesting result was obtained in the action of ethyl sulphide on Pd en Cl,, 
which ultimately gave Pd(Et,S),Cl, and [Pden,]Cl,. Here it is probable that the first 
product is the unstable [Pd(Et,S),en]Cl,, which is rearranged to a mixture of [Pd en,]Cl, 
and the unstable [Pd(Et,S),]Cl,, the latter at once losing 2 mols. of ethyl sulphide to give 
Pd(Et,S),Cl,; the pallado-disulphine proved to be the ordinary substance and not the 
unknown 6-disulphine. This 6-form would be expected from a tetrasulphine particularly 
in the case of palladium, since that element favours cis-elimination. It seems, therefore, 
that the non-chelated @-pallado-disulphines are labile, as we have supposed to be the 
case with the non-chelated {-pallado-diammines. 


EXPERIMENTAL. 
(es = SEt-CH,°CH,’SEt; en = NH,°CH,°CH,*NH,.) 


(Ethylenediamino)ethylenediethyldisulphineplatinous Chloride, [Pt es en]Cl,.—(a) Ptes Cl, is 
dissolved in a slight excess of aqueous ethylenediamine at room temperature (1 day) or on the 
water-bath (in both cases there is some displacement of the disulphide, especially at the higher 
temperature); the colourless solution is evaporated in a current of air at room temperature, 
and the residue recrystallised from ethyl alcohol (99%), in which the by-product, [Pt en,]Cl, 
(Found: Pt, 50-8. Calc.: Pt, 50-5%), is insoluble. (6) PtenCl, is dissolved in aqueous 
ethylene diethyl disulphide on the water-bath (2 hrs.) and the above procedure is followed. 
The substance was usually obtained as the monohydrate, in the form of colourless plates, very 
soluble in water, insoluble in chloroform, and soluble in cold alcohol (96%) (Found: Pt, 39-5; 
39-75; C, 19-6; H, 4:8. C,H,,ON,CI1,S,Pt requires Pt, 39-5; C, 19-5; H, 49%). On one 
occasion the anhydrous substance was obtained (Found: Pt, 41-2. C,H,,N,Cl,S,Pt requires 
Pt, 40-95%). The dry solid became yellow at 130°; the aqueous solution is unchanged by 
boiling (} hr.). Warm dilute hydrochloric acid dissolves it, giving ethylenediamine hydro- 
chloride and Ptes Cl, (Found: Pt, 46-75, 46-5. Calc.: Pt, 46-95%); no ethylene diethyl 
disulphide is set free in this reaction. With aqueous potassium chloroplatinite it forms a 
plato-salt, [Ptesen]PtCl,, consisting of minute salmon-pink needles (Found: Pt, 52-75. 
C,H,,N,Cl,S,Pt, requires Pt, 52-55%). The plato-salt is decomposed on being warmed with 
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aqueous solvents, or in the dry state at about 130°; it is insoluble in organic solvents. With 
aqueous tetramminoplatinous chloride it gives Magnus’s green salt on warming. It gives a red- 
brown coloration with phenoxtellurine dibisulphate. When boiled with water it gives a mixture 
of Pt es Cl, and Pt en Cl, in approximately equimolecular proportion. A similar reaction occurs 
with boiling dilute hydrochloric acid. 

With aqueous potassium chloropalladite, [Pt es en]Cl, gives a pallado-salt, [Pt es en]PdCl,, in 
minute orange-brown crystals (Found: C, 14-65; H, 3-6; Pt + Pd, 46-4. C,H,,N,Cl,S,PtPd 
requires C, 14-7; H, 3-4; Pt + Pd, 46-2%). This resembles the plato-salt in general properties. 
It dissolves in hot water, the yellow solution giving Pd es Cl,, m. p. 183° (Found : Pd, 32-8, 32-3. 
Calc.: Pd, 32-55%) (which was extracted by chloroform), and PtenCl, (Found: Pt, 59-7. 
Calc.: Pt, 59-8%) in approximately equimolecular proportion. When the pallado-salt was 
boiled with aqueous hydrochloric acid (16%), however, it gave Ptes Cl, (Found: Pt, 47-2. 
Calc.: Pt, 46-95%), which separated on cooling; the red mother-liquor on evaporation gave 
(en H,)PdCl, in deep-red square prisms with blue reflex (Found : Pd, 33-8. Calc. : Pd, 34-35%), 
which could be recrystallised from concentrated hydrochloric acid but gave Pd en Cl, on being 
warmed with water (cf. Kurnakow and Gwosdarew, Z. anorg. Chem., 1900, 22, 385). A portion 
of the above red mother-liquor was shown to be free from chloroplatinite ions by addition of 
aqueous [Pt(NH,),}Cl,, which gave no Magnus’s green salt but produced only the pallado-salt, 
[Pt(NH;),]PdCl,,4H,O, in the characteristic glistening lilac-grey plates (Found: Pd + Pt, 
57-95. Calc.: Pd + Pt, 57-95%). 

Ethylenediaminomono(diethylsulphine) platinous Chloride, [Pt(Et,S)enCl}Cl.— (a) 
8-Pt(Et,S),Cl, was dissolved in aqueous ethylenediamine at room temperature (2 hrs.); the 
colourless solution contains the unstable [Pt(Et,S),en]Cl,, since if treated with aqueous potass- 
ium chloroplatinite it gives the plato-salt of that substance (see later); the solution is evaporated 
at room temperature over phosphoric oxide, whereupon ethyl sulphide is liberated, and the 
white residue, consisting of [Pt(Et,S)enCI]Cl and some [Pt en,]Cl,, is crystallised from alcohol 
(99%), in which the latter is insoluble. (6) Pt en Cl, is dissolved in aqueous ethyl sulphide on 
the water-bath ($ hr.); the yellow solution, which contains both [Pt(Et,S)enCl]Cl and 
[Pt en,jCl,, as well as a little PtenCl,, but not [Pt(Et,S),en]Cl,, is treated as above. The 
chloride forms colourless pearly hexagonal plates from alcohol (Found: C, 17-5; H, 4:5; Pt, 
46-8, 47-0, 46-7. C,H,,N,Cl,SPt requires C, 17-3; H, 4-35; Pt, 46-9%); it is readily soluble 
in cold water, the solution giving an immediate precipitate with silver nitrate. Cold concen- 
trated solutions give with potassium chloroplatinite a pale pink precipitate of the plaio-salt, 
[Pt(Et,S)enCl],PtCl, as glistening square plates of the monohydrate (Found: Pt, 52-5, 52-6. 
C,,H;,N,C1,OS,Pt, requires Pt, 52-4%). It decomposes on keeping, or more rapidly on boiling 
with water. It then gives a red solution, which rapidly turns yellow, and a yellow solid separates. 
The mother-liquor on evaporation gave [Pt(Et,S)enCl]Cl, crystallised from alcohol (99%) and 
identified by crystal form and behaviour towards chloroplatinite. The yellow solid was a 
mixture of Pt(Et,S),Cl,, Pt(Et,S)Cl,, and PtenCl,. Chloroform dissolved the first (Found : 
Pt, 44-4. Calc.: Pt, 43-7%), evaporation giving the solid, m. p. 76—78°, i.e., mixed «- and 
8-forms. Hot very dilute hydrochloric acid dissolved the Pt en Cl,, which was deposited on 
cooling (Found : Pt, 59-9. Calc.: Pt, 59-8%). The remaining insoluble substance was amorphous 
Pt(Et,S)Cl, (Found: Pt, 54-3. Calc.: Pt, 54:8%). [Pt(Et,S)enCl]Cl gave no precipitate with 
potassium chloroplatinite at room temperature but on warming there was produced a yellow 
precipitate. This was separated as above into Pt(Et,S),Cl,, Pt(Et,S)Cl,, and Pt en Cl,. 

Ethylenediaminobis(diethylsulphine)platinous chloroplatinite, [Pt(Et,S),en]PtCl,, was pre- 
pared asabove. It forms brick-red square prisms. It was dried over phosphoric oxide (the crystals 
fell to powder) and extracted with chloroform to remove any admixed Pt(Et,S),Cl,; it cannot 
be recrystallised. With aqueous [Pt(NH,),]Cl, its suspension in water at once gives Magnus’s 
green salt. Phenoxtellurine dibisulphate gives with it an intense violet coloration. It is 
soluble in hot water but the solution rapidly becomes yellow, depositing yellow material on 
cooling; this product was seen to consist of pale yellow granules and deep yellow prisms, and 
these were separated by flotation of the former in chloroform (or, in another experiment, by 
extracting the prisms with boiling very dilute hydrochloric acid) ; the prisms were recrystallised 
from much water and were then found to consist of Pt en Cl, (Found: Pt, 59-3, 59-8. Calc. : 
Pt, 59-8%); the lighter material was insoluble in water and consisted of Pt(Et,S)Cl, (Found : 
Pt, 54-7, 54:7. Calc.: Pt, 548%); the chloroform on evaporation yielded Pt(Et,S),Cl,, m. p. 
68—70°, i.e., mixed a- and $-forms (Found: Pt, 44-5. Calc.: Pt, 43-7%); the first mother- 
liquor (above) was evaporated and found to contain [Pt(Et,S)enCl]Cl, which was isolated as 
hexagonal plates (Found: Pt, 46-2. Calc.: Pt, 46-9%). 
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Action of Ethyl Sulphide, Ethylene Diethyl Disulphide, or Ethylenediamine on Palladous 
Diammines and Disulphines——The following is a summary of preliminary results. The 
diammine or disulphine was usually shaken at room temperature in aqueous suspension 
with a slight excess over the calculated quantity of sulphide or amine; the filtered solution was 
then evaporated in a desiccator, and the residue examined. The products were identified by 
m, p. and mixed m. p., where possible; by analysis; and by examination of properties. 

Et,S and Pd en Cl, gave [Pd en,]Cl, and Pd(Et,S),Cl, ; 

es and PdenCl, gave Pd es Cl, and unchanged Pd en Cl,; 

es and Pd(NH;,),Cl, gave Pdes Cl, and [Pd(NH;),]Cl, ; 

es and Pd(Et,S),Cl, gave Pd es Cl, and Pd(Et,S),Cl, ; 

en and Pdes Cl, gave [Pd en,]Cl, and unchanged Pd es Cl,. 
The results afford no definite indication of the mechanism of reaction, but they illustrate the 
survival of the more stable palladous tetrammines under conditions in which the mixed di- 
sulphinediammines and tetrasulphines are spontaneously broken down. 


SUMMARY. 


(1) The previous view of Angell, Drew, and Wardlaw on the relationship between 
the «- and @-disulphines of platinum is revised, it being now evident that migratory change 
occurs in the transformation 8- ——-> «-disulphine. 

(2) The «-disulphines of platinum are shown to be ¢vans-planar forms and to correspond 
stereochemically and structurally with the «-diammines, and not with the @-diammines 
as was supposed by Werner. 

(3) The 6-disulphines of platinum are cis-compounds corresponding stereochemically 
and structurally with the @-diammines of platinum; two structural types appear to be 
possible. 

(4) The disulphines and diammines of palladium, which occur in only one form, corre- 
spond with the a-forms of their platinum analogues unless a chelate group is present, in 
which case they correspond with the 8-forms of the platinum analogues. 


We thank H.M. Department of Scientific and Industrial Research for a grant in aid of the 
work, and the Chemical Society and Messrs. The Mond Nickel Co. for the loan of platinum. 


East Lonpon COLLEGE, UNIVERSITY OF LONDON. (Received, November 30th, 1933.] 





18. Ascorbic Acid and Synthetic Analogues. 


By D. K. Barrp, W. N. Hawortu, R. W. HERBERT, E. L. Hirst, F. Smit, 
and M. STACEY. 


By methods similar to those we have already employed in the synthesis of d- and /-ascorbic 
acid we have now prepared synthetic specimens of analogues by ascending the series from 
arabinosone and galactosone. Each of the latter when placed in contact with potassium 
cyanide and calcium chloride in aqueous solution gives rise to a y%-product analogous to 
y-ascorbic acid, and conversion into the true ascorbic acid type is effected by digestion 
with aqueous hydrochloric acid. These two new products may be described as 3-heto-l- 
glucofuranolactone and 3-keto-d-galactoheptonofuranolactone respectively. In view of the 
expanding nomenclature of substances of this type we propose, however, to describe for 
the time being the product from arabinosone as arabo-ascorbic acid and that from galacto- 
sone as galacto-ascorbic acid. These terms suggest more readily the relationship to ascorbic 
acid and also to the osones from which they are synthetically derived. The new products 
are being submitted to physiological tests. 

We have also described improved methods for the preparation of gluco-ascorbic acid 
(3-keto-d-glucoheptonofuranolactone), the synthesis of which was outlined in our earlier 
paper (J., 1933, 1422). We have, however, to correct the signs given in the earlier paper 
of the rotation value which, by a typographical error, was expressed as positive instead 
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of negative. These should read [a]!%,, —14° (in water; c, 1), and —22° (in methyl alcohol) 
respectively. 

The same substance has also been obtained by an alternative method. We submitted 
lactosone to the above reagents and obtained in solution y-lacto-ascorbic acid. Under 
the conditions we employed for the conversion of this substance into the true ascorbic 
acid type the galactose residue underwent scission and we isolated again the crystalline 
gluco-ascorbic acid. Similarly we have obtained the corresponding -malto-ascorbic 
acid. 

The properties of these synthetic analogues of ascorbic acid resemble very closely 
those of ascorbic acid itself. They readily undergo oxidation with aqueous iodine and 
have the reducing properties and colour reactions associated with the first member of 
the series. Details are given in the experimental section. 

The absorption spectra of these substances have been measured in dilute and in con- 
centrated solution by means of a Hilger Spekker Photometer. In view of the greater 
accuracy obtainable with this instrument, especially with solutions very liable to oxidation, 
the absorption spectra of d- and /-ascorbic acid have been redetermined. The new values 
of the molecular extinction coefficient are very little different from the approximate 
values we have already published (J., 1933, 1270). All the substances, excluding the 
y-compounds, show in dilute aqueous solution (2 g. per 100 c.c.) an intense band at 1265 mu. 
In more concentrated aqueous solution the band is at 1240—245 my and the neutral 
sodium salts of the acids have a band at 4265 my. In all cases log ¢ is very close to 4-0. 

A comparison of the rotation values shown by xylo-, arabo-, gluco-, and galacto- 
ascorbic acids indicates that in those cases where, as in the Fischer projection formula, 
the hydroxyl group attached to the fourth carbon atom is on the right, the sodium salt is 
much more dextrorotatory than the acid and vice versa. 

The extraordinary rotational behaviour of /-arabo-ascorbic acid after oxidation with 
iodine runs parallel with that of /-ascorbic acid (J., 1933, 1270). In /-arabo-ascorbic acid 
the hydroxyl group is on the left and during the formation of the primary oxidation product 
the rotation moves in the negative direction. Mutarotation then proceeds and after 90 
hours a constant small positive rotation is observed. On neutralisation the sodium salt 
of the oxidation product has a strong positive rotation. 

From the properties of the above /-arabo-ascorbic acid it emerges that the synthetic 
product isolated by Maurer and Schiedt (Ber., 1933, 66, 1054) by interconversion of 2-keto- 
gluconic acid is actually the d-arabo-ascorbic acid. These authors ascribed to it the furan 
type of structure originally suggested by Micheel and Kraft (Z. physiol. Chem., 1933, 215, 
215; compare Reichstein, Griissner, and Oppenauer, Helv. Chim. Acta, 1933, 16, 1019) for 
ascorbic acid, but this should now be brought into line with the formula we have assigned 
(J., 1933, 1270). 

EXPERIMENTAL. 


d-Gluco-ascorbic Acid (3-Keto-d-glucoheptonofuranolactone).—The following is an improved 
method for the preparation of this substance. d-Glucosone (1 g.) is allowed to react in oxygen- 
free aqueous solution with potassium cyanide (0-8 g.) and calcium chloride (1 g.). The reaction 
is complete in about 10 minutes. The calcium is removed as oxalate, and the solution made 
slightly acid with acetic acid and concentrated to small volume (diminished pressure; atmos- 
phere of carbon dioxide). If any precipitate forms at this stage, a sample of the solid is titrated 
against acid iodine. If it shows no activity, it is discarded. If active, it is added to the precipi- 
tate obtained on the addition of alcohol to the aqueous portion. The solids, which contain 
0-8 g. of active material, are dissolved in 8% ethyl-alcoholic hydrogen chloride (20 c.c.), to 
which some water (5 c.c.) is added. The mixture is warmed to 50°, filtered to remove inorganic 
impurities, and then kept at 50° for 24 hours. The reaction is complete when the head of the 
absorption band, originally at 1275 mu, has become stationary at 1245 my. A slight excess 
of alcoholic lead acetate is now added and the precipitate (which must contain no active organic 
material) is separated as quickly as possible on the centrifuge (nitrogen atmiosphere). Some 
water is added to the clear solution and the dissolved lead is removed as sulphide. The filtrate 
is concentrated at 35° to a thin syrup (diminished pressure; atmosphere of carbon dioxide). 
By the careful addition of acetone at 0° (about 200 c.c., added at intervals of 45 minutes in 
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4 portions of 50 c.c. each) inorganic impurities can be precipitated in a crystalline condition. 
The clear solution is concentrated to a syrup, which is dissolved in acetone containing a little 
water. On addition of ether the remaining inorganic impurities together with a little syrup 
of negligible activity are precipitated. The decanted colourless solution on evaporation gives 
a solid mass of crystals of gluco-ascorbic acid (0-5 g.). The product is usually analytically 
pure after being washed with dry acetone, but may be recrystallised if necessary from acetone— 
methyl alcohol—light petroleum. The crystals thus obtained (clusters of rods with pointed 
ends) consist of the monohydrate of d-gluco-ascorbic acid, m. p. 138° after sintering at 128°, 
[a] —14° in water (c, 1-0 as hydrate); —22° in methyl alcohol (c, 1-0 as hydrate). The 
sodium salt of gluco-ascorbic acid had [«]?” —80° in neutral aqueous solution (c, 0-75). Hydr- 
ated d-gluco-ascorbic acid (100 mg.) required for neutralisation 4-45 c.c. N/10-sodium hydroxide 
(calc., 4-47 c.c.) and in acid solution reacted with 8-9 c.c. N/10-iodine (calc., 8-9 c.c.) (Found : 
C, 37-2; H, 5-4. Calc. for C,H,,0,,H,O: C, 37-5; H, 5-4%). 

When the substance is heated below the m. p., the water of crystallisation is lost and the 
product, m. p. 191° (decomp.), previously described is obtained. d-Gluco-ascorbic acid 
possesses very strong reducing properties and in many ways closely resembles natural 
ascorbic acid. For example, after oxidation of a sample with acid iodine, neutralisation 
of the solution, and immediate re-acidification with acetic acid, the product reacted with phenyl- 
hydrazine (2 mols.), giving a compound which crystallised from alcohol in yellow needles, m. p. 
222° (Found: C, 59-4; H, 5-2; N, 14-6. C,,H,,O,N, requires C, 59-4; H, 5-2; N, 14-6%). 
This substance corresponds to the yellow osazone, m. p. 210°, obtainable under similar conditions 
from ascorbic acid. 

1-Arabo-ascorbic Acid (3-Keto-l-gluconofuranolactone).—(1) Preparation of 1-arabinosazone. 
To a solution of arabinose (10 g.) in water (200 c.c.) and glacial acetic acid (60 c.c.), phenyl- 
hydrazine (18 g.) was added. The solution was heated at 75° until a dark red colour developed. 
It was then cooled quickly, whereupon the osazone crystallised and the contents of the flask 
set to a semi-solid mass. After addition of a little water (20 c.c.) the mixture was cooled to 
— 5° and filtered. The product was washed with dilute acetic acid and water until the washings 
were colourless. Yield, 12 g. Arabinosazone prepared in this way can be dried without 
decomposition. (2) Avabinosone. This can be prepared either by Fischer’s method (Ber., 
1889, 22, 87) or by treatment of arabinosazone (brought into solution in water by addition of 
sufficient alcohol and acetic acid; compare Reichstein, Griissner, and Oppenauer, /oc. cit.) with 
benzaldehyde at 90—95° (vigorous stirring; atmosphere of nitrogen). The precipitated 
benzaldehydephenylhydrazone was filtered off, and the solution extracted with ether, 
concentrated to small volume (600 c.c. for each 100 g. of osazone used), and again extracted 
with ether, the extraction being repeated until the ethereal layer remained colourless. The 
aqueous portion now contained about 8 g. of arabinosone for each 100 g. of original osazone. 
(3) 4-l-Avabo-ascorbic acid. The above solution of arabinosone (8 g.) was neutralised with 
ammonia and treated with potassium cyanide (7 g.) and calcium chloride (9-5 g.). Titration 
of a sample indicated the formation of 7 g. of y-arabo-ascorbic acid (absorption band at A275 mu 
in acid or neutral solution). The y-arabo-ascorbic acid was converted into arabo-ascorbic acid 
(absorption band at 4245 my in acid solution) by the method already described for the transform- 
ation of y-ascorbic acid into ascorbic acid. In the present instance the conversion required 
48 hours’ treatment with 8% aqueous hydrochloric acid [active material (by iodine titration) 
at this stage, 5-0 g.]. The isolation of the arabo-ascorbic acid was carried out as follows. 
The hydrochloric acid was removed by addition of lead acetate (not basic) in slight excess. 
The lead chloride was collected on the centrifuge (nitrogen atmosphere), and the dissolved 
lead was removed as sulphide. The solution was then concentrated to a thin syrup under 
diminished pressure (atmosphere of carbon dioxide). Addition of alcohol served to precipitate 
most of the inorganic impurities. The solution was concentrated to half volume, and more 
inorganic material precipitated by the addition of a large volume of acetone. The decanted 
clear solution was concentrated at 30° under diminished pressure, the pale brown syrup (con- 
taining 4 g. of active material) dissolved in water (100 c.c., oxygen-free), and the solution 
extracted with ether. A saturated solution of basic lead acetate (about 5 c.c.) was then added 
until a faint permanent precipitate (chiefly lead chloride) remained. The filtered solution 
was treated with an excess of basic lead acetate until only a negligible amount of active material 
remained in solution (at this stage the solution was slightly alkaline). The curdy white precipi- 
tate was separated immediately on the centrifuge (nitrogen atmosphere essential). (If this 
operation is delayed the product is contaminated by an inactive precipitate which forms more 
slowly than the highly characteristic curdy precipitate just mentioned.) The lead complex 





Ascorbic Acid and Synthetic Analogues. 65 


was suspended in water (oxygen-free), and the lead removed as sulphate. Any excess of 
sulphuric acid was removed by careful addition of a very slight excess of neutral lead acetate. 
After filtration the small quantity of lead still in solution was removed as sulphide. The solution 
was concentrated (atmosphere of carbon dioxide) and the treatment with acetone and ether 
described above was repeated. Evaporation of the final acetone—ether solution left l-arabo- 
ascorbic acid as a crystalline mass which gave, on recrystallisation from acetone—methyl alcohol— 
light petroleum, small prisms (2 g.), m. p. 168° (with evolution of gas; decomp. with blackening 
at 190°), [a]? + 19° in water (c, 0-9), + 17° in methyl alcohol (c, 0-6). Rotation of sodium 
salt, [«]?” — 94° in neutral aqueous solution (c, 0-7). 100 Mg. of /-arabo-ascorbic acid required 
5-65 c.c. N/10-sodium hydroxide for neutralisation (calc., 5-7 c.c.) and reacted with 11-4 c.c. 
N/10-iodine. in acid solution (calc., 11-4 c.c.) (Found: C, 40-8; H, 4-7. C,H,O, requires 
C, 40-9; H, 4-6%). 

The primary oxidation product of /-arabo-ascorbic acid showed [«]?” — 100° (observed in 
presence of hydriodic acid immediately after oxidation with iodine) : —92° (30 mins.); —85° 
(1 hr.); —78° (2 hrs.); —63° (5 hrs.); —56° (7 hrs.); —32° (18 hrs.); —23° (24 hrs.); —15° 
(30 hrs.); —1° (45 hrs.); + 4° (55 hrs.); + 12° (90 hrs., constant value). At this stage the 
solution on neutralisation with sodium hydroxide behaved as a free acid. [a]? of sodium 
salt + 70° (approx.) in aqueous solution immediately after neutralisation. The behaviour is 
analogous with that of /-ascorbic acid. 

d-Galacto-ascorbic Acid (3-Keto-d-galacto-heptonofuranolactone).—d-Galactosazone was pre- 
pared by the method given under /-arabinosazone. From this, galactosone (in aqueous solution) 
was prepared, both by Fischer’s method using hydrochloric acid and by the benzaldehyde 
method described above, the yield in the latter reaction being superior. The conversion of 
the d-galactosone into d-galacto-ascorbic acid was carried out by the method given for the 
preparation of /-arabo-ascorbic acid. Attention should be paid to the following particulars. 
The y-compound, which shows the usual absorption band at 1275 my, is converted into galacto- 
ascorbic acid by heating for 24 hours at 50° in 8% aqueous hydrochloric acid, the course of 
the reaction being followed spectrophotometrically. At the final stage of the isolation process 
a clear but viscid syrup is obtained. This crystallises readily on trituration with a small 
quantity of water, giving the monohydrate of d-galacto-ascorbic acid, m. p. 109° (with evolution 
of gas; blackening at 190°). This is usually pure, but may be recrystallised if necessary from 
acetone—methyl alcohol—light petroleum. The m. p. remains unaltered (yields : 33 g. of galactos- 
azone gave 4 g. of the ¥-compound, from which 2-5 g. of galacto-ascorbic acid were obtained in 
solution. The final yield of crystalline material was 1-7 g.). The acid is soluble in water and 
methyl alcohol, less soluble in acetone and ethyl alcohol, and almost insoluble in ether and 
light petroleum. In water and methyl alcohol the substance showed no appreciable optical 
rotatory power. The sodium salt had [«]?” — 77° in neutral aqueous solution (c, 0-7). 100 Mg. 
of the monohydrate required 4-45 c.c. N/10-sodium hydroxide for neutralisation (calc., 4-47 c.c.) 
and reacted with 8-8 c.c. N/10-iodine in acid solution (calc., 8-9 c.c.) (Found: C, 37-4; H, 5-4. 
C,H,,0,,H,O requires C, 37-5; H, 5-4%). 

y-Lacto-ascorbic Acid.—An aqueous solution of lactosone was prepared from lactosazone 
by treatment of the latter with benzaldehyde (see above). The reaction between lactosone 
and potassium cyanide in the presence of calcium chloride took the normal course and from 
80 g. of lactose the yield of y-lacto-ascorbic acid was 12 g. (estimated by titration with acid 
iodine and spectrophotometrically from the intensity of the absorption band at A275 my). 
The calcium was precipitated quantitatively as oxalate, and the solution rendered slightly 
acid with acetic acid and concentrated. On addition of alcohol a crystalline precipitate was 
obtained, consisting of y-lacto-ascorbic acid, the ammonium and potassium salts, together 
with other impurities. Considerable purification was effected by fractional precipitation 
from aqueous alcohol, but owing to the unfavourable solubilities of both the free ¥-lacto- 
ascorbic acid and the salts it has not been possible up to the present to obtain a product com- 
pletely free from mineral impurities. y-Lacto-ascorbic acid behaves similarly to the ¥-com- 
pounds mentioned above. It is very strongly reducing, reacts with two atomic proportions 
of iodine in acid solution, and has an intense absorption band at (275 my in acid solution. 
Neutral aqueous solutions show a similar band at the same wave-length. On treatment of 
the ¥-compound with 8% aqueous hydrochloric acid at 50° hydrolysis of the glucosidic biose 
link occurred simultaneously with the transformation of the y-compound. The crystalline 
product, which was isolated by the method described under galacto-ascorbic acid, was the 
monohydrate of d-gluco-ascorbic acid, m. p. 138°, alone or when mixed with an authentic 
sample (100 mg. required 4-47 c.c. N/10-iodine in acid solution. Calc., 4-47 c.c.). Yield, 2 g. 


F 
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from 50 g. of lactose. Owing to the high yields of lactosazone and lactosone obtainable from 
lactose, this method compares favourably with the direct method already described for the 
production of d-gluco-ascorbic acid. 

Similar experiments with maltosone (prepared in aqueous solution by Fischer and 
Armstrong’s method, Ber., 1902, 35, 3141) gave quantitative yields of ¥-malto-ascorbic acid 
(absorption band in acid solution at 275 my). This substance reacted with acid iodine (2 
atomic proportions) in the usual way (yield, 20 g. from 100 g. of maltose). The chemical and 
physical properties and molecular structure of the y-acids are now being investigated in detail. 

Absorption Spectra of Ascorbic Acid and of Analogues of Ascorbic Acid.—Extremely dilute 
solutions (c, 0-002) of these substances are unstable (decomposition by oxidation) and the use 
of the Spekker photometer is particularly advantageous in that a complete record of the absorp- 
tion spectrum is obtainable within a few seconds after dissolution of the substance. We have 
re-determined the absorption spectra of ascorbic acid under various conditions with this instru- 
ment. The characteristic shape of the absorption band and the value of 4 at the head of the 
band remain as before, but we now find that, for solutions of ascorbic acid containing 2 mg. per 
100 c.c, measured in a 1 cm. cell, the value of log J,/J is 1-0—1-05, equally for alcoholic, aqueous, 
or acidified aqueous solutions of ascorbicacid. The value of log J,/J for neutral aqueous solution 
of the sodium salt of the same concentration is 1-10 (the values previously given for log J,/J, 
measured with a sector photometer, ranged from 0-9 to 0-95). The various measurements are 


summarised in the following table. 

A at head 

of band Log /,/I 
(mp). (1, 1 cm.). Loge. 
265 10 3°97 
245 : 3°98 
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Substance. Solvent. 
l-Ascorbic acid Water 
l-Ascorbic acid Water (containing a 
little mineral acid) 
l-Ascorbic acid Alcohol 
Sodium salt of /-ascorbic acid Water 
d-Ascorbic acid Water (containing a 
little mineral acid) 
Sodium salt of d-ascorbic acid Water 
d-Gluco-ascorbic acid (mono- Water 
hydrate) 
d-Gluco-ascorbic acid (mono- Water (containing a 
hydrate) little mineral acid) 
Sodium salt of d-gluco-ascorbic acid Water 
d-Galacto-ascorbic acid (mono- Water 
hydrate) 
d-Galacto-ascorbic acid (mono- Water (containing a 
hydrate) little mineral acid) 
Sodium salt of d-galacto-ascorbic Water 
acid 
1 Arabo-ascorbic acid Water 
J-Arabo-ascorbic acid Water (containing a 
little mineral acid) 
Sodium salt of J-arabo-ascorbic acid Water 2°36 265 115 3°96 


In more concentrated aqueous solutions (1000 mg. per 100 c.c.) d-ascorbic acid, /-ascorbic 
acid, d-gluco-ascorbic acid, d-galacto-ascorbic acid, and /-arabo-ascorbic acid show absorption 
bands of the same shape and approximately the same intensities as those referred to above 
and in each case the head of the band is at 1240—245 mu. 

Addendum to Synthesis of d- and 1-Ascorbic Acid (see J., 1933, 1421).—During the synthesis 
of d- or /-ascorbic acid, after treatment of the y-ascorbic acid with 8% hydrochloric acid, the 
solution, which now contained ascorbic acid, was oxidised with the exact equivalent of iodine. 
The characteristic yellow phenylhydrazine derivative, m. p. 210° (decomp.), was then prepared 
by the method previously described (J., 1933, 1283). 

Crystallographic, including X-ray, examination by Mr. E. G. Cox proved that the d- and 
the /-compound so isolated were identical in structure with the corresponding derivative 
obtained from natural ascorbic acid. 
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(Addendum, January 11th, 1934.) In elucidation of the nature of the above #-products 
we have found that, whilst under our experimental conditions the addition of hydrogen 


a 


a 
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cyanide to the osone occurs almost instantaneously and is accompanied by evolution of’ 
ammonia, yet the hydrolysis to a nitrogen-free compound does not proceed to completion 
at this stage. For instance, during the synthesis of the gluco-ascorbic acid we have been 
able to isolate a crystalline intermediate compound, C,H,,0,N, and find that it is this 
compound which contributes the absorption band at 275 my. In view of the chemical 
properties of this crystalline intermediate product we believe its formula is best expressed 


by the cyclic structure : 
. J 
NH-C-C(OH):C(OH)-CH:[CH-OH],°CH,-OH 


It is transformed into the true gluco-ascorbic acid by hydrolysis even with 20% aqueous 
acetic acid at 80°. 





19. w-Nitrophenylglyoxalarylhydrazones. 
By G. D. ParKEs and E. H. WILLIAMs. 


«-NITROACETOPHENONE couples readily with diazonium salts in solution in presence of 
sodium acetate, the corresponding w-nitrophenylglyoxalarylhydrazones being formed : 


R:N,Cl + Ph-CO-CH,-NO, —> R:NH:N:C(NO,)-COPh 


The action of bromine on these compounds is similar to that upon the corresponding 
arylazobenzoylacetones and arylazoacetoacetates (Chattaway and Lye, Proc. Roy. Soc., 
1932, A, 135, 282; 137,489; J., 1933, 480) and causes the replacement of the nitro-group 
by bromine. For instance, bromine converts w-nitrophenylglyoxalphenylhydrazone into 
w-nitrophenylglyoxal-p-bromophenylhydrazone, and its further action first replaces the 
«-nitro-group and then brings about substitution in one ortho-position : 


C,H,‘NH-N:C(NO,)-COPh —> (f)C,H,Br-NH-N:C(NO,)-COPh —> 
()C,H,Br-NH-N:CBr-COPh —> (2: 4)C,H,Br,"NH-N:CBr-COPh 


Preparation of w-Nitroacetophenone (compare Holleman, Rec. trav. chim., 1914, 38, 290).— 
A mixture of 80 g. of benzaldehYde and 48 g. of nitromethane was cooled, with stirring, to — 10°, 
and 20 g. of anhydrous potassium carbonate added during 45 minutes, the temperature being 
kept below 10°. After 1 hour, 50 c.c. of acetic acid were added cautiously and then 1000 c.c. 
of water, the stirring being continued throughout. The heavy oily phenylnitromethylcarbinol 
obtained was washed with water and added to 120 g. of potassium dichromate and 60 c.c. of 
concentrated sulphuric acid in 1500 c.c. of water at 15°. The temperature was kept below 
25° to prevent the formation of nitrostyrene. The mixture was then kept at room temperature 
for 14 days while w-nitroacetophenone separated in leaflets, m. p. 105-5° after being washed 
with water and recrystallised from acetic acid; yield, 75 g. 

Preparation of w-Nitrophenylglyoxalphenylhydrazone.—A solution of 45 g. of w-nitroaceto- 
phenone in 100 c.c. of boiling glacial acetic acid was poured with vigorous stirring into 300 c.c. 
of cold water, 200 g. of crystalline sodium acetate were added, the whole was cooled to 0°, 
and the diazonium solution obtained from 25 g. of aniline in 100 c.c. of concentrated hydro- 
chloric acid was gradually added. After 1 hour’s further stirring, the w-ntirvophenylglyoxal- 
phenylhydrazone was collected and crystallised from alcohol, forming orange-yellow prisms 
with a blue reflex, m. p. 101°; yield, 60% (Found: N, 15-8. C,,H,,O,N; requires N, 15-6%). 
The hydrazone is readily soluble in organic solvents, giving orange-red solutions, and in con- 
centrated aqueous ammonia, giving a deep red solution; from the latter it is precipitated by 
hydrochloric acid, though not by water. 

The following hydrazones were prepared similarly. w-Nitrophenylglyoxal-p-chlorophenyl- 
hydrazone, long yellow needles from alcohol, m. p. 134° (Found: Cl, 14-7. C,H yO3;N;Cl 
requires Cl, 11-7%); 2: 4-dichlorophenylhydrazone, pale yellow prisms from alcohol, m. p. 
135-5° (Found: Cl, 21-15. C,,H,O,N,Cl, requires Cl, 21-0%); 2: 5-dichlorophenylhydrazone, 
pale yellow prisms from alcohol, m. p. 137° (Found: Cl, 21:1%); p-bromophenylhydrazone, 
small yellow needles from alcohol, m. p. 137° (Found: Br, 23-1. C,,H,gO;N;Br requires Br, 
23-0%); 2: 4-dibromophenylhydrazone, yellow prisms from alcohol, m. p. 139° (Found: Br, 
37-2. C,,H,O,N;Br, requires Br, 37-5%); 2:4: 6-iribromophenylhydrazone, yellow prisms 
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from alcohol, m. p. 111° (Found: Br, 47-5. C,,H,O,N,Br, requires Br, 47-4%); 3:4: 5- 
tribromophenylhydrazone, small yellow needles from alcohol, m. p. 169° (Found: Br, 47-4%); 
o-nitrophenylhydrazone, yellow prisms from acetic acid, m. p. 118° (Found : N, 17-8. C,,H,,O;N, 
requires N, 17-8%); -nitrophenylhydrazone, bright yellow needles from acetic acid, m. p. 
147° (Found: N, 17-8%) (compare Meyer and Weitheimer, Ber., 1914, 47, 2383). 

Action of Bromine upon w-Nitrophenylglyoxalphenylhyvdrazone.—(a) 5 G. of the hydrazone 
were dissolved in 15 c.c. of warm glacial acetic acid and treated with 3 g. (1 mol.) of bromine 
in 15 c.c. of acetic acid. After 24 hours, 100 c.c. of water were added; the precipitated w- 
nitrophenylglyoxal-p-bromophenylhydrazone was, after crystallisation from alcohol, identical 
with that described above. 

(b) 5 G. of w-nitrophenylglyoxal-p-bromophenylhydrazone and 0-5 g. of crystalline sodium 
acetate were dissolved in 20 c.c. of acetic acid, 2-4 g. (1 mol.) of bromine in 10 c.c. of acetic acid 
added, and the whole kept for 24 hours. On addition of water (50 c.c.) #-bromophenylglyoxal- 
p-bromophenylhydrazone separated; after crystallisation from alcohol, it was identical with 
a specimen prepared from ~-bromophenylazobenzoylacetone (Chattaway and Lye, Joc. cit.). 
The same product resulted from the action of 2 mols. of bromine upon w-nitrophenylglyoxal- 
phenylhydrazone, the ~-bromophenylhydrazone being first formed. 

(c) 5 G. of w-nitrophenylglyoxal-p-bromophenylhydrazone were refluxed with 4-8 g. of 
bromine in 20 c.c. of chloroform for 1 hour. On removal of the chloroform on a water-bath 
«-bromophenylglyoxal-2 : 4-dibromophenylhydrazone remained as an amorphous mass. It 
was crystallised from acetic acid and shown to be identical with an authentic specimen obtained 
by the action of 1 mol. of bromine upon 2: 4-dibromophenylazobenzoylacetone (loc. cit.). 
«-Bromophenylglyoxal-2 : 4 : 6-tribromophenylhydrazone resulted similarly from the action 
of bromine upon w-nitrophenylglyoxal-2 : 4 : 6-tribromophenylhydrazone, and was identical 
with a specimen prepared by the action of bromine upon 2: 4: 6-tribromophenylazobenzoyl- 
acetone (loc. cit.). 

w-A minophenylglyoxal-2 : 4-dibromophenylhydrazone, obtained when 2 g. of w-bromophenyl- 
glyoxal-2 : 4-dibromophenylhydrazone were heated under reflux for 30 minutes with 10 c.c. 
of alcoholic ammonia, crystallised from alcohol in yellow prisms, m. p. 134° (Found: Br, 39-8. 
C,,H,,ON,Br, requires Br, 40-2%). 

«-A nilinophenylglyoxal-2 : 4-dibromophenylhydrazone, obtained similarly by the action of 
0-5 g. of aniline in 5 c.c. of alcohol on 2 g. of w-bromophenylglyoxal-2 : 4-dibromopheny]- 
hydrazone, crystallised from alcohol in yellow prisms, m. p. 137° (Found: Br, 33-6. 
C,H ,,ON,Br, requires Br, 33-8%). 


THE QUEEN’sS COLLEGE LABORATORY, OXFORD. [Received, November 28th, 1933.] 





20. The Production of Organo-metalloidal Compounds by Maicro- 
organisms. Part II. Dimethyl Selenide. 


By FREDERICK CHALLENGER and Harry E. Nort. 


TuHE formation of odorous compounds in the breath of animals treated with inorganic 
derivatives of tellurium was first observed by Gmelin (Wirkungen . . . auf den tierischen 
Organismus, Tiibingen, 1824, p. 43). Hansen (Annalen, 1853, 86, 213), on administration 
of potassium tellurite to dogs or men, detected a garlic odour, similar to that of diethyl 
telluride, in the breath after a few minutes. A similar effect was observed by Japha 
(Dissert., Halle, 1842) with inorganic selenium compounds. The odours have also been 
attributed to hydrogen telluride or selenide (Rabuteau, Gazz. hebdom. med. chirurg., 1869, 
6, 194, 241; Filippi, Lo Sperimentale, Firenzi, 1913, 67, 565). 

Hofmeister (Arch. exp. Path. Pharm., 1894, 33, 198) passed the expired air from dogs 
which had received injections of sodium tellurite or tellurate, through iodine in aqueous 
potassium iodide. Removal of iodine with potassium hydroxide and addition of sodium 
sulphide gave an odour resembling that of dimethyl sulphide. Tellurium was obtained 
from the solution on reduction. Solely from this evidence, Hofmeister concluded that the 
volatile compound was dimethyl telluride, hydrogen telluride being excluded owing to its 
different odour. 
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Maassen (Arb. Kaiserl. Ges. Amt., 1902, 18, 475) repeated Hofmeister’s work, making 
parallel experiments on dogs injected with selenium. He also studied the odorous products 
evolved when Penicillium brevicaule was cultivated on media containing inorganic com- 
pounds of selenium and tellurium. By absorption in iodine as before, Maassen concluded 
that dialkyl selenides and tellurides were responsible for the odours, and that the animal 
body exerts a methylating and the mould fungi an ethylating action. This opinion was 
doubtless strengthened by Biginelli’s work on the arsenical (Gosio) gas produced by 
P. brevicaule, which he believed to be diethylarsine, but which was recently shown (Part I; 
J., 1933, 95, where references are given) to be trimethylarsine. Almost simultaneously 
Rosenheim (Proc., 1902, 138) showed that selenium and tellurium compounds interfered 
with the biological test for arsenic in which the garlic-smelling Gosio-gas is evolved. With 
selenium the odour is fecal or leek-like, but tellurium gives an odour resembling that of 
trimethylarsine (see Abel and Buttenberg, Z. Hyg., 1899, 32,499; Cevey, Dissert., Lausanne, 
1902; Gosio, Atti R. Accad. Lincei, 1904, 18, I, 414, 642). 

In view of some of the above statements and the insufficient evidence upon which they 
are based, we have examined the volatile product from pure cultures of two strains of 
P. brevicaule (Scopulariopsis brevicaulis) on sterile bread-crumbs containing sodium selenite 
or selenate. The products were separately aspirated in a stream of sterile air through 
(a) Biginelli’s solution (J., 1933, 99), (b) neutral mercuric chloride, (c) neutral mercuric 
bromide, (d) nitric acid, (e) potassium platinochloride, (f) benzyl chloride. The products 
obtained were: in (a) and (b) dimethyl selenide mercurichloride, (CH,),Se,HgCl,; in (c) 
dimethyl selenide mercuribromide; in (d) dimethylhydroxyselenonium nitrate (Jackson, 
Annalen, 1875,179, 1) ; in (e) dimethyl selenide platinochloride, PtCl,,2(CH,),Se (Fritzmann, 
Z. anorg. Chem., 1912, 73, 244); and in (f) dimethylbenzylselenonium chloride, isolated 
as the picrate (Baker and Moffitt, J., 1930, 1728). These compounds were identified 
by analysis and mixed m. p. determinations. Diethyl selenide mercurichloride, 
(C,H;).Se,HgCl,, m. p. 92-5°, was also prepared and found to be different from the mould 
product. The isomeric platinochlorides of diethyl selenide melt at 55° and 73° (Fritzmann, 
loc. cit.). The mould gas is therefore dimethyl] selenide and, in view of the numerous methyl- 
ated products elaborated by animals and the conversion of pyridine into methylpyridinium 
hydroxide (His, Arch. exp. Path. Pharm., 1887, 22, 253) and of nicotinic acid to trigonelline 
(Ackermann, Z. Biol., 1912, 59, 17) in the dog, it is extremely probable that the selenium 
and tellurium derivatives formed in the body are also dimethyl selenide and telluride. 
Dimethy] selenide is also produced, and detected as the mercurichloride, when P. brevicaule 
(Strain D) is grown on Czapek—Dox solution containing sodium selenate with glucose 
(2%) as the sole source of carbon (for composition, see Raistrick, Phil. Trans., 1931, B, 
220, 7). With selenite and bread cultures, considerable reduction to red selenium occurs ; 
this is less readily methylated (Rosenheim, Maassen, Jocc. cit.). This does not occur 
with selenate in bread or glucose cultures, and better yields of dimethyl selenide are 
obtained. 

Attempts were made to obtain dimethyl sulphide by addition of sulphur or certain 
of its compounds to bread cultures of Strains A and C of P. brevicaule. Negative results 
were obtained with sulphur, sodium sulphite, sodium thiosulphate, thiourea (compare 
the animal experiments of Pohl, Arch. exp. Path. Pharm., 1904, 51, 341), sodium ethyl- 
sulphonate, ‘‘ rongalite ’’ and thiodiglycollic acid and its sodium salt. 

Failure with the last two compounds would suggest that the mould does not readily 
decarboxylate the group CH,°CO,H, and that therefore methylation of arsenic and selenium 
does not proceed by the reactions As(OH), -+ 3H*CH,"CO,H = As(CH,°CO,H), + 3H,O 
= yey -+ 2H-CH,°CO,H = SeO(CH,°CO,H), + 2H,O —> Se(CH,°CO,H), (see 

art I, loc. cit.). 

Diethyl sulphide is, however, produced when diethy] sulphoxide, but not the sulphone, 
is added to bread cultures of the mould. It was characterised as the dimercurichloride 
(Faragher, Morrell, and Comay, J. Amer. Chem. Soc., 1929, 51, 2779). 

That Penicillium brevicaule can exert a strong reducing action is further shown by the 
formation in bread cultures of trimethylarsine from many derivatives of quinquevalent 
arsenic (J., 1933, 95), and by unpublished observations on tertiary arsine oxides. Dimethyl- 
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hydroxyselenonium nitrate is similarly reduced to the selenide when added to cultures 


of the mould on bread. 
EXPERIMENTAL. 


The strains of Penicillium brevicaule used in this work were P. brevicaule Saccardo, P. 
brevicaule Saccardo (Strain Derx), and P. brevicaule Saccardo (Strain Washington 2), designated 
(A), (C), and (D) in an earlier investigation (J., 1933, 95). They were occasionally sub-cultured 
as before. The cultures on sterile bread were prepared in conical flasks (1 litre) and incubated 
as previously described. The sterilised solutions of sodium selenate or selenite were added, 
the flasks (usually eight) connected as before to the absorption vessels, and a stream of sterile 
air continuously passed through at room temperature. The average content of the selenate 
and selenite was 0-35 g. per 100 g. of fresh crumbs. The liquid medium occasionally employed 
was Czapek—Dox solution (2% glucose as sole carbon source), the inorganic selenium compound 
being added when growth of the mould was well established. 

Mould Products.—Dimethyl selenide mercurichloride. ‘Theaction of strains A and D on media 
containing sodium selenite or selenate produces a volatile compound giving a white precipitate 
in Biginelli’s solution which on crystallisation from acetone has m. p. and mixed m. p. (with 
synthetic dimethyl selenide mercurichloride) 153—154° (Found: C, 6-6; H, 1-6; Hg, 53-15. 
C,H,Cl,SeHg requires C, 6-3; H, 1-6; Hg, 52-7%). 

Dimethyl selenide mercuribromide. This separated from the aqueous mercuric bromide in 
the absorption flasks as a white solid, m. p. 99—100° after recrystallisation from acetone and 
mixed m. p. 99—100° with a synthetic specimen (Found : C, 4-7; H, 1-2. C,H,Br,SeHg requires 
C, 5-1, H, 13%). Mercuric bromide in hydrobromic acid is not a suitable absorbent for small 
quantities of the mould gas, owing to the partial decomposition of the mercuribromide by the acid. 

Dimethylhydroxyselenonium nitrate was obtained from the nitric acid absorption liquors 
in (d) by evaporation under diminished pressure. The residue had m. p. 88—89-5°, but after 
recrystallisation from alcohol it melted at 87-5—88-5° alone or in admixture with the synthetic 
product, also of m. p. 87-5—88-5° (Found : C, 13-0; H, 3-7. Calc.: C, 12-75; H, 3-7%). 

Dimethyl selenide platinochloride. This was obtained with Strain D, sodium selenate or 
selenite being used, and the product absorbed in 2% aqueous potassium platinochloride. The 
orange-yellow precipitate dissolved almost completely in cold chloroform and is apparently 
the a-form (Fritzmann, /oc. cit.), m. p. and mixed m. p. after recrystallisation from chloroform 
163—164° [Found : C, 10-0; H, 2-3. Calc. for PtCl,,2(CH;),Se: C, 9-9; H, 2-5%]. 

Benzyldimethylselenonium picrate. The mould gases were passed into alcoholic benzyl 
chloride, and the picrate isolated as in the case of trimethylarsine (J., 1933, 99), and recrystallised 
from water or alcohol. M. p., mixed m. p., and m. p. of an authentic specimen 117—118° 
(Found: C, 41-5; H, 3-5. Calc.: C, 42-0; H, 3-5%). 

The absence of other volatile selenium compounds such as hydrogen selenide or methyl 
selenomercaptan was indicated by the absence of any coloured precipitate when the mould 
gases were passed into aqueous mercuric chloride or lead acetate. 

Diethyl Sulphide Dimercurichloride.—Diethyl sulphoxide was obtained from the sulphide 
and “‘ perhydrol”’ with or without heptane as diluent. It is described by Pummerer (Ber., 
1910, 43, 1407) as an oil, m. p. 4—6°, but was obtained as odourless white crystals, m. p. 14° 
(compare Strecker and Spitaler, Ber., 1926, 59, 1765). 

25 C.c. of a 1% aqueous solution were added to each of eight flasks containing bread cultures 
of Strain A. A strong odour of diethyl sulphide was apparent in 1—2 days. Aspiration 
through aqueous mercuric chloride gave a crystalline solid, m. p. 116—117°. It did not depress 
the constant m. p. (116—117°) of a specimen of diethyl sulphide dimercurichloride. Faragher 
and others (loc. cit.) give m. p. 119-5°. The possible presence of a trace of the monomercuri- 
chloride (m. p. 77°) in both preparations is indicated (Found, for synthetic specimen: Hg, 
62-8. Calc., 63-39%). Addition of the sulphoxide to sterile uninoculated bread crumbs gave 
no sulphide odour. 

Preparation of Reference Compounds from Synthetic Selenides.—Dimethy] and diethy] selenide 
were prepared by the method of Jackson (Amnalen, 1875, 179, 1). 

Dimethy] selenide mercurichloride was obtained from the selenide and excess of cold Biginelli’s 
solution (J., 1933, 99) or saturated aqueous mercuric chloride. The colourless product was 
crystallised from acetone; m. p. 153—154°. It is decomposed into its components by hot 
hydrochloric acid. With sodium hydroxide, mercuric oxide and dimethy] selenide are obtained, 
no reduction occurring (compare the trimethylarsine mercurichlorides, J., 1933, 99) (Found : 
Hg, 52-9. C,H,Cl,SeHg requires Hg, 52-7%). 
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Dimethyl selenide mercuribromide was obtained from aqueous mercuric bromide in neutral 
or in hydrobromic acid solution; m. p. 99—100°. It is much more unstable than the mercuri- 
chloride, smells strongly of dimethyl selenide, and must be kept in a closed vessel (Found : 
C, 4-7; H, 1-2; Br, 34-8; Hg, 43-6, 43-4. C,H,Br,SeHg requires C, 5-1; H, 1:3; Br, 34-0; 
Hg, 42-7%). 

Dimethylhydroxyselenonium nitrate was prepared by the method of Jackson (loc. cit.), 
m. p. 87-5—88-5° after repeated crystallisation from alcohol (Found : Se, 41-7. Calc., 42-1%). 

Dimethylbenzylselenonium picrate (Baker and Moffit, J., 1930, 1728) was kindly supplied 
by Dr. J. W. Baker. On recrystallisation from aqueous alcohol it had m. p. 117—118° (Found : 
Se, 17-8. Calc., 18-0%). 

Diethyl selenide mercurichloride was obtained from its ingredients and recrystallised from 
acetone; m. p. 92-5° (Found: Hg, 49-1. C,H, Cl,SeHg requires Hg, 49-1%). 


The authors thank the Royal Society, the Department of Scientific and Industrial Research, 
and Imperial Chemical Industries, Ltd., for grants. 
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21. 4:6- and 2: 4-Diacetylresorcinol. 
By WILSON BAKER. 


CERTAIN derivatives of “ 4 : 6-diacetylresorcinol ”’ (resdiacetophenone) have been variously 
described in the literature, for example, diflavone and 4’ : 4’-dimethoxydiflavone (see 
Ryan and O’Neill, Proc. Royal Irish Acad., 1915, 32, 48; Gulati and Venkataraman, 
J., 1931, 2376; Algar, McCarthy, and Dick, Proc. Royal Irish Acad., 1933, 41, 155); 
difficulties in preparing the compound have frequently been recorded, many different 
methods of preparation are described (Crépieux, Bull. Soc. chim., 1891, 6, 152; Eijkman, 
Chem. Weekblad, 1904, 1, 453; Eijkman, Bergema, and Henrard, ibid., 1905, 2, 59; 
Torrey and Kipper, J. Amer. Chem. Soc., 1908, 30, 850; Heller, Ber., 1912, 45,418; Ryan 
and O’Neill, loc. cit.; Wittig, Baugert, and Richter, Annalen, 1925, 446, 184; Gulati and 
Venkataraman, loc. cit.; Mahal and Venkataraman, J., 1933, 616; Algar, McCarthy, and 
Dick, Joc. cit.), and it is significant that only in one case is the yield of pure compound given. 
In view of the possible production of isomeric resdiacetophenones and of the fact that 
the constitution assigned to the substance rests on negative evidence, reinvestigation of 
its preparation and constitution was undertaken. A definite proof of its constitution 
was particularly desirable in view of the fact that the closely allied resorcinol dialdehyde 
(Tiemann and Lewy, Ber., 1877, 10, 2211) has recently been shown to be the 2 : 4-derivative 
(Baker, Kirby, and Montgomery, J., 1932, 2877). 

The constitution of Wittig’s “‘ 2 : 4-diacetylresorcinol ” (loc. cit.) rests on the extreme 
improbability that it could be either 2: 5- or 4: 5-diacetylresorcinol, and that it differs 
from the resdiacetophenone supposed to be the 4: 6-derivative. The evidence for the 
last assumption is that the same mixed dialkyl ethers are produced irrespective of the 
order of the introduction of the alkyl groups, the non-formation of isomeric dialkyl ethers 
being taken as evidence of the symmetrical arrangement of the molecule (Eijkman, 
Bergema, and Henrard, Joc. cit.). 

All the methods for preparing resdiacetophenone give the same product, m. p. 182°, 
though the yields in many cases are vanishingly small. The methods of Ryan and O’Neill 
(loc. cit.) and of Wittig, Baugert, and Richter (loc. cit.) have given less than 10% yields 
of the pure compound in the author’s hands (compare Algar, McCarthy, and Dick, loc. cit.). 
It is best obtained by treating resorcinol diacetate with anhydrous ferric chloride (Gulati 
and Venkataraman, Joc. cit.); by modifying the process the yield of pure compound is 
raised from 15 to 32%. Failure to realise that the product of the reaction is a ferric chloride 
complex of the diacetylresorcinol has been largely responsible for the low yields previously 


obtained. 
The constitution of 4 : 6-diacetylresorcinol has been established by oxidation with hydro- 
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gen peroxide in alkaline solution (compare Dakin, Amer. Chem. J., 1909, 42, 477) and sub- 
sequent methylation, 2 : 4: 5-trimethoxyacetophenone being produced, more satisfactory 
yields of which are obtained by oxidising andsubsequently methylating itsmonomethy] ether 
under similar conditions. The constitution of 2:4: 5-trimethoxyacetophenone follows 
from its production by the methylation of 2: 4: 5-trihydroxyacetophenone (Chadha and 
Venkataraman, J., 1933, 1074). 

Spath, Klager, and Schlésser (Ber., 1931, 64, 2207) claim to have oxidised the dibenzyl- 
idene derivative of the dimethyl ether of resdiacetophenone to a dimethoxyzsophthalic 
acid, whose dimethyl ether was identical with synthetical dimethyl 4 : 6-dimethoxyzso- 
phthalate. The dibenzylidene derivative which these authors state was prepared by 
Eijkman, Bergema, and Henrard (loc. cit.) has, however, only been described by Ryan 
and O’Neill (Joc. cit.), and as the compound is not listed in Stelzner’s ‘‘ Literatur-Register 
der Organischen Chemie ”’ this work cannot be regarded as completely satisfactory. 

With regard to the discrepancies in the literature in the diflavone series the author 
has repeated and confirmed the work of Algar, McCarthy, and Dick (loc. cit.), and agrees 
that diflavone is characterised by its intense blue fluorescence in concentrated sulphuric 
acid. Repetition of the work of Gulati and Venkataraman (loc. cit.) has shown that the 
substance described as diflavone is actually 3 : 3’-dibenzoyldiflavone which has escaped 
hydrolysis (see Algar, McCarthy, and Dick, Joc. cit.): the ‘‘ 7-hydroxy-6-acetylflavone,” 
m. p. 123°, could not be isolated, and moreover a compound of this constitution could not 
possess such a low melting point. Algar, McCarthy, and Dick have already pointed out 
that 4’ : 4’’-dimethoxydiflavone melts at 321—322° and not 192° as recorded by Gulati 
and Venkataraman, and it is also very unlikely that the substance, m. p. 135°, described 
by the latter authors as 7-hydroxy-6-acetyl-2-methylchromone, can actually possess this 
constitution, since 7-hydroxy-2-methylchromone has m. p. 249—250° (von Kostanecki 
and Rozycki, Ber., 1901, 34, 105). 

The preparation of 2 : 4-diacetylresorcinol has been simplified by the observation that 
7-acetoxy-3-acetyl-2-methylchromone (von Kostanecki and Rozycki, loc. cit.) is converted 
directly into 7-hydroxy-8-acetyl-2-methylchromone by the action of aluminium chloride in 
nitrobenzene (compare Wittig, Baugert, and Richter, loc. cit.). 


EXPERIMENTAL. 


4 : 6-Diacetylresorcinol—A mixture of resorcinol diacetate (Chattaway, J., 1931, 2495) 
(50 g., distilled under diminished pressure) and anhydrous ferric chloride (22 g.) was heated 
to 180° during } hour (oil-bath; occasional stirring) and maintained at this temperature for 
3 hours. The product, which had a green lustre, was powdered, heated for } hour with water 
(250 c.c.) and concentrated hydrochloric acid (50 c.c.), collected, washed thoroughly, dried, and 
extracted with chloroform (300 c.c.) in a Soxhlet’s apparatus for 2 hours. Evaporation of the 
solvent gave crude resdiacetophenone (21-2 g.), which, by crystallisation from alcohol (500 c.c.), 
yielded the almost pure substance as faintly coloured needles (16-2 g.), m. p. 182° (32-4% yield). 
The dibenzoy] derivative was prepared (90% yield) from the compound (7:8 g.), pyridine (20 c.c.), 
and benzoyl chloride (11-3 g.) (steam-bath, ? hour); it formed small plates from alcohol, m. p. 
118° (compare Torrey and Kipper, Joc. cit.). 

Oxidation of 4 : 6-Diacetylresorcinol—To 4 : 6-diacetylresorcinol (2 g.; crystallised twice 
from acetone) in N-sodium hydroxide (40 c.c.) was added 3% hydrogen peroxide (25:7 c.c.) 
during 5 minutes in an atmosphere of coal gas. Darkening and rise of temperature to 50° 
occurred, After 20 minutes the solution was acidified, unchanged 4 : 6-diacetylresorcinol 
(0-1 g.) collected, and the filtrate methylated with a large excess of methyl sulphate and alkali 
in coal gas, and finally extracted with ether. The extracts yielded a solid, which was crystallised 
from light petroleum (b. p. 60—80°) (charcoal); it separated in dimorphic forms, feathery 
transparent crystals and compact white crystal aggregates, both having m. p. (and mixed m. p.) 
99—101° (yield, 0-15 g.). By recrystallisation from water it was obtained in needles, m. p. 
(and mixed m. p. with specimens of 2 : 4 : 5-trimethoxyacetophenone described below and with 
the product described by Reigrodski and Tambor, Ber., 1910, 43, 1965) 101° (Found : C, 63-1; 
H, 6-7. Calc. for C,,H,,0,: C, 62-8; H, 6-7%). 

Oxidation of 4: 6-Diacetylresorcinol Monomethyl Ether.—The ether (2 g.; m. p. 121-5°) 
(Eijkman, Bergema, and Henrard, /oc. cit.) in N-sodium hydroxide (30 c.c.) was oxidised with 
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3% hydrogen peroxide (25 c.c.), and subsequently methylated as in the previous case. 2: 4: 5- 
Trimethoxyacetophenone (0-6 g.) was isolated. 

2:4: 5-Trimethoxyacetophenone.—2 : 4: 5-Trihydroxyacetophenone [Chadha and Venka- 
taraman, Joc. cit.; method (c)], treated with excess of methyl sulphate and alkali in coal gas 
(compare above), yielded 2 : 4 : 5-trimethoxyacetophenone, m. p. 101°. 

7-A cetoxy-3-acetyl-2-methylchromone.—Resacetophenone (50 g.), acetic anhydride (150 g.), 
and sodium acetate (75 g.) were boiled (oil-bath at 180°) for 4 hours, stirred into water, and the 
solid crystallised from methyl alcohol and then from ligroin (b. p. 100—120°), giving faintly 
yellow prisms (30 g.), m. p. 126-5° (compare von Kostanecki and Rozycki, /oc. cit.). 

7-Hydroxy-8-acetyl-2-methylchromone.—A mixture of 7-acetoxy-3-acetyl-2-methylchromone 
(6 g.), aluminium chloride (in lumps; 12 g.), and nitrobenzene (10 c.c.) was heated in an oil-bath 
at 100°, the temperature being raised to 110° during 5 minutes, and then kept constant for 
10 minutes. The product was treated with dilute hydrochloric acid and benzene (20 c.c.), 
and the solid collected, washed with benzene and water, and dried (yield, 3 g.; m. p. 181°). 
Recrystallisation from chloroform gave the pure substance, m. p. 185—186-5° (Found : C, 66-3; 
H, 4-6. Calc. for C,,H,,O,: C, 66-1; H, 46%). A solution of the substance in hot benzene 
shows a great tendency to set to a fairly rigid gel on cooling, from which the crystalline substance 


subsequently separates. 
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22. The Heterogeneous: Combustion of Carbonic Oxide on Quartz: 
Water as a Negative Catalyst. 


By B. W. BRADFORD. 


ALTHOUGH it is well established that the effect of rigorously drying a gold surface catalysing 
the combustion of carbon monoxide-oxygen mixtures is considerably to reduce the rate 
of reaction (Bone, Proc. Roy. Soc., 1926, 112, A, 474) and simultaneously to increase the 
apparent heat of activation (Finch and Bradford, ibid., in the press), yet there is some 
conflict of evidence regarding the influence of moisture on the heterogeneous reaction 
catalysed by a quartz surface. Topley (Nature, 1930, 125, 560) investigated the com- 
bustion in heated silica bulbs and found that reaction was apparently homogeneous ; 
the rate was approximately proportional to the concentration of water vapour, and was 
immediately reduced by drying. More recent experiments by Hadman, Thompson, 
and Hinshelwood (Proc. Roy. Soc., 1932, 187, A, 87) gave somewhat similar results, but 
further established that in the dry the reaction was chiefly heterogeneous, and in the 
presence of moisture, largely homogeneous. 

In the course of Finch and Bradford’s investigation (loc. cit.), an electrically heated, 
transparent quartz reaction tube (diam. 4:2 cm.; heated length 50 cm.) was dried for 4 
months at a maximum temperature of 600° by circulation of a 2CO + O, mixture in a 
closed system which included a liquid-air cooled trap and several 2 m. long phosphoric 
oxide drying tubes; the rates of combustion of the gaseous mixture were then determined 
at a series of temperatures. The quartz tube was next put in communication with an 
alternative circulation system, and rates of combustion similarly determined in the 
presence of a constant partial pressure of water vapour. The following results were 
obtained ; in all cases the rates of fall of pressure closely followed a unimolecular law, of 
which the coefficient & is given : 

Dry. Moist (puso = 15 mm.). 
333° 457° 508° 571° 602° 350° 502° 550° 567° 580° 
1 11 47 63 0 1 2 7 12 


(Explosion occurred in the moist system at 588°, at a total pressure of 90 mm., a result 
in fairly good agreement with the lower explosion limit determined by Kopp, Kovalsky, 
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Sagulin, and Semenov, Z. physikal. Chem., 1930, 6, B, 307.) It is clear from the above 
results that the apparent heat of activation was higher in the moist than in the dry. The 
practicable range of temperature was insufficient to allow of more than an approximate 
determination : substitution in the Arrhenius equation indicates a value of about 25,000 
cal. in the dry, and 40,000 cal. in the moist. 

The characteristics of both the moist and the dry reaction were consistent with hetero- 
geneous combustion. The rates of reaction in the dry system correspond in magnitude 
to those observed in comparable conditions by Hadman, Thompson, and Hinshelwood 
(loc. cit.), whereas in the moist system the rates are 50—100 times less, the former com- 
parison being made with a heterogeneous, and the latter with a homogeneous reaction. 
The catalytic properties of quartz at temperatures in the neighbourhood of 600° are 
well known to be capable of extensive variation (Cosslett and Garner, Trans. Faraday 
Soc., 1931, 27, 176), and it may be supposed that, in the present case, the long period of 
heating in the dry affected the quartz in such a way as to diminish very considerably, or 
to eliminate completely, the spreading of reaction into the homogeneous moist phase. 
Whether this view be tenable or not, however, the above results make it clear that water 
does not accelerate the combustion of a 2CO + O, mixture on the surface of quartz, but on 
the contrary, considerably retards it. 

The properties of quartz in this respect are therefore similar to those of the series of 
non-metallic catalysts examined by Bone (loc. cit.) at temperatures sufficiently low to 
preclude the possibility of homogeneous reaction. The rates of combustion of 2CO + O, 
mixtures on surfaces of nickel oxide, copper oxide, firebrick, and porcelain were found to 
be invariably higher in the dry than in the moist, a result which has been attributed by 
Bone to reduction of available catalytic area by adsorbed water—a so-called “lagging ”’ 
effect. In order to apply such an explanation to the results described above, it is necessary 
to suppose that while only 1 unit in 11 of available area was unoccupied by adsorbed water 
at 500°, the proportion increased to 1 in 4 at 580°, and further, that the difference between 
the apparent energies of activation in moist and dry systems is to be wholly accounted for 
by the net energy of desorption of water. It appears more probable that in the presence 
of moisture the combustion was composite, occurring partly as a ‘ dry’ oxidation, and 
partly as a reaction negatively catalysed by water, the relative importance of these two 
reactions being determined by temperature, and by the surface density of adsorbed water. 
In general, such composite reactions are characterised by apparent energies of activation 
which increase with increasing temperature: if an effect of this kind operated in the 
present experiments, the practicable range of temperature was insufficient to reveal it. 
This negative catalytic effect of water adsorbed on a quartz surface may be compared 
with the well-known fact that the water-gas reaction occurs with great ease on the surfaces 
of most metals and reducible oxides, but with considerable difficulty on non-metallic 
and non-reducible surfaces such as porcelain. (For the case of quartz, see Hadman, 
Thompson, and Hinshelwood, Joc. cit.) It may be concluded that the condition of water 
molecules adsorbed on such non-metallic surfaces is fundamentally different from that 
on metallic surfaces, the type of binding in the former case being inimical to, and in the 
latter favourable to, chemical reactivity. 

In the majority of instances in which water has been shown to catalyse heterogeneous 
gaseous combinations, some specific association of water with one or more of the reactants 
is known to be possible; ¢.g., the combination of ammonia and hydrogen chloride in a 
glass vessel (Baker, J., 1894, 65, 611; Hinshelwood, ‘‘ School Science Review,’ 1927, No. 
31, 169), or the oxidation of sulphur dioxide by oxygen on the surface of either manganese 
dioxide or platinum at ordinary temperatures, for which the presence of water is essential 
(Russell and Smith, J., 1900, 77, 346). Few reactions not involving such combination or 
association with water have been studied : the combustion of electrolytic gas first investig- 
ated by Baker (J., 1902, 81, 400), however, falls into this category. In this case, water 
was found to catalyse the reaction either in a heated glass tube, or on the surface of an 
electrically heated metallic wire. It is uncertain to what extent homogeneous reaction 
occurred in the former instance, and, moreover, the electrical properties of glass at high 
temperatures show that in such circumstances it may approximate to the behaviour of 
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a metal. Were it found possible to study the heterogeneous combustion of electrolytic 
gas on quartz unaccompanied by homogeneous reaction, there is reason to suppose that the 
catalytic effect of water would prove to be negative. 
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23. The Ignition of Some Explosive Mixtures by Modified Coil 
Discharges. 


By B. W. Braprorp, G. I. Fincu, and (Miss) A. M. Prior. 


IN a previous communication (Bradford, Finch, and Prior, J., 1933, 227) it was shown 
experimentally that the capacity component of a coil discharge plays a réle in the ignition 
of certain explosive gaseous mixtures wholly subordinate to that of the inductance com- 
ponent, even though this be reduced to a practical minimum. It was also found that the 
igniting power of a coil discharge is not only a function of the total inductance component 
energy, but is also conditioned partly by the peak, and partly by the mean rates of dissi- 
pation of this energy to an extent varying with the nature of the gas mixture. The 
experiments to be described below were carried out with the object of defining more closely 
the discharge properties determining igniting power; they bring to a close this series of 
investigations on the electrical ignition of gases (Proc. Roy. Soc., 1927, 116, A, 529; J., 
1930, 1540; Proc. Roy. Soc., 1931, 134, A, 343; Proc. Physical Soc., 1931, 48, 502; 1932, 
44,190; Nature, 1932, 30, 929; Proc. Physical Soc., 1933, 45, 288; J., 1933, 227). 


EXPERIMENTAL. 


In addition to the apparatus previously described (loc. cit.), a Mullard U.9. diode was in- 
corporated in the one spark-gap lead on the gap side of earth, i.e., one end of the valve filament 
was at earth potential. Provision was made for shunting the valve as and when required by 
an air-dielectric condenser of 23uyF, a capacity which offered negligible impedance to oscillatory 
currents of frequencies of the order of 10® cycles and higher, but effectively blocked the 
inductance component oscillations (n<.10* cycles). 

A pure tungsten filamented valve of suitable characteristics was not available, and since 
the U.9. filament was thoriated, the saturation current of the valve varied somewhat with the 
potential drop. By a suitable choice of filament temperature it was possible, as is shown 
both in the oscillograms and in the results of the ignition experiments, to reduce the capacity 
component to a negligible quantity and at the same time to exercise a wide measure of control 
of the inductance component. The various conditions employed in the experiments, of which 
an account follows below, together with the corresponding discharge modifications may be 
summarised as follows : 


Circuit conditions. 


A. Valve short-circuited. 
B. Valve shunted by condenser; 
filament fully heated. 
C. Valve without shunting con- 
denser : 
(a) filament fully heated. 


(6) filament under-run. 


. Valve shunted by condenser; 
filament cold. 


. Valve as in D but without 
condenser. 


Nature of discharge. 


Normal coil discharge. 
Normal coil discharge. 


Negligible capacity component; 
inductance component unim- 
paired. 

Negligible capacity component; 
normal (or nearly so) induct- 
ance component duration, but 
oscillations more or less damped 
out, according to extent of 
under-running. 

Normal capacity component; 
negligible inductance compo- 
nent. 


Negligible capacity and induct- 
ance component. 


Typical current-time oscillogram. 
J., 1933, p. 228, Fig. 3. 
As in A. 


Fig. 1. 


Figs. 2—6. 


Voltage-time trace only visible 
up to moment of breakdown of 
ap (Proc. Physical Soc., 1933, 
45. 291, Fig. 2a). 
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Additional modification of the discharge could be effected in the shape of cut-off of part 
or whole of the inductance component by means of the special double contact-breaker mentioned 
in the previous paper (loc. cit.) to which reference should be made for further information 
regarding experimental conditions and procedure. 

Results.—Series I, The explosive mixture consisted of 2CO + O, with 5% added hydrogen, 
the whole dried by slow passage over a 30-cm. column of redistilled phosphoric oxide. The 
estimated normal capacity component was between 0-58 and 7-1 mJ, according to the least 
igniting pressure. Under the circuit conditions, C and E, the capacity component energy was 
virtually confined to that due to the discharge of the ignition vessel inter-electrode capacity 
on breakdown of the gap. By a simple estimate based upon the observed breakdown-potential 
and the geometry of the spark-gap and lay-out of its associated leads (undamped), the energy 
of the capacity component under circuit conditions C and E was found to be not greater than 
1/20th of the corresponding normal capacity component energy. 








Complete discharge. Cut-off at end of first inductance component oscillation. 
Igniting Igniting 
power = Inductance power = Inductance 
Least 1000/ Capacity component. Least 1000/ Capacity component. 
Circuit igniting (least component ———‘———, igniting (least component oe eee 
con- pressure, igniting en x Energy, Duration, pressure, igniting e y, — 
ditions. mm. pressure). m mJ. m.-sec. mm. pressure). m r — 
Series I, 
A 92-5 10-8 0-62 149-0 6-7 1-6 
B 108-0 9-3 0-84 29-8 3-66 150-5 6-65 1-6 5-11 0-38 
C (a) 111-0 9-0 0-89 152-0 6-6 1-7 
D Noignition <3-3 6-7 — _ Noignition <2-9 8-8 _ _ 
at 304-0 at 350-0 
E Noignition <3-2 71 _ —_- Noignition <2-9 8-8 _ —_ 
at 313-0 at 350-0 
Series II. 
A 89-5 11-2 0-58 101-0 9-9 0-73 
B 90-5 11-1 0-59 23-8 2-67 114-5 8-7 0-95 4-65 0-36 
C (a) 92-0 10-8 0-61 119-0 8-4 1-0 
D 224 4-5 3-6 —_ — No ignition <3-8 5-0 _ - 
at 263 
E Noignition <4-0 45 -- — Noignition <3-8 5-0 a — 
at 250 at 263 


Series II, The mixture of CH, + 20, used in this series was dried as described in Series I 
above. 

By cathode-ray oscillographic means, the upper limit of the duration of the capacity com- 
ponent has been found previously to be certainly less than 10 p secs. (see Fig. 2, Joc. cit.), but 
since the most prominent frequency of the normal capacity component in the coil lay-out 
employed was 1-2 x 107 c./sec. (Joc. cit.), the total distributed capacity being about 80 cm., 
this estimate further reduces to less than 1 p sec., the extremely moderate damping factor of 
only 0-5 being assumed. 

Series IIJI—V. In these experiments the effect of variation in the inductance component 
peak current, discharge life, and the shape of the inductance component current-—time relation- 
ship of the discharge upon the igniting power was studied. It may be recalled that since the 
discharge voltage has previously been shown experimentally to be constant during the life of 
the inductance component (Proc. Physical Soc., loc. cit.) and since, as has now been shown, 
the effect of the capacity component is practically negligible in bringing about ignition, the 
current-time trace affords a measure of the effective discharge energy and of its rate of 
dissipation. 

The results of these experiments are summarised in Fig. 7. The circuit and other experi- 
mental conditions were as follows : 


Circuit Peak current, 


Series. Mixture. conditions. mA. Duration of discharge, m.-sec. 
III (a) (2CO + O,) + 5% H, A 96°3 Varied by cut-off between 0°47 and 6°0 
III (5) do. A 128°0 Varied by cut-off between 0°40 and 6°2 
III (c) do. C (b) 15-9—149°4 0°70—4°12 
IV (a) 2H, + O, A 96°3 Varied by cut-off between 0°60 and 6°19 
IV (b) do. A 128-0 Varied by cut-off } ~pa 0°38 and 6°27 
IV (c) do. C (b) 70°4—127°2 
V (a) CH, + 20, A 96°3 Varied by cut-off ~All 0°38 and 6°27 
V (b) do. A 6°27 


128-0 Varied by cut-off between 0°39 and 
V (c) do. C (b) 70°4—127°2 0°72 















0 Total duration 6-19 m.-sec. —> Fic. 4. 


Fic, 3. 





43-2mA —> 36-6 mA —> 
o> 
o— 
0 1-10 m.-sec. 
0 1-01 m.-sec. 
Fie. 5. Fic. 6. 
23-7 mA —> sens <> 
o—> o> 





c—_ 
co- 


0-70 m.-sec. 


0-71 m,-sec. 


Ordinates = current; absciss@ = time. 
(To face p. 76. 
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DISCUSSION. 


The results set forth for Series I and II afford striking evidence of the relative in- 
efficiency of the capacity component, i.e., a high-frequency condensed discharge, in the 
ignition of an explosive gaseous mixture, as compared with the inductance component, 
the discharge of which consists of damped oscillations of relatively low frequency and 
amplitude, superimposed upon a unidirectional flow suffering linear decay of only moderate 
slope. Thus, for example, a capacity component of approximately 0-6 mJ exhibited an 
igniting power certainly less, and possibly much less, than half that of a similar amount 
of energy dissipated by a truncated inductance component in igniting a (2CO + O,) + 5% 
H, mixture; and a similar result was obtained in the case of CH,+ 20,. These results » 
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not only bring out clearly the relative inefficiency of a high-frequency oscillatory dis- 
charge as a source of ignition, but also enable the conclusion to be drawn that the igniting 
power of any subsequent inductance component is but little, if at all, enhanced by a pre- 
ceding capacity component of dimensions similar to that met with in these experiments 
and therefore also in normal coil ignition practice. 

The results incorporated in Fig. 7 again show clearly that the igniting power of the 
coil discharge is associated in the main with its inductance component and, further, that 
not only the total energy of this component but also the peak and the mean rate of dissi- 
pation of such energy influence the igniting power to extents which vary with the nature 
of the explosive mixture. For example, whilst in the case of all the mixtures an increase 
in either the peak rate of dissipation of energy or the total amount of energy resulted in 
an increase in igniting power, the influence of the total duration of the discharge varied 
according to the nature of the gas mixture. Thus prolongation of the discharge beyond 
the second inductance component oscillation failed to effect any pronounced increase in 
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the igniting power in the case of the methane mixture, whereas with 2H, + O,, and even 
more so in the case of (2CO + O,) + 5% Hg, the igniting power of the discharge increased 
steadily with increasing discharge duration. With a damped and partially cut-off in- 
ductance component (as in Figs. 2—6) dissipating, e.g., 10 mJ, the order of decreasing 
sensitivity to ignition of the mixtures examined was 2H, + O,, (2CO + O,) + 5% H,, 
CH, + 20,; on the other hand, dissipation of a similar amount of energy in the form 
of a normal undamped, but suitably cut-off inductance component (as in Figs. 3—7, 
previous paper, Joc. cit.) resulted in an inversion of this order (see Fig. 7), thus confirming 
the fact already brought out, to the effect that whilst methane was more particularly 
sensitive to the peak rate of energy dissipation, the ignition of the other mixtures could 
be brought about more efficiently by increasing the life of the discharge at the expense 
of the peak rate of energy dissipation, the total spark energy contents remaining otherwise 
unchanged. 

To sum up: The effectiveness as a source of ignition of a unidirectional discharge, 
consisting of a train of more or less damped oscillations superimposed upon a decaying 
component, with a life of between 0-3 and 6-27 m.-sec. and of given total energy is deter- 
mined in the manner outlined above either by the peak or by the mean rate of energy 
dissipation according to the nature of the explosive mixture. It has also been shown 
experimentally that a partially cut-off inductance component can and does act more 
efficiently as a source of ignition than a capacity component dissipating nearly twice the 
energy. Finally, it has been shown experimentally (Proc. Roy. Soc., 1931, 134, 343) that 
the ignition of mixtures of carbonic oxide and air in their combining proportions by high- 
frequency oscillatory discharges is determined by the discharge frequency to such an 
extent that a reduction in either the total energy associated with the discharge or its 
peak rate of dissipation is more than outweighed by a suitable decrease in frequency and 
corresponding increase in the life of the discharge. For instance, a high-frequency spark 
dissipating 2-30 J, the discharge frequency being 570 k.c./sec., was found to be less effective 
than a spark of 1-43 J and 340 k.c./sec. 

The above results are in direct conflict with the thermal theory of ignition, because 
they show that the discharge duration can and does determine the igniting power of a 
spark to a greater extent than either the total energy associated with the discharge or 
its maximum rate of dissipation. The thermal theory, however, suggests that “ the 
ignition of a gaseous mixture depends primarily . . . on the heating of a sufficient volume 
to a sufficient temperature ’’ (Taylor-Jones, Morgan, and Wheeler, Phil. Mag., 1922, 43, 
359), which leads to the corollary that ‘‘ the heat energy required in the source for ignition 
is least when the heat is imparted instantaneously ” (Morgan, Phil. Mag., 1931, 11, 158) ; 
from which it follows that the igniting power of discharges dissipating equal energy amounts 
should increase with increasing rate of dissipation of such energy, but never with increasing 
discharge duration. Under the conditions of our experiments, however, this has now 
been shown to be contrary to fact. ; 

Taking the statement of the thermal theory as set forth above, it is not difficult to 
show that this theory implies the view that the igniting power of a given quantity of 
energy lies dormant until the energy is converted into heat and thus increases with in- 
creasing lack of availability of such source energy. Thus, temperature, a statistical 
measure of the mean kinetic energy of the random translatory motions of the molecules 
of a system, is a fundamental conception which loses in significance as the entropy falls 
below the maximum consistent with the energy of the system. As in the case of a single 
molecule, the term temperature is meaningless when applied to mass motion. And since, 
according to the thermal theory, ignition calls for the raising of the gas to a sufficient 
temperature, it is clear that this view suggests that, in the case of a source of least igniting 
energy, the entropy/energy ratio of the system must be at a maximum before ignition 
can be determined therein. Coward and Meiter (J. Amer. Chem. Soc., 1927, 49, 396) as 
a result of their experiments appear, indeed, to have arrived at this conclusion, because 
they state that ‘‘ nothing in the results of (their) experiments suggests the intervention 
of any electrical effect of the spark . . . other than the normal effect of the degradation 
of its electrical energy.” It would seem difficult to reconcile this view with well-known 





alt oe Ooh, 


— 


7 hel CO es tl CUCU TLTFHUCNSG 

















The Modes of Addition to Conjugated Unsaturated Systems. Part VI. 79 


facts such as, e.g., those relating to the photo-ignition of hydrogen-chlorine mixtures and 
the adiabatic compression ignition of hydrogen—-oxygen mixtures (Dixon and Crofts; 
Bone and Townend, ‘‘ Flame and Combustion in Gases,’”’ 1927, p. 75). 

The facts relating to the ignition of gases, so far as they are now known, can, however, 
be reasonably explained on lines previously suggested (Proc. Roy. Soc., 1931, 134, 350), 
according to which, combination is determined by a prior excitation of the molecules to 
suitable energy levels; excitation falling short of, or exceeding, such levels leads in the 
main to waste of igniting energy. According to this quite general “‘ excitation ’’ view of 
ignition, temperatyre, as a measure of collision frequency, is only of secondary significance. 
Heat is but one af several forms of energy capable of giving rise to suitable excitation 
and, owing to the random element, by no means necessarily the most efficient. 
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24. The Modes of Addition to Conjugated Unsaturated Systems. Part 
VI. Addition of Halogens and Hydrogen Halides to Conjugated 
Unsaturated Carboxylic Acids and Esters. 


By C. K. Incotp, G. J. PRITCHARD, and (in part) H. G. SMITH. 


THE classification of addition reactions according to the nature of the addendum and the 
structural influences affecting the unsaturated system, introduced in order to serve as a 
basis for an orientation theory of additions to conjugated unsaturated systems, recognises 
the following six categories : 

Case 1. Both parts of addendum stable as anions (e.g., Br,, ICl). Structural influences 
(a) favour, (b) inhibit anionotropy. 

Case 2. One part of addendum stable as anion, and the other as cation, the cationic 
component being the more reactive (e.g., HBr). Structural influences (a) favour, (bd) 
inhibit anionotropy. 

Case 3. One part of addendum stable as anion, and the other as cation, the anionic 
component being the more reactive [e.g., HCN, CH,(CO,Et),]. 

Case 4. Both parts of addendum stable as cations (e.g., H,). ‘ 

Some consideration has already been given to four of these categories (cases la, 2a, 
3, and 4) in the previous Parts of this series (J., 1928, 910; 1929, 2022; 1931, 2752, 2765), 


.and this preliminary survey is now completed by a brief discussion of the remaining cases 1b 


and 26. These cases are the most difficult of all to deal with theoretically, because opposing 
influences are at work which cannot in general be relatively evaluated on a priori grounds. 
The type of example considered may be represented by the addition of bromine or hydrogen 
bromide to a A*-unsaturated acid or a A*-di-unsaturated acid, and, in the attempted 
application of the general methods of the theory to determine the orientation of additions 
in the butadiene series, the difficulty of weighting the opposing factors arises as follows. 
First, in relation to the question as to where addition will be initiated, the addendum is 
electrophilic, and therefore demands a centre of high electron-availability; but the con- 
jugated unsaturated system contains an electron-sink, and therefore, in so far as it func- 
tions as a conjugated system, is primarily adapted to the production of regions of low 
electron-availability. It will in general be true that one or more of the unsaturated units 
composing the conjugated systems could, if it were isolated and free to polarise independ- 
ently, produce a centre of greater electron-availability than can possibly arise through 
the polarisation of the conjugated system as a whole. Thus, because the conjugated 
system can produce only polarisation of a kind contrary to that required by the reagent, 
the forces incidental to reaction must tend to disorganise the function of conjugation, 
and, should these disintegrating forces be sufficiently powerful, then a reaction may ensue, 
the initiation of which depends on the more or less separate action of some portion of the 
complete conjugated system. Whether the disorganising forces of reaction will be strong 
enough to bring about this result in a given example cannot, in general, be foretold theoretic- 
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ally. On the other hand, the theory may still have a limited application in that, if the 
effect is observed experimentally in one case, it may be possible to say that it should occur 
a fortiori in certain others. The second difficulty arises in the determination of the position 
at which reaction will be completed. The point here is that the electron-sink will reduce 
the tendency to electrolytic dissociation, and therefore the mobility, of the anionotropic 
system produced in the first stage of the addition. Therefore, the cationic charge pro- 
duced in the initial stage of the reaction may become bound by the associated anion in a 
way which does not lead to the normal statistical electron-distribution in the free cation; 
and in that event the actual addition product will not be that which is thermodynamically 
the most stable product. Once again, it is impossible theoretically to assess the precise 
constitutional condition necessary to bring about this result; nevertheless, assisted by 
observation, the theory may have some limited application, and it is possible at once to 
appreciate certain general relations, such as that vicinal addition may be relatively more 
prevalent in the cases (1b and 2b) now considered than in the corresponding cases (la and 
2a) in which no uniquely electron-absorbing group is a component part of the unsaturated 


system. 


Case 1b. Addition of Halogens to Conjugated Unsaturated Carboxylic Acids and Esters. 


Since the constitution of an addition product of chlorine or bromine does not alone 
indicate the order of entrance of the two parts of the addendum, a complete knowledge 
of the course of the reaction requires also the identification of the point of initial attack. 
Two methods have been used in order to make this diagnosis. The first, which is em- 
ployed with success in one example only in this paper, consists simply in the use of the 
unsymmetrical halogen, iodine chloride (Ingold and Smith, J., 1931, 2742), the location 
of the iodine atom after addition marking the site of initiation of halogen attack. The 
second method, which we have applied rather more widely, employs the competition 
principle established by the experiments of Terry and Ejichelberger and of Francis (/. 
Amer. Chem. Soc., 1925, 47, 1067, 2340. Compare Ingold and Smith, J., 1931, 2755), 
who have shown that the cation formed in the first stage of addition of a halogen can be 
caused to take up a foreign anion, such as the hydroxide ion, giving a product the con- 
stitution of which directly indicates the point of initial attack. 

8-Vinylacrylic Acid.—As Farmer and Healey (J., 1927, 1060) and Muskat, Becker, 
and Lowenstein (J. Amer. Chem. Soc., 1930, 52, 326, 812) have shown, vinylacrylic acid 
yields a y8-dichloride and a y8-dibromide. Employing the Terry—Eichelberger—Francis 
principle, we have studied the action of chlorine and bromine on vinylacrylic acid in aqueous 
solution. In each case the main product was a halogenohydrin, which was shown by 
ozonolytic degradation to be a 8-halogeno-y-hydroxy-compound. These halogenohydrins 
had properties identical with those of the halogenohydrins which Muskat and Hudson 
(J. Amer. Chem. Soc., 1931, 53, 3179) prepared by direct addition to vinylacrylic acid of 
the appropriate hypohalous acids, and arbitrarily (and, we consider, incorrectly) identified 
as y-halogeno-8-hydroxy-compounds. In these results one observes the disintegrating 
action of halogen attack on the conjugated system, and the vicinal location of the com- 
ponents of the addendum. Similar conditions (8-initiation and y8-orientation) would 
be expected to obtain in all butadiene-«-monocarboxylic acids, containing neither an 
unsaturated 8-substituent nor a second electron-attracting «- or y-substituent. It might 
also be anticipated that any by-product should be characterised by «-initiation and, 
probably, «8-orientation. Our experiments on the halogenation of vinylacrylic acid left 
us with the impression that a by-product is formed, although we were unable to determine 
its nature. 

Sorbic Acid.—It has been shown by Auwers and Heyna (Amnalen, 1923, 434, 140) 
that the addition of bromine in inactive solvents to sorbic acid leads mainly to the yé- 
dibromide. This result is now confirmed, and it is proved in addition that the «8-dibromide 
is also formed in small amount. Furthermore, it is shown that the principal product of 
the addition of iodine monochloride is the y-chloro-8-iodo-compound. These results were 
obtained by our collaborator, Dr. H. G. Smith, and were recorded by him, and discussed 
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on the lines indicated above, in a thesis presented to the University of Leeds in 1929. 
Continuing the investigation concerning the point of initial attack of halogens, we have 
treated sorbic acid with chlorine in the presence of water, and have obtained as the main 
product a crystalline chlorohydrin, which is proved by oxidation to be the 8-chloro-y- 
hydroxy-derivative. We imagine that this may be the substance which Bloomfield and 
Farmer (J., 1932, 2072) obtained in an impure form by the addition of hypochlorous acid 
to sorbic acid, and described as possessing so strong a tendency to reversible lactonisation 
that it was impossible to isolate either the hydroxy-acid free from its lactone, or the lactone 
free from its hydroxy-acid. On the other hand, when we used Bloomfield and Farmer’s 
reagent we had no difficulty in obtaining as the main product the pure hydroxy-chloro- 
acid mentioned above, and this in our experience possesses little, if any, tendency to pass 
spontaneously into a lactone. It also combined readily with ozone, a reagent which left 
Bloomfield and Farmer’s product largely unattacked. Similarly, the main product of 
the action of bromine on sorbic acid in the presence of water was shown to be the 8-bromo- 
y-hydroxy-derivative, and the same compound was formed also by the direct addition of 
hypobromous acid. Evidently vinylacrylic and sorbic acids are consistent in behaviour : 
the attack of the halogen is mainly initiated in the 8-position and completed in the y- 
position. A secondary reaction is expected, which should commence at the «- and terminate 
at the £-position, and it is consistent with this that an «$-dibromide has been shown to 
arise in the addition of bromine to sorbic acid. 

Cinnamylideneacetic Acid.—It has already been indicated that the regularities illustrated 
in the preceding two paragraphs are not expected to apply to vinylacrylic acids containing 
an unsaturated substituent (7.e., an electron-distributing mechanism) attached to the 
8-position. Such a substituent should tend to dissipate any 3-polarisation, and thus should 
handicap the reagent in its attempt to bring about a favourable polarisation, contrary to 
the forces uniting the conjugated system. It is, therefore, noteworthy that Hinrichsen 
and Triepel (Annalen, 1904, 336, 221) were able to show that the principal product of the 
addition of one molecule of bromine to methyl cinnamylideneacetate is the «$-dibromide. 
Thus the secondary addition of sorbic acid becomes the primary reaction in this example. 

Cinnamylidenemalonic Acid.—The preceding discussion recognises the existence of a 
competition between the C,- and the C;-carbon atom for the electrophilic reagent; and 
the «$-addition of bromine to cinnamylideneacetic acid shows that the influence of the 
carboxyl group in absorbing an electron-donating C,-polarisation, and in thus deactivating 
C,, is less effective than that of the phenyl group in dissipating the C;-polarisation, and 
thus deactivating C3; for the «-position in cinnamylideneacetic acid is the more reactive. 
Obviously the introduction of a further electron-absorbing substituent into the 3-position 
would merely intensify this result ; on the other hand, the introduction of such an additional 
electron-absorbing group into the «-position might evidently invert the relative reactivities 
of the «- and 8-positions, and it is therefore highly significant that Hinrichsen and Triepel 
(loc. cit.) succeeded in demonstrating the y3-addition of bromine to methyl cinnamyl- 
idenemalonate. 

Muconic Acid.—Chandrasena and Ingold (J., 1922, 121, 1307) showed that the product 
of the addition of one molecule of bromine to ethyl muconate was the «8-dibromide, but 
the proof of this rested on the elucidation of a somewhat complicated oxidative degradation. 
We have now confirmed the orientation of this dibromide by a simple method based on 
ozonolysis. We have also prepared the addition product of ethyl muconate with iodine 
monochloride; but we have not yet succeeded in orienting this derivative, for, although 
«-initiation is considered the most probable mode of reaction, the case is one of those in 
which the site of the initial attack cannot with certainty be deduced from theoretical 
considerations. 


Case 2b. Addition of Hydrogen Halides to Conjugated Unsaturated Carboxylic Acids 

and Esters. 

This case is simpler than the one considered in the foregoing section, because we may 
be sure that the hydrogen atom of the polarised addendum will form the spearhead of 
the reagent’s attack, and will enter the system by co-ordination with the carbonyl oxygen 

G 
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atom. In the hydrohalide finally produced this hydrogen atom will therefore be found 
to be attached to the a-carbon atom of the butadiene system. On the other hand, there 
remains a certain ambiguity concerning the point at which addition will be completed ; 
for although, as the result of «-attack, the carboxyl group becomes separated from the 
anionotropic system, it is impossible to know whether the orientation of the halogen atom 
in this system will be determined before or after the prototropic rearrangement. Thus, 
in a case such as $-vinylacrylic acid all that can be stated on theoretical grounds is that 
it should form either an «-hydro-f-halide or an «-hydro-8-halide. On the other hand, in 
an example such as cinnamylideneacetic acid the presence of a strongly electron-releasing 
8-substituent eliminates any such uncertainty, and the addition product definitely should 
possess the constitution of an «-hydro-8-halide. 

8-Vinylacrylic and Sorbic Acids.—These acids belong to the same theoretical category. 
We were unable to obtain a monohydrobromide of either, but succeeded in preparing a 
monohydrochloride of sorbic acid. It was proved to be the a-hydro-8-chloride. 

Cinnamylidene-acetic and -malonic Acids.—These acids also are theoretically in an 
identical case. The monohydrobromide of the former was prepared by Riiber (Ber., 1911, 
44, 2976), who proved the residual double linking to be in the y8-position ; this is consistent 
with the theoretical requirement that the compound should be the «-hydro-f$-bromide. 
Similarly Hinrichsen and Triepel (Joc. cit.) obtained a monohydrobromide of methyl 
cinnamylidenemalonate, and showed it to be the theoretically required «-hydro-8-bromide. 


Proof of Structure of the Various Addition Products of Halogens and Halogen Acids to 8- 
Vinylacrylic and Sorbic Acids and to Ethyl Muconate. 


The various proofs of constitution adduced in the experimental section are summarised 
in the following scheme of formule. The structures of the main dibromide of sorbic acid, 
and of the dibromide of ethyl muconate, were known prior to the present work (Auwers 
and Heyna, /oc. cit.; Chandrasena and Ingold, Joc. cit.). 


Products from 8-Vinylacrylic Acid. 
o 
(1) Cl, + H,O —> CH,CI-CH(OH)-CH:CH-CO,H Tg CH,Cl-CH(OH)-CHO + CO,H-CO,H 
a 
SF 
CH,°CO-CHO ————> 2: 4-dinitrophenylosazone 
(2) Br, + H,O —> CH,Br-CH(OH)-CH:CH-CO,H ay CH,Br-CH(OH)-CHO -++ CO,H-CO,H 


Products from Sorbic Acid. 
" O; ‘CH,°CH:CBr-CHO ——> semicarbazone 
oy CH,°CHBr-CHBr-CH:CH-CO,H “jo” + HBr + CHO-CO,H —->» semicarbazone 
oe 
Ss 


al. eS ———}> 
2 —~ Oo : 
dy CH’ . , CH,-CHO ——-> p-nitrophenylhydrazone 
— re H,O + €0,H-CHBr-CHBr-CO,H —-> Et ester 


bases 
(4) ICl —-> CH,-CHI-CHCI-CH:CH-CO,H ——> CH,°CH:CCI-CH:CH-CO,H ——-> Et ester 
af 
Od 


CH,‘CHO (—+» p-nitrophenylhydrazone) + HCl + CO,H-CO,H 
CH,°CHCI-CO,H (—>chloride —> anilide) + CO,H-CO,H 


MnO, -—o— 
(5) Cl, + H,O —> CHyCHCI-CH(OH)-CH:CH-CO,H (also by HOCI) [> CHyCHCICH-CH, CHO 
Jo, +H,O0 
CH,°CH,CO-CHO (—> 2 : 4-dinitrophenylosazone) + CO,H-CO,H + { a 
0, + H,O 


(6) Br, + H,O —> CH,-CHBr-CH(OH)-CH:CH-CO,H (also by HOBr) 
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(1) HCl —> CH,CHCICH:CH-CH,CO,H —>> CH,CHCICHO 
3? 
CH,*CH(OH)-CHO —> CH,;°CO-CHO —-> 2: 4-dinitrophenylosazone 


Products from Ethyl Muconate. 
(8) Br, —-> CO,Et-CHBr-CHBr-CH:CH:-CO,Et ha CO,Et-CH:CBr-CHO (—-> 2: 4-dinitrophenyl- 
osazone) +- CO,H-CHBr-CHBr-CO,H (—-> Et ester) + CO,H’CO,H + HBr 
(9) ICl —> CO,Et-CHI-CHCl-CH:CH:CO,Et (or, less probably, CO,Et-CHCIl-CHI-CH:CH-CO,Et) 


Na,CO, e . 
CO Et-CH:CH-CH:CH:CO,Et ” CO,H-CO,H + I,, etc. - 


EXPERIMENTAL. 


(1) Action of Chlorine on B-Vinylacrylic Acid in the Presence of Water.—The acid was pre- 
pared in the manner described by Burton and Ingold (J., 1929, 2028), and crystallised from 
ether—ligroin (1: 3 by vol.) between the b. p. and 0°. A solution of the acid (15 g.) in water 
(1 1.) at 50° was treated with a solution of chlorine (10-6 g.) in water (1-51.). The solution was 
concentrated by evaporation, extracted with chloroform to remove unchanged vinylacrylic 
acid, saturated with sodium chloride, and extracted with ether. The 8-chloro-y-hydroxy-As- 
pentenoic acid thus obtained was washed with ligroin and crystallised from chloroform—benzene, 
from which it separated in colourless needles, m. p. 73—74° (yield, after purification, 60%) 
(Found: Cl, 23-7. C,H,O,Cl requires Cl, 23-6%). By treating an ethereal solution of B- 
vinylacrylic acid with an aqueous solution of hypochlorous acid (2 mols.), a dichlorodihydroxy- 
valeric acid was produced, which, after crystallisation from ether, had m. p. 166° (Found: C, 
29-9; H, 4-0; Cl, 34-2. C,;H,O,Cl, requires C, 29-6; H, 3-9; Cl, 34-:9%). Muskat and Hudson 
(loc. cit.) record the m. p. of this compound as 143°. The monochlorohydrin on treatment 
with ozonised oxygen in ethyl acetate solution yielded a product which on decomposition with 
boiling water gave hydrochloric and oxalic acids and a volatile substance; this, carried by 
means of a stream of air into a solution of 2: 4-dinitrophenylhydrazine in 2N-hydrochloric 
acid, gave methylglyoxal 2: 4-dinitrophenylosazone, which, after crystallisation from acetic 
anhydride, had m. p. 299—300° (decomp.), and was identified by analysis (Found: C, 41-8; 
H, 2-8; N, 25-9. C,;H,,O,N, requires C, 41-7; H, 2-8; N, 25-9%), and by comparison with 
a specimen prepared from a sample of methylglyoxal kindly supplied by Professor H. L. Riley. 

(2) Action of Bromine on 8-Vinylacrylic Acid in the Presence of Water.—The preparation 
of 8-bromo-y-hydroxy-A*-pentenoic acid was carried out by the method described in the case of 
its chlorine analogue, except that the extraction with chloroform was omitted. The yield was 
70%, and the product, crystallised from benzene, had m. p. 92—93° (Found: C, 30-9; H, 
3-7; Br, 40-7. C,;H,O,Br requires C, 30-8; H, 3-6; Br, 41-00%). The same compound was 
obtained by the action of aqueous hypobromous acid on ethereal 8-vinylacrylic acid. The 
ozonolysis of the addition product proceeded just as in the previous case, and in particular 
the methylglyoxal 2: 4-dinitrophenylosazone was again identified by analysis (Found: C, 
41-7; H, 2-8; N, 25-9%), and by direct comparison. 

(3) Addition of Bromine to Sorbic Acid (with H. G. Smith).—The addition of bromine to 
sorbic acid in carbon disulphide solution proceeds as Auwers and Heyna have described, and, 
with this solvent, and likewise with chloroform and with hexane as solvents, the main product 
was the crystalline y3-dibromide, which was formed together with a liquid by-product. The 
quantity of this liquid was considerable when the above-mentioned solvents were used, but 
was much less when the bromination was carried out with bromine in glacial acetic acid, or 
with quinolinium tribromide in the same solvent, the temperature in all cases being that of 
the room. This liquid product was examined by Farmer and Healey (J., 1927, 1060), who 
came to the conclusion that it contained nothing but the y8-dibromide; we show below that it 
contains the «®-dibromide also. First, concerning Auwers and Heyna’s dibromide, we also 
ozonised it and obtained not only a-bromocrotonaldehyde, but also the complementary pro- 
duct, glyoxylic acid. In this experiment the compound was treated with a stream of ozonised 
oxygen in the presence of chloroform and water, and the two layers were separated and 
evaporated. The residue from the chloroform was boiled with a concentrated aqueous solution 
of potassium acetate, and the a-bromocrotonaldehyde was separated by distillation in steam, 
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and converted into its semicarbazone (Found: C, 29-2; H, 3-8, Calc.: C, 29-1; H, 3-9%). 
The residue from the aqueous layer yielded crystals of oxalic acid together with a syrup from 
which glyoxylic acid semicarbazone was prepared (Found: C, 28-2; H, 3-8. Calc.: C, 27-5; 
H, 3-8%). The liquid sorbic acid bromide contained a certain amount of the tetrabromide 
(easily isolated after ozonolytic destruction of the unsaturated substances), and it was necessary 
to remove this before proceeding with the search for isomeric dibromides. To this end the 
liquid bromide fraction was esterified by passing a stream of ethyl alcohol vapour through its 
solution in 5% alcoholic sulphuric acid, which was maintained for 3 hours at its boiling point, 
and at approximately constant volume under a short fractionating column. The alcoholic 
solution was poured into water, and the esters were collected in ether, washed with sodium 
hydrogen carbonate solution and with water, dried with sodium sulphate, and fractionated. 
The whole of the dibromides were contained in a fraction which was collected at 135—155°/20 
mm., and boiled, for the most part, near the middle of this range (Found: C, 31-7; H, 4:1. 
C,H,,0,Br, requires C, 32-0; H, 40%). The alkaline washings from the esterification yielded 
on acidification, sorbic acid tetrabromide. The ethyl sorbate dibromide was ozonised as de- 
scribed above and, after removal of most of the chloroform, the product was oxidised with 
hydrogen peroxide, the volatile products were passed through #-nitrophenylhydrazine solution, 
and the p-nitrophenylhydrazone of acetaldehyde (Found: C, 53-9; H, 5-3; N, 23-5. Calc.: 
C, 53-6; H, 5-1; N, 23-5%) was thus obtained in quantity. The odour and lachrymatory 
effect of «-bromocrotonaldehyde were noticed. The product was separated by means of ether 
and aqueous sodium carbonate into a small neutral and a large acid fraction, and the latter 
was boiled for a short time with concentrated hydrochloric acid. The solution thus obtained 
was shown to contain oxalic acid, but it also yielded a crystalline acid, which, after several 
crystallisations from water, sublimed at 250° and consisted of pure dibromosuccinic acid (Found : 
C, 17-8; H, 1-6; Br, 57-8. Calc.: C, 17-4; H, 1-5; Br, 57-9%). The identity of this acid 
was confirmed by the preparation of its ethyl ester, m. p. 67°, which was directly compared 
with a specimen of known origin. 

(4) Addition of Iodine Monochloride to Sorbic Acid (with H. G. Smith).—Sorbic acid and 
freshly distilled iodine monochloride were allowed to interact in glacial acetic acid at room 
temperature. After the greater part of the acetic acid had been removed in an evacuated 
desiccator over potassium hydroxide, vigorous stirring caused the formation of a thick paste 
of crystals. The +-chloro-8-iodo-B-ethylacrylic acid thus obtained, after crystallisation from 
light petroleum, had m. p. 88° (Found: C, 26-7; H, 3-1. C,H,O,CII requires C, 26-2; H, 
2-9%). The by-product was a liquid which has not yet been examined. We were not able 
to remove the elements of hydrogen iodide quantitatively from the above iodochloride, and on 
treatment with weak bases it invariably yielded a mixture of sorbic acid and a chlorosorbic 
acid, from which the latter could only be separated with difficulty by direct crystallisation. 
Thus the iodochloride was boiled for 4 hour with ethyl-alcoholic potassium acetate, or for a 
few minutes with excess of pyridine, or was left for some hours in cold pyridine solution; in 
all cases the mixture was poured into dilute hydrochloric acid and extracted with ether, and 
an acid product was obtained, m. p. 90—110°. This was esterified with ethyl alcohol by the 
method described in the preceding section in connexion with the purification of liquid sorbic 
acid dibromide. The esters on distillation split up into two distinct fractions, the first of which 
was ethyl sorbate, and the second, b. p. 105—110°/15 mm., was ethyl y-chlorosorbate, which 
solidified on cooling. Crystallised from aqueous alcohol, the ester formed flattened prisms, 
m. p. 31—32° (Found: C, 55-0; H, 6-4. C,H,,0,Cl requires C, 55-2; H, 6-3%). On boiling 
for 2 hours with 20% hydrochloric acid the ester gave y-chlorosorbic acid (compare Riedel 
and Straube, Annalen, 1909, 367, 51), m. p. 117° (Found: C, 49-5; H, 4:5. Calc.: C, 49-1; 
H, 4:8%). The constitution of the acid was confirmed by ozonolysis; the ozonide, formed in 
chloroform solution and decomposed by boiling with water, yielded acetaldehyde, which was 
identified by conversion into its p-nitrophenylhydrazone, and acetic, hydrochloric, and oxalic 
acids. 

(5) Action of Chlorine on Sorbic Acid in the Presence of Water.—A solution of sorbic acid 
(10 g.) in water (2 1.) at about 85° was mixed with a solution of chlorine (7 g.) in water (1650 
c.c.). After concentration, and removal of a small amount of unchanged sorbic acid which 
separated during this process, the product was extracted with ether and crystallised twice from 
chloroform. It had m. p. 97°, and the yield was about 70%, allowance being made for the 
recovered sorbic acid (Found: C, 43-8; H, 5-4; Cl, 21-8. C,H,O,Cl requires C, 43-8; H, 5-5; 
Cl, 216%). The same compound was obtained by treating an ethereal solution of sorbic acid 
with an aqueous solution of hypochlorous acid prepared as recommended by Bloomfield and 
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Farmer. The product, extracted with ether, was purified by solution in a small amount of 
water, and subsequent crystallisation from chloroform (m. p. and mixed m. p. 97°). This 
substance is shown to be 8-chloro-y-hydroxy-A*-hexenoic acid. An impure substance, claimed 
to be a mixture of this acid and its lactone, was obtained by Bloomfield and Farmer (loc. cit.) 
by the use of hypochlorous acid, but, on account of the marked difference of properties between 
our product and theirs, identity could not be assumed, and we have therefore placed the con- 
stitution of our compound on an independent experimental basis. This was done in the first 
instance by the use of ozone, a reagent which left Bloomfield and Farmer’s product largely 
unattacked. The ozonide was formed in ethyl acetate solution, and decomposed in the usual 
manner by boiling with water. The volatile products were drawn from the hot solution through 
a solution of 2 : 4-dinitrophenylhydrazine in 2N-hydrochloric acid, and in this way a precipitate 
was obtained which on crystallisation from acetic anhydride gave ethylglyoxal 2 : 4-dinitro- 
phenylosazone, m. p. 247° (Found: C, 43-0; H, 3-2; N, 24-8. C,,H,,O,N, requires C, 43-0; 
H, 3-1; N, 25-1%), together with its lower homologue [m. p. and mixed m. p. 294° (decomp.)] 
(Found : C, 41-7; H, 2-8; N, 25-7. Calc.: C, 41-7; H, 2-8; N, 25-9%). The residual aqueous 
solution was shown to contain hydrochloric acid and oxalic acid (m. p. and mixed m. p.). An 
independent proof of constitution was obtained by combining the results of an oxidation by 
permanganate with those of a catalytic reduction. A neutral solution of the chlorohydroxy- 
acid in sodium hydrogen carbonate was treated with magnesium sulphate, and a sufficient 
amount of 3% permanganate solution to supply 6 atoms of oxygen. Oxidation was allowed 
to proceed in the cold, and, after removal of the manganese oxides, the solution without con- 
centration was extracted with a large volume of ether. The product was partly crystalline and 
the crystals were identified as oxalic acid. The liquid portion had b. p. 180—186° and consisted 
essentially of «-chloropropionic acid, the anilide, m. p. and mixed m. p. 92°, of which was ob- 
tained by successive treatment with thionyl chloride and aniline. The reason for conducting 
this oxidation in neutral solution was that in the absence of magnesium sulphate the alkali 
developed during oxidation removes chlorine from the oxidation product, as was shown by 
quantitative estimates of the amount of chloride ion produced. The reduction of the chloro- 
hydroxy-acid (30 g.) was effected in aqueous solution (300 c.c.) by means of hydrogen (4 1.) 
at atmospheric pressure in the presence of Adams’s platinum oxide catalyst. The 8-chloro-y- 
hexolactone, isolated by extraction with ether, formed an oil, b. p. 130—132°/16 mm., 243°/756 
mm. (Found: C, 49-0; H, 6-2. Calc.: C, 48-5; H, 6-1%), which on being cooled set to a mass 
of crystals, m. p. ca. 10°. The lactone was slowly soluble in cold aqueous sodium hydroxide, 
and it slowly decolorised cold permanganate solution. 

(6) Action of Bromine on Sorbic Acid in the Presence of Water.—A solution of sorbic acid 
(10 g.) in water (2 1.) at about 85° was treated with a solution of bromine (18 g.) in cold water 
(1 1.). The solution was concentrated, filtered from a small amount of sorbic acid, saturated 
with sodium chloride, and extracted with ether, and a further small amount of sorbic acid was 
removed from the reaction product by redissolving it in a small amount of water and re-extract- 
ing it with ether. The main product was 8-bromo-y-hydroxy-A*-hexenoic acid, which crystallised 
from chloroform in small hard prisms, m. p. 110° (Found : C, 34-6; H, 4-3; Br, 37-8. C,H,O,Br 
requires C, 34-5; H, 4-3; Br, 38-2%). An oily by-product was also obtained, which was esterified 
with methyl alcohol, and the esters were separated by distillation into two principal fractions. 
The less volatile of these had b. p. 118°/0-5 mm., and on analysis gave figures agreeing with 
those required: for a methyl bromohydroxyhexenoate (Found: C, 37:3; H, 4:8. Calc.: C, 
37-6; H, 4:9%). The more volatile fraction, b. p. 148—150°/0-5 mm., yielded a solid, which 
crystallised from chloroform in colourless needles, m. p. 154—155° [Found : C, 35-4; H, 4-7; 
Br, 33-0; M (Rast), 250. C,H,,0,Br requires C, 35-1; H, 4-6; Br, 33-4%; M, 239]. When 
an ethereal solution of sorbic acid was treated with an aqueous solution of hypobromous acid, 
the product, isolated as in the corresponding experiment with hypochlorous acid, proved to 
be identical with the bromohydroxyhexenoic acid described above. This substance was ozonised 
precisely as described for the corresponding chloro-compound in the preceding section; the 
identified products were ethylglyoxal, which was isolated as its 2 : 4-dinitrophenylosazone, and 
oxalic acid. Brief reference may be made to two further experiments. Bromine was added 
to methyl sorbate in suspension in a large amount of water. The product, b. p. 107—111°/0-5 
mm., consisted principally of methyl y8-dibromo-A*-hexenoate, since on ozonolysis it gave 
a-bromocrotonaldehyde, which was isolated as its 2 : 4-dinitrophenylhydrazone. This substance 
crystallised from ethyl acetate in deep red needles, m. p. 220° (decomp.) (Found: C, 36-8, 
36-7; H, 2-9, 2-7; N, 15-9, 16-3; Br, 24-4. C,,H,O,N,Br requires C, 36-5; H, 2-7; N, 17-0; 
Br, 24-3%). Bromine was added to sorbic acid dissolved in absolute ethyl alcohol, the solution 
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was neutralised with dilute ethyl-alcoholic potassium hydroxide, and evaporated until a test 
portion gave a crystalline precipitate on acidification. The whole solution was then poured 
into dilute hydrochloric acid; the precipitate obtained crystallised from benzene in needles, 
m. p. 135°, and was shown to be y-bromosorbic acid (Found : C, 38-2; H, 3-7; Br, 41-4. Calc. : 
C, 37-7; H, 3-7; Br, 41-9%), an acid for which Farmer and Healey (oc. cit.) record m. p. 140°. 
The same substance, m. p. 135°, was obtained by treating y3-dibromo-A*-hexenoic acid with 
dilute ethyl-alcoholic potassium hydroxide, and the constitution assigned to it was confirmed 
by ozonolysis, the products of which were acetaldehyde, isolated as its 2 : 4-dinitrophenyl- 
hydrazone, and oxalic acid. 

In the course of these experiments acetaldehyde 2 : 4-dinitrophenylhydrazone was obtained 
in two modifications possibly identical with the two recently described by Bryant (J. Amer. 
Chem. Soc., 1933, 55, 3201), although this author does not record the m. p. of his less stable 
form. Our less stable modification was precipitated in alcoholic sulphuric acid, and could be 
purified by crystallisation from benzene without change. It formed orange-red needles, m. p. 
146° (Found : C, 43-4; H, 3-6. C,H,O,N, requires C, 42-9; H, 3-6%), and when crystallised 
from ethyl alcohol reverted to the more stable modification, which forms yellow plates, m. p. 
162°. 

(7) Addition of Hydrogen Chloride to Sorbic Acid—Hydrogen chloride (26 g.), dried by 
passage over phosphoric oxide, was condensed in a thick-walled glass tube, cooled in liquid 
air. Sorbic acid (8 g.) was added, and the tube was closed, kept at the ordinary temperature 
for several days, and then opened in order to allow the excess of hydrogen chloride to escape. 
The product, an oil which decomposed on distillation, consisted largely at least of 8-chioro- 
A8-hexenoic acid (Found: Cl, 21-7. C,H,O,Cl requires Cl, 23-9%), since its ozonide, produced 
in chloroform solution, gave, when decomposed with water, methylglyoxal, which was isolated 
in the form of its 2: 4-dinitrophenylosazone, m. p. 293—294° (decomp.) (Found: C, 41-8; 
H, 2-8; N, 26-0%). 

(8) Addition of Bromine to Ethyl Muconate.—The dibromide, m. p. 81° (Found: C, 33-9; 
H, 4:1; Br, 44-3. Calc.: C, 33-5; H, 3-9; Br, 44-7%), was treated with ozonised oxygen in 
chloroform solution, and the ozonide, after removal of the solvent, was decomposed with water. 
The neutral product contained ethyl 8-bromo-f-aldehydoacrylate, the 2: 4-dinitrophenyl- 
hydvazone of which separated from ethyl acetate in yellow plates, m. p. 193—194° (Found : 
C, 37-1; H, 3-0; Br, 20-4. C,,H,,O,N,Br requires C, 37-2; H, 2-8; Br, 20-6%). The acid 
fraction contained oxalic acid, which was removed as its calcium salt, and also a soluble crystal- 
line acid, which sublimed at 250—260°. On esterification with ethyl alcohol in the presence 
of sulphuric acid this yielded a crystalline ester, which was identified as ethyl i-dibromosuccinate, 
m. p. and mixed m. p. 58° (Found: C, 29-1; H, 3-7. Calc.: C, 28-9; H, 3-6%). 

(9) Addition of Iodine Monochloride to Ethyl Muconate (with H. G. Smith).—A solution of 
ethyl muconate (6 g.) and freshly distilled iodine monochloride (6 g.) in glacial acetic acid (100 
c.c.) was kept at room temperature over-night, and the solution was then poured into water 
and extracted with ether. The extract, washed with dilute sodium carbonate solution, sodium 
thiosulphate and water, yielded a solid product, which, after crystallisation from light petroleum, 
had m. p. 68°. This compound is believed to be ethyl 8-chloro-a-iodo-A’-dihydromuconate 
(Found: C, 33-2; H, 3-7. Cy )H,,0,CII requires C, 33-3; H, 3-9%), because, on warming 
with very dilute sodium carbonate solution, it yielded ethyl muconate, and, on boiling with 
alcoholic potassium hydroxide, gave muconic acid. It is thought that an addition product 
containing chlorine in the «-position would yield a chloro-muconic ester or acid under these 
conditions. When a solution of the iodochloride in chloroform was treated with a stream of 
ozonised oxygen, a slow precipitation of muconic acid was observed. On boiling the ozonides 
with water, iodine was liberated, but the only other recognised product was oxalic acid. 
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25. The Modes of Addition to Conjugated Unsaturated Systems. 
Part VII. The Addition of Hydrogen Cyanide and Methyl Malonate 
to Methyl Cinnamylidenemalonate. 

By Dora A. Durr and C. K. INGOLD. 


THE preceding paper completes the general survey, commenced in 1928, of conjugative 
addition reactions from the viewpoint of the orientation theory of additions proposed in 
that year by Burton and one of us. It now remains to deal with the very few examples 
in which a reported experimental result appears to present a difficulty. Actually, prior 
to 1928, there were only two recorded cases of this kind, and these are considered in the 
present paper. The instances which have since arisen will be dealt with in due course. 

The cases with which we are now concerned are at first sight related to each other. 
First, Thiele and Meisenheimer (Amnalen, 1899, 306, 247) prepared the product of addition 
of two molecules of hydrogen cyanide to one of methyl cinnamylidenemalonate, and 
regarded it as having formula (I). Secondly, Meerwein (Annalen, 1908, 360, 336) obtained 
the addition product of two molecules of methyl malonate and one molecule of methyl 
cinnamylidenemalonate, and, by analogy with the previous example, ascribed to this 
adduct the corresponding formula (II). 


CH,CH-CH,-CH-CH(CO,Me), C.H,-CH——CH,—\CH-CH(CO,Me), 
(L) CN CN CH(CO,Me), | CH(CO,Me), (IL) 


Our difficulty with these reactions was that, if they are really analogous, then the first 
step must consist in the formation of a 1 : 4-addition product, the prototropy of which 
will permit the further addition reaction required for the formation of the product obtained 


(1), X = CN; (II), X = CH(CO,Me),] : 
HX 
CHPh:CH-CH:C(CO,Me), —* CHPhX-CH:CH-CH(CO,Me), 


CHPhX-CH,-CH:C(CO,Me), >> CHPhX-CH,CHX-CH(CO,Me), (I. or II.) 


From a theoretical point of view the important point about these additions is that they 
are additions of very weak acids (-acids in fact) to a butadiene ester which contains a 
8- but no @-aryl substituent. The theoretical argument against the view that such a 
reaction can lead to a stable «8-addition product has already been given (Bloom and 
Ingold, J., 1931, 2765), and there is a practical argument in the same sense which cannot 
be disregarded. First, Thiele and Meisenheimer, in spite of their assumption of an a8- 
intermediate in the formation of the double-addition product to which they gave formula 
(I), succeeded in isolating only the «$-addition product when they treated methyl cinn- 
amylidenemalonate with one molecular proportion of hydrogen cyanide. Furthermore, 
it has been shown by Hinrichsen and Triepel (Annalen, 1904, 336, 202) that methyl cinn- 
amylidenemalonate can be caused to add on ethyl alcohol through the agency of sodium 
ethoxide, and that the addition product is the «$-derivative. Again, Kohler and Engel- 
brecht (J. Amer. Chem. Soc., 1919, 41, 764) have found that the addition of nitromethane 
to the same unsaturated ester yields essentially the «-product. Considerations such 
as these do not of course necessarily indicate any fallacy in the proposed structures (I) 
and (II), for reversible reactions can sometimes be canalised in the direction of a relatively 
unstable intermediate by some subsequent reaction of the latter; on the other hand, the 
whole matter seemed sufficiently curious to warrant further attention. 

A perusal of Thiele and Mzisenheimer’s paper reveals no reason, apart from a tacitly 
admitted predisposition to assume 1:4-addition when possible, for their adoption of 
formula (I) to represent the double-addition product of hydrogen cyanide to methyl 
cinnamylidenemalonate. Employing the alternative hypothesis that the real inter- 
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mediate is the «8-isomeride, which is expected to be the more stable and is known to be 
formed, it follows that the product of the second stage of the addition must have the 
structure (III). This result could arise simply from the circumstance that the «$-inter- 
mediate product is expected to be prototropic under the conditions of the reaction [(III), 
X = CN; (IV), X = CH(CO,Me),] : 


HX 
CHPh:CH-CH:C(CO,Me), —-> CHPh:CH-CHX:CH(CO,Me), 


CH,Ph-CH:CX-CH(CO,Me), >> CH,Ph-CHX-CHX-CH(CO,Me), (III. or IV.) 


It is also just possible that the anion of the «$-intermediate might undergo a rearrangement 
thus: 


x 
eo | Le e 
C,H,*CH—=CH-CH—C(CO,Me), —> C,H,-CH—CH-CH=C(CO,Me), 


For, although mobility in such a system is expected to be slight, the structure does conform 
to the general scheme for the Wagner rearrangement given by Ingold and Shoppee (J., 
1928, 371). The product of such a change is seen to be the anion of a substance which, 
on union with a further molecule HX, would yield compound (III). 

Thiele and Meisenheimer hydrolysed the dinitrile-ester, to which they assigned formula 
(I), to a tricarboxylic acid. We therefore synthesised the tricarboxylic acid (V), which 
a compound of formula (I) would yield on hydrolysis. The starting materials were ethyl 
atropate and ethyl ethanetricarboxylate, and the synthesis is unambiguous : 


C,H,-C(CO,Et):CH, + xa0 
(Co, £t),CH-CH,-CO,Et ——> C,H,-CH(CO,Et)*CH,-C(CO,Et),-CH,-CO,Et —> 


C,.H;*CH(CO,H)-CH,*CH(CO,H)-CH,°CO,H Vv.) 


The acid was not identical with that of Thiele and Meisenheimer. This in itself does not 
prove the incorrectness of Thiele and Meisenheimer’s formulation, because formula (V) 
contains two asymmetric carbon atoms and thus represents two optically inactive stereo- 
isomerides. We therefore synthesised the ¢tricarboxylic acid (VI), corresponding to a 
dinitrile-ester of formula (III). For this purpose ethyl benzylmalonate was condensed 
with either ethyl fumarate or ethyl bromosuccinate, and the ¢etracarboxylic ester thus 
obtained was hydrolysed : 


NaOEt 
CH,Ph-CH(CO,Et), + CO,Et-CH:CH-CO,Et or CO,Et-CHBr-CH,°CO,Et > 
CH,Ph-C(CO,Et).*CH(CO,Et): ‘CH, -CO,Et —> CH,Ph-CH(CO,H)-CH(CO,H): CH, ‘CO,H 
VI) 


(two forms) (two forms) 


Thus the tricarboxylic acid (VI) was obtained in both the possible ie inactive 
stereoisomeric forms, one being produced when fumaric ester was used, and the other 
when bromosuccinic ester was employed. The second of these acids was identical with 
the acid of Thiele and Meisenheimer. Evidently, therefore, the double addition product 
of hydrogen cyanide with methyl! cinnamylidenemalonate is a By-dinitrile of formula (III), 
and not a #8-dinitrile of formula (I), as Thiele and Meisenheimer supposed. Equally 
plainly, the intermediate in the reaction is the «$-adduct, which theory requires to possess 
greater thermodynamic stability than its «8-isomeride. The remaining question as to 
whether the second stage of addition depends on a Wagner change, or merely on a proto- 
tropic change, of the «8-intermediate is dealt with later. 

Turning now to Meerwein’s investigation of the double addition of methyl malonate 
to methyl cinnamylidenemalonate, there appear to have been two reasons which led this 
author to assign to his product the constitution of a $8-dimalonic ester (II). In the first 
place Thiele and Meisenheimer had already advanced an analogous formula (I) for their 
double addition product. Secondly, formula (II) provided an adequate interpretation 
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of a series of reactions by means of which Meerwein converted his addition product into 
a tricarboxylic acid (VII), a cyclic ketonic ester (VIII), and a cyclic ketonic acid (IX) : 


CHPh-CH,°CH-CH,°CO,H Methyl CHPh-CH,CH-CH,CO,Me 
(il) —> ¢H.-CO,H CH,CO,H ester ~~ CH.—CO—CH-CO,Me ° 

(VII.) 

CHPh-CH,°CH-CH,"CO,Me Lata CHPh:CH,CH:CH,°CO,H 
(VIII.) CO,Me-CH—CO—CH, CH,—CO—CH,_ (IX.) 
It follows, however, from the investigation already described, that the analogy on which 
Meisenheimer relied leads, not to the 83-dimalonic ester structure (II), but to the isomeric 
By-structure (IV). Moreover, it is equally possible, on this basis, to account for Meerwein’s 
reactions, the main difference being that the compounds which he regarded as phenyl- 
cyclohexanones become formulated as benzylcyclopentanones : 
CH,Ph-CH—CH-CH,°CO,H similas, CH,Ph-CH——CH-CH,°CO,H 
CO,H-CH, CH,°CO,H stages CH,°CO-CH, (X.) 
There is, however, a distinction between the hydrogen cyanide and the methyl malonate 
additions, which, prima facie, is of sufficient importance to render their analogy doubtful : 
it is that, whereas the @8-double addition products (I) and (II) might have been formed 
by identical mechanisms, since the respective «8-intermediates contain similar prototropic 
systems, the ®y-double-addition products (III) and (IV) could not arise analogously merely 
through the incursion of prototropic change, but could only do so through the intervention 
of the Wagner rearrangement. The reason for this is that, whilst in the hydrogen cyanide 
case the intermediate «8-addition product, being a @y-unsaturated nitrile, has great proto- 
tropic mobility, in the malonic ester addition the «-intermediate is a y8-unsaturated ester, 
and therefore would not possess prototropic mobility permitting the second stage of the 
addition. Thus the existence or not of an analogy can be decided only by experiment. 
First, assuming analogy with the hydrogen cyanide addition, it follows that Meerwein’s 
cyclic ketonic acid, which in this event receives formula (X), should on reduction by 
Clemmensen’s method yield 2-benzylcyclopentane-l-acetic acid. Meerwein’s cyclic 
ketonic acid was therefore reduced in the manner indicated and 2-benzylcyclopentane- 
l-acetic acid (XI) was synthesised from ethyl cyclopentanone-2-carboxylate, via «-benzyl- 
adipic acid and 2-benzylcyclopentanone, as indicated in the following scheme of formule : 
ae cu,pner) CH2°CH(CH,Ph)-CO,Et y4¢; CH,*CH(CH,Ph)-CO,H 
> cad 

CH,-CH, NaOEt CH,-CH,°CO,Et #9 CH,-CH,CO,H 
aco CH,°'CH°CH,Ph ,, CH,°CH-CH,Ph CH,°CH’CH,Ph 
me “0. oy fl >CH-OH —> I >CHBr 

ast CH,°CH, "9 CH, °CH, He CH, CH, 

CH,°CH-CH,Ph CH,°CH’CH,Ph CH,°CH’CH,Ph 

NF? ScH-CH(CO,Et), “>| ” >CH-CH(CO,H),—> |  >CH-CH,-CO,H 
CH,(CO,Et), CH,-CH, CH,°CH, CH,°CH, = (XI) 
The acid thus synthesised was not identical with the reduction product of Meerwein’s 
cyclic ketonic acid. On the other hand, formula (XI) represents two optically inactive 
stereoisomerides, and therefore the observed non-identity does not prove that the acid 
obtained by Clemmensen’s reduction has not formula (XI). The alternative is that there 
is no analogy between this addition and the hydrogen cyanide addition, and that Meer- 
wein’s formule are correct. In this case his cyclic ketonic acid has formula (IX), 
and its reduction product must be 3-phenylcyclohexane-l-acetic acid. Therefore we 
synthesised an acid of this constitution (XII) from phenyldihydroresorcinol, via the 
already known 3-phenyleyclohexanol (Boyd, Clifford, and Probert, J., 1920, 117, 1383), 
the later steps being analogous to those of the previous synthesis : 


CH,-CO H,CH-OH your stages H,*CH:CH,*CO,H 
CHPh >CH —> CHPh >CH, ———> CHPh SCH, (KIL) 
CH,-C‘OH CH,CH,  “* CH,-CH, 


r 


(IV) —> 
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The acid thus obtained was identical with the product of the Clemmensen reduction of 
Meerwein’s cyclic ketonic acid. It follows that Meerwein’s formule are correct, and, in 
particular, that his addition product is a $8-dimalonic ester of formula (II). 

This result proves that the suggested Wagner change has nothing to do with the malonic 
ester addition, and we may assume, with great probability of being correct, that it also is 
not concerned in the hydrogen cyanide addition. This being admitted, the reason why 
the two double additions take the particular directions that they do becomes clear. Each 
reaction may yield two products of single addition, an «8-derivative and an «8-isomeride, 
and the former of these is in each case thermodynamically the more stable. In the case 
of the hydrogen cyanide addition, both intermediates are capable of further change in 
the presence of excess of the reagent, and, accordingly, reaction proceeds mainly through 
that intermediate which is formed in greater amount. In the malonic ester addition, on 
the other hand, only one of the intermediates is capable of further reaction, and although 
that happens to be the one which is thermodynamically the less stable, every stage in 
the whole system of reactions is reversible, and the presence of excess of the reagent will 
therefore direct the change through the only channel by which that excess can be con- 
sumed. Consistent with this interpretation is the circumstance that, although in the 
hydrogen cyanide addition the presence of the intermediate single adduct can readily 
be shown, it has hitherto been found impossible to arrest the malonic ester reaction at 
the stage corresponding to the single addition compound : in the one case the intermediate 
is thermodynamically stable, in the other thermodynamically unstable. 


EXPERIMENTAL. 


Section 1. Constitution of the Product of Addition of Two Molecules of Hydrogen Cyanide to 
Methyl Cinnamylidenemalonate. 


Preparation of the Addition Product and Certain of its Derivatives.—The addition product 
was prepared by the following modification of Thiele and Meisenheimer’s method. A solution 
of potassium cyanide (30 g.) in water (50 g.) was added to one of the ester (40 g.) in ethyl alcohol 
(650 c.c.) during 75 minutes; the bulk of the alcohol was then removed by distillation, and 
the residue was diluted with water, extracted with ether, acidified, and again extracted. The 
crude nitrile-ester obtained from the second extract was hydrolysed by boiling for 100 hours 
with 25% aqueous potassium hydroxide, and the acid products were isolated by evaporating 
the acidified solution to dryness, washing the residue with a small amount of chloroform in 
order to remove some dark coloured impurities, and then extracting the organic acids by means 
of acetone. The product, after decolorisation by means of charcoal, consisted of the phenyl- 
butanetricarboxylic acid, together with cinnamylsuccinic acid. Under the conditions described, 
however, the latter was not formed in an amount sufficient to necessitate separation by the 
fractional precipitation of barium salts, and the phenylbutanetricarboxylic acid could be 
directly purified by crystallisation from acetic acid. It had m. p. 187—190° (decomp.) (Found: 
C, 58-6; H, 5-3. Calc.: C, 58-8; H, 5-3%). 

The trimethyl ester, prepared from the well-dried silver salt and excess of methyl iodide in 
boiling methyl alcohol, separated from methyl alcohol in colourless needles, m. p. 60° (Found: 
C, 62-4; H, 6-5. C,,H,,O, requires C, 62-4; H, 6-6%). During one of the preparations of 
the tricarboxylic acid the attempt was made to isolate and purify this by converting the crude 
acid product into silver salts and then into methyl esters, the intention being to isolate from 
these the trimethyl ester by crystallisation. Possibly the silver salt used in this experiment 
was not entirely neutral, for the esters, on crystallisation from methyl alcohol, yielded the 
dimethyl ester, which separated from chloroform-ligroin in colourless prisms, m. p. 112° (Found: 
C, 61-4; H, 6-1. C,,H,,0, requires C, 61-2; H, 6-2%). A useful derivative for identification 
of the tricarboxylic acid is its anhydro-acid, which Thiele and Meisenheimer prepared by 
heating the tribasic acid. Our preparation, crystallised from chloroform-ligroin had m. p. 
114°, and rapidly reverted to the tribasic acid when left in contact with moist air. 

Synthesis of 8-Phenyl-n-butane-a88-tricarboxylic Acid (V).—Atropic acid, prepared from 
tropic acid by boiling with 50% aqueous potassium hydroxide, was crystallised from aqueous 
alcohol and esterified by treatment of its silver salt with ethyl iodide. The ester had b. p. 
118—122°/12 mm. Ethyl ethanetricarboxylate, prepared from ethyl malonate and ethyl 
bromoacetate, had b. p. 146—148°/10 mm. A mixture of ethyl atropate (10-8 g.), ethyl ethane- 
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tricarboxylate (15-1 g.), and alcoholic sodium ethoxide, prepared from sodium (1-4 g.) and 
ethyl alcohol (18-4 g.), was kept at room temperature for 1 week, and then poured into water 
and extracted with ether. The extract, after washing with water and sodium hydrogen carbon- 
ate solution, yielded ethyl 8-phenyl-n-buiane-aB88-tetracarboxylate as a viscous oil, b. p. 165° /0-03 
mm. (Found: C, 61-6; H, 7-0. C,3H 3 90, requires C, 62-6; H, 7-1%). 

The tetracarboxylic ester (1 vol.) was boiled for 16 hours with a mixture of sulphuric acid 
(1 vol.), water (1 vol.), and formic acid (3 vols.). The cooled solution on keeping yielded 
crystals of 8-phenyl-n-butane-a8-tricarboxylic acid, which separated from water in small prisms, 
m. p. 210—212° (Found: C, 58-1; H, 5-4. C,;H,,O, requires C, 58-6; H, 5-3%). This acid 
yields a liquid trimethyl ester. 

Synthesis of 8-Phenyl-n-butane-afy-tricarboxylic Acid (V1) in Two Stereoisomeric Forms.— 
A solution of ethyl benzylmalonate, b. p. 163—165°/10—11 mm. (50 g.), ethyl fumarate, 
b. p. 118—122°/11 mm. (45 g.), and sodium ethoxide, prepared from sodium (4-6 g.) and ethyl 
alcohol (60 g.), was heated for a short time on the water-bath, and then kept at room temper- 
ature for 1 week. The solution was poured into water and extracted with ether; the extract, 
washed with water and sodium hydrogen carbonate solution and dried, yielded ethyl 8-phenyl- 
n-butane-aSyy-tetracarboxylate as a viscous oil, b. p. 204—208°/0-09 mm. On hydrolysis by 
boiling with a mixture of aqueous formic and sulphuric acids the ester yielded 8-phenyl-n- 
butane-afty-iricarboxylic acid, which, crystallised from acetic acid, had m. p. 168° (Found: 
C, 58-2; H, 5-3. C,,H,,0, requires C, 58-6; H, 5-3%). 

Ethyl «-bromosuccinate, prepared by directly brominating succinic acid or succinic anhydride 
by Volhard’s method (Amnalen, 1899, 252, 150, 156) and decomposing the bromo-acid halide 
with ethyl alcohol, had b. p. 121—124°/10 mm. This ester (35 g.) was cautiously added to an 
ethyl-alcoholic solution of ethyl benzylmalonate (45 g.) and sodium ethoxide prepared from 
sodium (4-1 g.) and alcohol (64 g.). The mixture was warmed until neutral, poured into water, 
and extracted with ether, and the extract was washed with water and sodium hydrogen carbon- 
ate solution. Ethyl 8-phenyl-n-butane-aPyy-tetracarboxylate was thus obtained as a colourless 
oil, b. p. 184—186°/0-6 mm. (Found: C, 62-9; H, 7-1. C,H 3,0, requires C, 62-6; H, 7-1%). 
Hydrolysis of this ester by the method used in the case of its stereoisomeride yielded a 8-phenyl- 
n-butane-aBy-tricarboxylic acid which, crystallised from acetic acid, had m. p. 187—190° (decomp.) 
(Found: C, 58-4; H, 5-4. C,,;H,,O, requires C, 58-6; H, 5-3%). This acid was identified 
by mixed m. p. and direct comparison with the acid prepared from Thiele and Meisenheimer’s 
dinitrile. Its identity was further confirmed by the preparation of its trimethyl ester (Found : 
C, 62-3; H, 6-5. Calc.: C, 62-3; H, 6-5%), and anhydro-acid (Found: C, 62-2; H, 4:8. 
Calc.: C, 62-9; H, 48%), which were likewise identified with the corresponding derivatives 
prepared from the addition product of Thiele and Meisenheimer. 


Section 2. Constitution of the Addition Product of Two Molecules of Methyl Malonate to Methyl 
Cinnamylidenemalonate. 


Preparation of the Addition Product and Some of its Derivatives.—The addition product was 
prepared as Meerwein has described by union of the factors in the presence of methyl-alcoholic 
sodium methoxide, extracted with ether after addition of excess of dilute hydrochloric acid, 
and crystallised first from this solvent and then from methyl] alcohol containing a little acetic 
acid. It had m. p. 81° (Found: C, 56-4; H, 5-9. Calc.: C, 56-5; H, 59%). Following 
Meerwein’s general method, §-phenylisohexane-ace-tricarboxylic acid was prepared from the 
addition compound by hydrolysis with constant-boiling aqueous hydrobromic acid. The 
acid, m. p. 140° (Found: C, 61-2; H, 6-2. Calc.: C, 61-2; H, 6-1%), was esterified with methyl 
alcohol by the method of Fischer and Speier, and the trimethy] ester, b. p. 250°/0-2 mm. (Found : 
C, 64-0; H, 7-1. Calc.: C, 64-3; H, 7-1%), was subjected to the Dieckmann reaction. It 
was found advantageous to employ 1 mol. of sodium in place of the 2 mols. recommended by 
Meerwein, but under all the conditions investigated we obtained not only the cyclic ketonic 
ester, m. p. 139° (Found: C, 67-0; H, 6-5. Calc.: C, 67-1; H, 6-6%), described by Meerwein, 
but also an isomeride having m. p. 64°, which was considerably more soluble in methyl alcohol 
(Found: C, 67-1; H, 6-6. C,,H,,O, requires C, 67-1; H, 6-6%). Two formule are available 
for these substances : they might be either methyl 6-carboxy-3-phenylcyc/ohexanone-5-acetate 
or methyl 2-carboxy-3-phenylcyclohexanone-5-acetate. Whichever may be correct, the two 
compounds are evidently stereoisomerides possessing the same formula, because the more 
fusible isomeride changes into the other on keeping for several months, or very rapidly on 
treatment with a small amount of hydrogen chloride in cold methyl alcohol. These facts 
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clearly suggest that the isomerides differ only in the configuration of the 6- or 2-carbomethoxy- 
group relative to the other substituents in the cyclohexane ring. Owing to the tendency of 
the more fusible isomeride to spontaneous change, we cannot be sure that any of our specimens 
was completely free from the less fusible compound. The ester having m. p. 139°, on hydro- 
lysis by boiling with a mixture of concentrated hydrochloric and formic acids, yielded 3-pheny]- 
cyclohexanone-5-acetic acid, m. p. 118—119° (Found: C, 72-7; H, 6-9. Calc.: C, 72-4; H, 
6-9%). 

In order to obtain a derivative which could conveniently be synthesised, the above ketonic 
acid was reduced to 3-phenylcyclohexane-l-acetic acid by boiling for 5 hours with excess of 
amalgamated zinc and 20% hydrochloric acid; the product, obtained as an oil which solidified 
on the surface of the cooled solution, crystallised from light petroleum in needles or plates, 
m. p. 52—54° (Found: C, 76-9; H, 8-2. C,,H,,O, requires C, 77-1; H, 8-2%). 

Synthesis of 2-Benzylcyclopentane-1l-acetic Acid (X1).—Ethyl cyclopentanone-2-carboxylate, 
b. p. 118—120°/18 mm., prepared in the usual way from ethyl adipate, was treated successively 
with ethyl-alcoholic sodium ethoxide (1 mol.) and benzyl chloride (1 mol.). The mixture 
was warmed till neutral, poured into water, and extracted with ether, and the extract was 
washed with water and sodium hydrogen carbonate solution, dried, and distilled. Ethyl 
a-benzyladipate was thus obtained as a viscous oil, b. p. 208°/16 mm., m}5;, 1-5056 (Found : 
C, 69-8; H, 8-1. C,,H,.O, requires C, 69-9; H, 8-2%). The ester, on hydrolysis by boiling 
for 3 hours with 20% hydrochloric acid containing a small amount of formic acid, yielded 
a-benzyladipic acid, which crystallised in needles, m. p. 116—-118° (Found: C, 66-1; H, 6-8. 
C,3H,,O, requires C, 66-1; H, 6-8%). The acid was boiled for 2 hours with acetic anhydride, 
and the product was distilled under diminished pressure. The crude ketone was collected at 
140—150°/20 mm., and this fraction on further distillation gave pure 2-benzylcyclopentanone 
as an oil, b. p. 144—146°/16 mm. (Found: C, 82-5; H, 8-0. C,,H,,O requires C, 82-7; H, 
8-0%). The semicarbazone separated from methyl alcohol in small glistening plates, m. p. 
198—200° (Found : C, 67-4; H, 7-5; N, 18-2. C,,;H,,ON; requires C, 67-5; H, 7-4; N, 18-2%). 

In our first attempt to introduce the acetic acid side chain, a mixture of benzylcyclopentanone 
(8-7 g.), ethyl cyanoacetate (5-6 g.), and piperidine (10 drops) was kept for 5 days at room 
temperature and then washed with dilute acid to remove the piperidine, dried, and distilled. 
The less volatile portion of the distillate solidified, and, on crystallisation from methyl alcohol, 
yielded ethyl a-cyano-2-benzylcyclopentylidene-1-acetate in silky needles, m. p. 81—83° (Found : 
C, 75-8; H, 7-1; N, 5-4. C,,H,,O,N requires C, 75-8; H, 7-1; N, 5:2%). Satisfactory 
conditions for the hydrolysis of this cyano-ester were not discovered. Boiling with concentrated 
hydrochloric acid failed to remove the nitrogen, and concentrated hydrobromic acid yielded a 
nitrogen-free oil with the properties of a lactone. Treatment with cold concentrated sulphuric 
acid caused sulphonation, and, on dilution with a limited amount of water, ethyl 2-sulphobenzyl- 

,; a , SO;H-C,H,°CH,CH———C——C-CO’NH - 1 
cyclopentylidene-1-malonamate, ¢H,-CH,-CH, CO,Et ° separated as an oi 
which subsequently solidified. It crystallised from chloroform—benzene in colourless silky 
needles, m. p. 120° (Found: C, 55-4; H, 5-6; N, 3-9; S, 8-7. C,,H,,O,NS requires C, 55-6; 
H, 5-7; N, 3-8; S, 8:7%). 

2-Benzylcyclopentanone was reduced by placing its ethereal solution over water to which 
sodium (4 atoms) was added in small portions. When solution was complete, the ethereal 
layer was separated and the aqueous layer was extracted with ether. The combined ethereal 
solutions on distillation yielded 2-benzylcyclopenianol as an oil, b. p. 154°/16 mm. (Found: 
C, 81-6; H, 9-0. C,,H,,O requires C, 81-9; H, 9-1%). A mixture of the alcohol (10 g.) and 
a saturated solution of hydrogen bromide in glacial acetic acid (50 c.c.) was kept at room temper- 
ature until no further separation into two layers took place. The upper layer was separated 
and washed with water, and combined with the further small amount of oil which was obtained 
after evaporation of the acetic acid layer. The total oil on distillation yielded a small fraction, 
b. p. about 115°/15 mm., which analysis showed to consist of slightly impure benzylcyclopentene, 
and a main fraction, b. p. 150—155°/15 mm., which was the required 2-bromo-1-benzylcyclo- 
pentane (Found: C, 60-4; H, 6-2; Br, 31-7. C,,H,,;Br requires C, 60-2; H, 6-3; Br, 33-5%). 
A solution of sodium ethoxide, prepared from sodium (0-42 g.) and ethyl alcohol (6-7 g.), was 
treated successively with ethyl malonate (3-01 g.) and the above bromide (5-12 g.). The mixture 
was boiled for 48 hours, and, as it was then neutral, it was poured into water and extracted 
with ether; the extract, washed with water, dried, and distilled, yielded ethyl 2-benzyicyclo- 
pentane-1-malonate as an oil, b. p. 142—150°/1 mm. (Found: C, 71-3; H, 8-1. Cy gH. 
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requires C, 71-7; H, 8-1%). This ester was hydrolysed by boiling for 30 minutes with 33% 
aqueous potassium hydroxide. The cooled solution was diluted with an equal volume of 
water and extracted with ether to remove neutral impurities. 2-Benzylcyclopentanemalonic 
acid, precipitated on acidification, crystallised from benzene in small white prisms, m. p. 137° 
(Found: C, 68-6; H, 7-0. C,,;H,,O, requires C, 68-7; H, 6-9%). 2-Benzylcyclopentaneacetic 
acid was obtained from the malonic acid by heating for 30 minutes at 150°; it crystallised 
from light petroleum in small prisms, m. p. 53—54° (Found: C, 77-0; H, 84. C,H ,O, 
requires C, 77-1; H, 8-3%). 

Synthesis of 3-Phenylcyclohexane-1-acetic Acid (XII).—Phenyldihydroresorcinol, m. p. 180°, 
prepared in the usual way from styryl methyl ketone and ethyl malonate, was converted by 
means of phosphorus trichloride in chloroform solution, as recommended by Boyd, Clifford, 
and Probert (loc. cit.), into 3-chloro-5-phenyl-A*-cyclohexenone, which, crystallised from ligroin, 
had m. p. 65—66°. The reduction of this compound (10 g.) by placing its solution in ether 
(100 c.c.) on water (100c.c.) to which sodium (25 g.) was added in small portions, did not proceed 
well in our hands, the best yield of pure 3-phenylcyc/ohexanol, m. p. 79—80°, isolated by dis- 
tilling the ethereal extract and purified by crystallisation from light petroleum, being 13% 
(Found: C, 81-4; H, 9-1. Calc.: C, 81-8; H, 9-1%). The principal by-product was a resin, 
but there was also an unsaturated liquid which distilled with the phenylcyclohexanol and was 
not a ketone. Phenylcyclohexanol was also obtained, although in small yield, by reducing 
the chloro-compound in 90% ethyl-alcoholic solution by means of the theoretical quantity of 
hydrogen in the presence of Adams’s platinum catalyst. The alcohol was converted into 
3-bromo-1-phenylcyciohexane, b. p. 126°/0-5 mm. (Found: C, 61-5; H, 6-3; Br, 31-7. Calc. : 
C, 60-3; H, 6-3; Br, 33-5%), by the method used in the corresponding experiment with benzyl- 
cyclopentanol. The bromide was condensed with ethyl sodiomalonate, the method of the 
previous synthesis again being followed, and ethyl 3-phenylcyclohexane-1-malonate, b. p. 160— 
165°/0-5 mm., was thus prepared (Found: C, 70-2; H, 7-9. C,,H,,O, requires C, 71-7; H, 
8-1%). As the analysis shows, the sample was contaminated with unchanged bromide, which, 
however, did not interfere with the preparation of 3-phenylcyclohexane-l-malonic acid. This 
was done by boiling the ester with four times the calculated amount of 33% aqueous potassium 
hydroxide for 7 minutes. The cooled solution was diluted with an equal volume of water, 
extracted with ether in order to remove neutral impurities, and then acidified. The acid 
thus precipitated crystallised from aqueous acetic acid in small needles, m. p. 166° (decomp.) 
(Found: C, 68-9; H, 6-9. C,;H,,0O, requires C, 68-7; H, 6-9%). On decarboxylation by 
heating for 30 minutes in a bath at 170°, 3-phenylcyclohexane-l-acetic acid was obtained, 
which, on crystallisation from light petroleum, had m. p. 52°, and was identical, as was shown 
by direct comparison and a mixed m. p. determination, with the acid of this formula which 
was prepared as a degradation product of Meerwein’s addition compound (Found: C, 76-9; 
H, 8-5. Calc.: C, 77-1; H, 83%). 


We thank the Chemical Society for a grant. 
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26. Optical Activity in Relation to Tautomeric Change. Part II. 
Comparison between the Rate of Racemisation of a Tautomeric 
Substance and the Rate of its Tautomeric Interconversion. 


By C. K. InGotp and C. L. WItson. 


In Part I (J., 1933, 1493) we studied the question of the retention of optical activity during 
the interconversion of a pair of triad tautomerides so constituted that in the course of 
isomeric change the single centre of asymmetry migrates from the atom left by the mobile 
group to that to which it becomes attached. It was shown that, in a system devoid of any 
“locking mechanism” such as ring formation which can, either permanently or during 
reaction, fix the direction of the double bond relatively to that of the link attaching the 
mobile group, the asymmetric centre loses its enantiomeric identity on being carried over 
to the new position. For instance, in the methyleneazomethine prototropic system, the 
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optically active modifications of compound A on conversion yielded isomeride B in a 
names racemic condition : 


(A) “> Cl} N- OKC HCl ($) == C. cH, HE >CN-CHIK EY eH.cl (p) “ 


Since ty conversion of A into B is reversible, it follows that, under a conditions 
conducive to the formation of an equilibrium mixture, isomeride A must progressively 
lose optical activity as the original substance becomes replaced by the material formed 
by reconversion from B. Accordingly, we have measured the velocity of racemisation of 
compound A, together with its speed of isomerisation and the corresponding equilibrium 
constant; for it appeared that theoretical consequences of some interest would emerge 
should the rate of racemisation prove to be equal to, and not greater than, that accounted 
for by the effect of reversible tautomeric conversion. 

The method of the comparison is as follows. First, the system (I) is studied experi- 
mentally using optically inactive materials, and the constant of the equilibrium, K = k,/h,, 
and that representing the speed of approach to equilibrium, k = k, + ,, are determined 
by ordinary analytical methods, thus enabling the individual velocity coefficients, k, and 
k,, to be calculated. Next, the system (II) is considered, in which the bars denote externally 

hy * ky 
I.) A==B i—< Sd (II.) 
hy hy 


compensated forms whilst the asterisk indicates an uncompensated enantiomeride. It 


* _— 
is assumed that A cannot be converted into A otherwise than through the route shown, 
all the velocity coefficients relating to which have been independently ascertained. The 
extent of the racemisation of A at any time, ¢, is conveniently expressed by calculating 
the rotatory power of A at that time as a fraction of its value at zero time. In terms 
of concentrations, this fraction, I’, of original rotatory power is defined by 





* * 
r= —— | -* ee anny Br (1) 


a@+4li a+a% 
where small letters denote concentrations, and the zero subscript refers to zero time. It is 
necessary to express I’ in terms of the velocity coefficients, k, and k,, and the time, ?, 
and the dynamical equations (2) and (3) are available for this purpose : 


= a >) eee CN ea 


- * * 
—(da/dt) = ka —kyb=ka—h(ag9t+a—a-—a@) ... . (3) 
These equations have to be solved and the constants of integration in the solutions evaluated 
by reference to the initial conditions; a sufficient number of relations is then available to 
permit substitution for the concentrations in equation (1). The result of this elimination 
may be expressed in the form 
T = (ky + hy)/(hge’ + Rye*4). 2. ww eee) 
and since the right-hand side of this equation is entirely independent of the polarimetric 
observations it remains only to compare the latter with the curve of the equation. 
Equation (4) is, of course, a general one for racemisation by reversible conversion into 
a single inactive tautomeride. In the example studied, K happened to have the value 
1-00, so that k, and k, were each equal to $2, and equation (4) assumed the simple form 
I’ = sech (}4t), where & had the experimentally determined value 0-0145 hour. The 
graph of equation (4) with these values of the constants is shown in the diagram,* from 
which it will be seen that the observed and calculated rates of racemisation are identical 
to within the limits of experimental accuracy. 
* In racemisation by tautomeric change the most rapid decline of optical activity does not occur 
at the commencement of reaction; it does, however, lie nearer to the commencement the smaller the 
equilibrium proportion of the inactive isomeride. 
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The ionic theory of tautomerism is now so widely accepted that we may introduce the 
theoretical scheme (III) in place of the simple observational scheme (I) without further ado : 


A == Ions B (Il) 
The ions indicated are regarded as a single pair of which the organic member is a mesomeric 
form involving complex duplet-sharing (Ingold and Ingold, J., 1926, 1312; Ingold, Shoppee, 
and Thorpe, zbid., 1480; Burton and Ingold, Proc. Leeds Phil. Soc., 1929, 1424; Ingold, 
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The full-line curve represents the theoretical equation (which does not contain any arbitrary constants) for 
vacemisation by tautomerisation. The crosses indicate the polarimetric observations. The broken-line curve 
typifies the theoretical curve for racemisation by tontsation. 


J., 1933, 1120). Since the ions can be present only in very low concentrations, it follows 
that the four coefficients, «, . . . kg, introduced to represent the velocities of formation and 
dissociation of the ions, must be related to the observable equilibrium and velocity constants 
as shown in the following equations : 


= “1% b = “1% TSS Ka Ks 
Kok" Ke tn ’ Kg + x,y’ Kg + K% 
The equations for &, and , are of the form k, = «,x,, etc., where a, is a proper fraction, 
and this, of course, merely means that the speed of isomerisation of a tautomeric substance 
must always be smaller than its speed of ionisation. 

From the present point of view the main circumstance in which scheme (III) goes beyond 
scheme (I) is in the provision of a second conceivable mechanism of racemisation. We 
now have to consider as possible, not only racemisation by tautomerisation (hypothesis «), 
but also racemisation by ionisation (hypothesis 8), the difference between the two hypotheses 
being merely that, according to the first, optical activity is retained in the ions and is lost 
only on the formation of the isomeride, whereas, according to the second, optical activity 
is lost in the ions independently of their conversion into the isomeride : 


kj = %- Rg = Kg: 


Active Active Inactive Hypothesis « 
A ~<~ Ions = -B 
Active ---- Inactive ---- Inactive ------------ Hypothesis 8 


Corresponding respectively to these two hypotheses we now set up schemes (IV) and (V) 
in place of scheme (II), and investigate the related values of I : 


& % * Soe en * a 
(lV. A == Ions—_~ B = Ions= TA A— Ions’ .* (V.) 
Ks Ks Ks Ks — 


.~B 
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When this calculation is carried out on the basis of scheme (IV), an expression is obtained 
which reduces to equation (4) if the x’s are replaced by f’s in accordance with the relations 
contained in the preceding paragraph. This result is, of course, merely the mathematical 
equivalent of the evident fact that the mechanism of racemisation underlying scheme 
(IV) (hypothesis «) is essentially identical with that already considered on the basis of 
scheme (II). When, however, I is calculated in accordance with scheme (V) (hypothesis 8) 
an equation (5) is obtained which in general represents a definitely more rapid loss of optical 
activity than that required by equation (4), although, if the proper fraction «, happens 
to have a value very close to its upper limit, the disparity between the two rates may not 
be considerable : 

* Aateladeien! ch tha eye oo 

ky + he 


In order to illustrate the general relationship between these two time-functions, a graph 
of equation (5) corresponding to «, = 0-5 and to the determined values of k, and 2, is 
included in the diagram. 

Two further remarks may now be made concerning our experimental results. First, 
since they represent the smallest rate of decay of optical activity that is consistent with 
either of the hypotheses discussed above, we need not fear that any part of the observed 
speed of racemisation is due to the incursion of mechanisms completely foreign to con- 
siderations of the type of those advanced in this paper, a possibility which, had the rate 
been above the minimum, could not have been disregarded. Secondly, the observations, 
whilst they agree very closely with the unique requirements of the hypothesis « of racemis- 
ation by tautomeric change, can be accommodated by the alternative hypothesis 8 of 
racemisation by ionisation only through the assumption of a coincidental relationship 
between the velocities of formation and dissociation of the ions. It will be possible more 
justly to assess the degree of probability that a coincidence of this character is responsible 
for the observed results after the experimental method has been extended to other examples ; 
in the meantime the former of the two hypotheses seems the more natural, and, if that view 
be adopted, it is difficult to resist the inference that mesomeric ions generally may be able 
in greater or less degree to retain the optical activity of a related tautomeride in which the 
point of attachment of the mobile group is the centre of asymmetry. That this is true 
for the anions of nitro-paraffins of the form R'R*CH-NO, is definitely established (Kuhn 
and Albrecht, Ber., 1927, 60, 1297; Shriner and Young, J. Amer. Chem. Soc., 1927, 49, 
1765; Mills and Cole, Brit. Assoc. Reports, 1932, 41). It is not to be expected that the 
remarkably high optical stability shown by these particular anions will necessarily reappear 
in other cases, but there is at least one indication in the previous literature that the 
occurrence of optical activity, and its retention for an appreciable period of time, in tauto- 
meric ions of the kind considered, is not a peculiarity of nitro-paraffin anions. - Leuchs 
and Wutke (Ber., 1913, 46, 2425) brominated an optically active ketone of the form 
R'R?CH-CO-R? and obtained an active «-bromo-derivative. The whole of the evidence 
concerning the bromination of ketones can be interpreted just as well by the hypothesis 
that halogenation takes place through the anion as by the customary theory that it occurs 
by way of the enol, and there are many analogies which favour the former alternative. 
Its application to the experiment of Leuchs and Wutke is, of course, that the mesomeric 
keto-enol anion is capable of optical activity and can retain it for the period pending the 
attack of the halogen. 





r= etila | 2 


EXPERIMENTAL. 


Dynamical Investigation of the Isomerisation of Optically Inactive p-Chlorobenzhydrylidene-a- 
phenylethylamine.—Interconversion was effected in sodium ethoxide solution, and the mixtures 
of isomerides obtained were analysed by hydrolysis to the corresponding amines, and estimation 
of the content of chloride ion in the mixed hydrochlorides derived from the latter. 

Method. The ethyl alcohol employed was dried with magnesium ethoxide (Lund and 
Bjerrum, Ber., 1931, 64, 210). The azomethine was heated for various periods of time at 85° 
in solution in 30 parts of 1-33N-ethyl-alcoholic sodium ethoxide. The product was poured 
into much water, extracted with pure ether, washed with water, and, after removal of the 
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ether, hydrolysed by warming for 15 minutes on the water-bath with distilled 20% hydrochloric 
acid free from ammonia. Water was added to avert the precipitation of p-chlorobenzhydryl- 
amine hydrochloride, and the ketones were then removed by extraction with chloroform. After 
subsequent extraction with ether, the aqueous solution was evaporated to dryness under reduced 
pressure over sulphuric acid and potassium hydroxide, and the residue was repeatedly ground, 
well mixed together, and redried at pressures below 1 mm. over phosphoric oxide and potassium 
hydroxide («-phenylethylamine hydrochloride is hygroscopic). The chloride ion was estimated 
gravimetrically after precipitation by means of 0-05N-silver nitrate from 0-1N-nitric acid solution. 

Results, These are shown in the following table, wherein col. 1 shows the lengths of time 
for which treatment with the sodium ethoxide catalyst was continued, and col. 3 records the 
mean values of consistent analytical results where, as indicated in col. 2, the determinations 
were carried out in triplicate. The coefficient of the velocity of approach to equilibrium, 
k = k, + ky, calculated from the individual observations by means of the formula (a — a.) = 
(a — @~)e*, is shown in col. 4. The value of a. which is required for the calculation was 
obtained by plotting log {(a, — a~)/(a — a~)} against ¢ for various assumed values of aq, 
the value which gave the closest approach to a straight line passing through the origin being 
taken as the true value. This procedure was more accurate than a single analytical determination 
after a long period of isomerisation would have been. Thus it was found that the equilibrium 
proportion of the original isomeride was almost exactly 50%, since this value gave a linear 
plot, whilst the corresponding graphs for the assumed proportions 49-0 and 51-0% were curved 
to about equal extents in opposite directions. 


Time (t) No. of Conversion (%) k Time (¢) No.of Conversion (%%) k 

(hours). expts. {100(a) — a)/a,}. (hour-). (hours). expts. {100(a) — a)/a 9}. (hour), 
480 1 25°9 0°01522 121°5 3 42-2 0°01530 
63°0 1 30°8 0°01519 144-0 1 43-0 0°01366 
77°0 3 32°4 0°01359 173°5 3 45°8 0°01429 


From these data we deduce the values K = 1-00, k = 0-0145 hour", and k, = k, = 0-00725 
hour", 

Measurement of the Speed of Racemisation during the Isomerisation of Optically Active p-Chloro- 
benzhydrylidene-a-phenylethylamine.—It was shown in Part I (loc. cit.) that optically active 
a-phenylethylamine could be converted into the above azomethine and subsequently recovered 
by hydrolysis therefrom without loss of optical activity. The following method was based on 
these facts. 

Method. The azomethine was isomerised for varying lengths of time under conditions 
identical with those employed in the study of the optically inactive compound, and the mixture 
of tautomerides was separated and hydrolysed as already described. The acid solution of the 
hydrolysis products, after dilution with water and complete removal of the ketones by extraction 
with chloroform, was basified with potassium hydroxide, the amines were extracted thoroughly 
with ether, the extract dried (potassium carbonate), the ether removed, and the amines distilled 
under a pressure of a few mm. from a bath the temperature of which was not allowed to rise 
above 100°. Under these conditions the «-phenylethylamine could be sharply separated from 
the accompanying p-chlorobenzhydrylamine, and a further distillation, in which small head and 
tail fractions were neglected, rendered the material suitable for the measurement of rotatory 
power, 

Results. The specimens of azomethine employed were prepared from various levorotatory 
samples of a-phenylethylamine. The rotations of the recovered amine were measured in a 
50-mm. tube using the mercury green line, 15461. The results are shown in the following 
table; line 1 indicates the identity of the sample of azomethine employed, line 2 records the 
Sample ii i ii i ii i 
t (hours) . 0-0 52:3 77-0 117°8 121-5 210-0 

5°89° 8°13° 5°13° 6°41° 4:37° 3°62° 
ys 20° 20° 19° — i 
1-000 0°941 0°870 0°742 0°742 0-419 
time allowed for isomerisation, line 3 the observed rotations, and line 4 the temperatures at 
which the polarimetric observations were made. The last line contains the fractions of original 
rotatory power calculated from the rotations of line 3. These values, I’, are plotted against the 
corresponding times of isomerisation, ¢, in the diagram on p. 95. 


UNIVERSITY COLLEGE, LONDON. [Received, November 11th, 1933.] 
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27. Optical Activity in Relation to Tautomeric Change. Part III. 
Constitutional and Catalytic Influences on the Rates of Racemisation of 


Prototropic Compounds. 


By CHRISTOPHER L. WILSON. 


In Part II (preceding paper) it was shown that the velocity of racemisation of a certain 
tautomeric substance was quantitatively equivalent to its rate of isomeric change. No 
other measurements are at present available to support the generalisation of this conclusion, 
but considerable indirect support is now adduced from existing data. It has often been 
concluded that the racemisation of compounds of the form R4R°CHX (X = COR, CN, or 
NO,) is the result of prototropic change (cf. Kipping and Hunter, J., 1903, 83, 1009; Rothe, 
Ber., 1914, 47, 843; McKenzie and co-workers, J., 1919, 115, 602, e¢ seq.), and the trend of 
the evidence to be summarised is to the effect that the speed of racemisation of such com- 
pounds is subject to exactly the same constitutional and catalytic influences as are known 
to affect prototropic change. 

Just as in prototropy, so also in racemisation, both bases and acids play important 
réles as catalysts. Basic catalysts would be expected to have an effect dependent on their 
strength, and thus the order NaOAlk>NaOH>H,0O might be anticipated; this appears 
to be true, for in the hydrolysis of ethyl /-mandelate more racemisation occurs when alco- 
holic than when aqueous alkali is employed (McKenzie and Wren, J., 1919, 115, 602), and 
whereas d-mandelonitrile racemises only slowly in the presence of methyl alcohol, it does so 
instantly under the influence of a trace of potassium methoxide (Smith, Ber., 1931, 64, 
427). Further, in both types of change basic catalysis is in general more effective than acid 
catalysis; e.g., with the natural proteins, alkaline hydrolysis yields amino-acids which 
are much more extensively racemised than when acid hydrolysing agents are used. 

It is known that the order in which different groups X should affect prototropic mobility 
is COP<CONH,<CO,H<CO,R<COCI<COR<CN (cf.,¢.g., Ingold, Shoppee, and Thorpe, 
J., 1926, 1477). This series may be compared with the following data concerning speeds 
of racemisation. The position of the group CO? is clearly established inasmuch as many 
authors have observed that the alkali-metal salts of optically active acids exhibit a much 
higher optical stability than either the acids themselves or their other simply constituted 
derivatives; for instance, Ahlberg (Ber., 1928, 61, 811) found that neutralisation caused 
the speed of racemisation of d-a«’-sulpho-di-n-butyric acid to fall almost to zero. Con- 
cerning the amido-group, McKenzie and Smith (J., 1922, 121, 1348) have recorded that in 
the partial hydrolysis by alkalis of /-mandelamide the residual amide is much more strongly 
racemised than the mandelic acid produced. According to Gadamer (Chem.-Zig., 1910, 
34, 1004), ethyl d-tropate is racemised by alkalis, whereas sodium d-tropate is optically 
stable. Ashley and Shriner (J. Amer. Chem. Soc., 1932, 54, 4410) have shown that the 
period of half-change of /-«-benzenesulphonylbutyric acid in alcohol at 27° is 1350 hours, 
whereas the corresponding time for the ester of this substance was 80 hours. Again, 
Kipping and Hunter (J., 1903, 83, 1009) have observed that whilst benzylmethylacetic acid 
has considerable optical stability, its chloride becomes racemised with great facility. The 
position of the cyano-group is illustrated by a comparison of the facile racemisation of 
d-mandelonitrile (Smith, Joc. cit.) with the well-known optical stability of the benzoins 
(cf., e.g., McKenzie, Roger, and Wills, J., 1926, 779). 

When either of the groups R? or R? is an electron attractor, the invariable result is a 
great increase in the optical lability of the compound. In illustration, reference may be 
made to dihydrocarbostyril-8-carboxylic acid (Leuchs, Ber., 1921, 54, 830), to «-cyano- 
propionic acid, and to ethanesulphonylsuccinic acid (Fitger, ‘‘ Racemisierungserschei- 
nungen,”’ p. 21, Lund, 1924), each of which forms only a single salt with an appropriate 
alkaloid. In the case of «-cyanopropionic acid, the free acid cannot be liberated from the 
salt without complete racemisation. The action of the ammonium pole is exemplified by 
Fischer’s observation (Ber., 1907, 40, 5005) of the very rapid racemisation of salts of ethyl 
l-«-trimethylammoniumpropionate. The halogens evidently exhibit a similar, though 
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weaker, effect, and McKenzie and Smith (Ber., 1925, 58, 906; J., 1923, 123, 1964) record 
results concerning the phenyl halogenoacetic esters which establish the order Cl>Br>OH 
for the effect of these groups on velocity of racemisation. 

The examples of the preceding paragraph all relate to racemisation by the basic 
mechanism (Watson and Yates, J., 1932, 1207) ; but observations are available in illustration 
of the influence of alkyl groups on racemisation under the influence both of basic and of acid 
catalysts. Data referring to basic catalysis are recorded by Ahlberg (loc. cit.) in relation 
to the acids SO,(CHR-CO,H),. Under comparable conditions the half-life periods are : 

; Et pr8 
13 2°75 50 


and this showg,the sequence of facilitation to be Me>Et>Pr. On the other hand, 
Backer and Mulder (Proc. K. Akad. Wetensch. Amsterdam, 1928, 31, 301), in an investigation 
of the racemisation of the compounds AsO,H,*CHR-’CO,H under the influence of acid 
catalysts, found the sequence Pr*>Et>Me, and this inversion is to be anticipated as a 
consequence of the change of catalytic mechanism. An example illustrating the effect of 
the introduction of an alkyl group at a point relatively distant from an asymmetric centre 
is furnished by a comparison of /-mandelamide with its N-ethyl derivative, for the racemis- 
ations of which the half-change periods are 4 and 25 days, respectively, under identical 
conditions of alkaline catalysis (McKenzie and Smith, J., 1922, 121, 1348). 

In view of the special activating influence of aryl groups in three-carbon prototropy, it 
would be anticipated that a corresponding effect should be traceable in racemisation. The 
appreciation of this has led McKenzie to assert on several occasions that for facile racemis- 
ation the system Aryl‘-CH-CO must be present (J., 1920, 117, 680; Chem. and Ind., 1931, 
50, 928; Ber., 1925, 58, 894); e.g., active lactates and tartrates are much more stable than 
active mandelates. Moreover, /-phenylsulphoacetic acid, CHPh(SO,H)°CO,H, is easily 
racemised at the ordinary temperature (Brust, Rec. trav. chim., 1928, 47, 153), whereas 
a-sulphopropionic acid, CHMe(SO,H)-CO,H, is stable (Franchimont and Backer, ibid., 
1920, 89, 751). Active phenyl-f-tolylacetic acid is extremely labile (McKenzie and 
Widdows, J., 1919, 115, 602), and the high activating power of phenyl is further exemplified 
by the work of Levene and Steigler (J. Biol. Chem., 1931, 86, 703), who quote data, readily 
intelligible on the basis already indicated, for the degree of racemisation of monosubstituted 
diketopiperazines in the presence of alkalis. 

C-Substituent Ph CH,Ph CO-NH, p-O-C,H,CH, 
Racemisation, % 92 82 10 
These authors have, in addition, provided evidence that the phenyl group also facilitates 
racemisation occurring by the acid mechanism. Fitger (op. cit.) has recorded data for the 
racemisation of acids of the type HO,C-CHR™SR? in the presence of acid and basic 
catalysts. From these it is possible to derive a sequence representing the influence of 
groups in facilitating racemisation by the basic mechanism : 
Ph>CH,°CO,H>Me>CH,°CO$>Et 
It is also clear from Fitger’s results that phenyl again heads the series which obtains when 
acids are used as catalysts. 

In conclusion, reference is made to an observation of McCombs, Packer, and Thorpe 
(J., 1931, 547; cf. Fitzgerald and Packer, J., 1933, 595), who measured the velocity of 
racemisation of J/-trans-xy-dimethylglutaconic acid under various catalytic conditions ; 
they suggested that the observed rate was also that of prototropic change, an hypothesis 
which derives support both from Part II and from this paper. The glutaconic acid exhibits 
asymmetric rearrangement with strychnine, and the authors suggest that in resolutions of 
this type the separated material possesses the same sign in rotatory power as that of the 
alkaloid used; several instances are available, however, to show that this rule is by no 
means invariable (cf. Backer and Mook, Rec. trav. chim., 1928, 47, 464; Leuchs and Wutke, 


Ber., 1913, 46, 2425). 
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28. The Influence of Solvents and of Other Factors on the Rotation of 
Optically Active Compounds. Part XXXII. The Rotation Dispersion 
of Esters of Dibenzoyl-d-tartaric Acid in Various Solvents. 


By T. S. Patterson and Davip McCrEaTH. 


In Part XXXI (J., 1933, 760) it was shown that o-nitrobenzyl dibenzoyl-d-tartrate, in 
dilute solution in quinoline, gave a type of anomalous rotatory dispersion not hitherto 
observed in any other tartrate, and opposite to that found in a considerable number of 
tartrates. This type of anomalous dispersion being of some special interest, we have 
examined the rotation of the dibenzoyl derivatives of methyl, ethyl, n-propyl, and n-butyl 
d-tartrates, in the hope of finding further examples of this phenomenon; but, although 
our observations confirmed, in general, those already published, in no case did we find an 
equally definite region of anomalous dispersion, and, therefore, our results may be quite 
briefly summarised. 

The relative experimental data are given on p. 102, and are represented in Fig. 1, 
where, except for the n-butyl ester in quinoline, only the graphs for green light are shown. 

For the methyl ester a distinct minimum occurs in the T-R curve for green light in 
ethylene bromide at a temperature of about 50°, whereas in quinoline, the graph appears 
to be approaching a minimum at a considerably lower temperature, in agreement with 
which, the actual rotation is lower; much the same thing applies to solutions in pyridine 
and nitromethane. For the ethyl ester a minimum appears in all its three solvents, but at 
a higher temperature in quinoline than in the other two, and, corresponding to this, it 
has a higher (absolute) rotation value. The n-propyl ester shows a very similar behaviour, 
but with a tendency for the minimum to move towards a higher temperature, and this 
tendency is more pronounced in the n-butyl ester. The rotation of the last ester in 
quinoline rises as the temperature falls, in such a way as to cross the zero axis and become 
positive, in the sequence red, yellow, green, blue; and the temperature rotation curves just 
begin to intersect one another at a temperature of zero, below which the region of visibly 
anomalous dispersion would doubtless develop. The phenomenon, however, is by no 
means so marked here as in the case of o-nitrobenzyl dibenzoyl-d-tartrate, but the curves 
are all obviously of the same character and show a similar behaviour, as regards rotation 
value and the position of the minimum, to those previously described; the sets of curves 
appear to be of a similar type, and to correspond to the region uvwxyz of Fig. 4a of Part 
XXXI * (loc. cit., p. 763). 

It ought, however, to be pointed out that if these sets of curves are really analogous, 
their data ought to lie on one and the same characteristic diagram, and it will be seen from 
Fig. 2 that this is not satisfactorily the case. The data on the left-hand side for n-butyl 
dibenzoyl-d-tartrate (marked by crosses) are sufficiently regular. The data on the right 
(marked by circles) form the characteristic diagram for o-nitrobenzyl dibenzoyl-d-tartrate 
and should lie upon the lines of the other diagram, continued. The lines for 7, and 
y are almost congruent, but that for b is somewhat off, whilst that for vis markedly so. 
This last line is also distinctly curved. At the present stage and with rather scanty data 
it is idle to speculate on this discrepancy, and we content ourselves by mentioning its 
existence and by recalling the fact that similar cases have been observed. Pickard and 
Kenyon (J., 1915, 107, 35) found that the specific rotatory powers of /-menthol and of 
many of its deri. tives can be co-ordinated on one characteristic diagram, but that the 
results for the nitrobenzoic esters and especially the o-compound did not fit in well. 
Similarly in Part XXVII of this series of papers (J., 1929, 2042) it was found that the data 
for violet light in the case of methyl «-m-nitrobenzoyloxypropionate did not fit well on 
the characteristic diagram for other derivatives of methyl] lactate. 

* A further point, relating to solvent influence, is of interest. The graphs for the methyl, ethyl, 


and n-propyl esters in ethylene bromide are almost identical respectively with those for the ethyl, 
n-propyl, and n-butyl esters in pyridine. These solvents and esters are thus very closely alike in their 


mutual influence. 
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Specific rotation. 


Fic. 1. 
Temperature-votation curves of esters of dibenzoyl-d-tartaric acid. 
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EXPERIMENTAL. 
The colours of light used were as follows : 
s- y- g- b. v. 
6243 5790 546 4916 4358 
Methyl Dibenzoyl-d-tartvate —This compound was prepared by the method of Frankland and 
Wharton (J., 1896, 69, 1585), and purified by recrystallisation from absolute alcohol until of 
constant rotation in pyridine solution : [a], = — 109 3° (¢ = 2-466); m. p. 135°. 


Rotations of methyl dibenzoyl-d-tartrate. 
a. [a}ys- (aly. [a],. (as. (ae. 
In nitromethane (p = 1°601). 

1:1655* —70°39° — 86°02° —102°5° —138°2° — 208°3° 
1°145 70°13 86-00 101°4 138°6 205°8 
1119 69°00 83°41 100°4 137°5 203°1 
1-093 67°85 82°10 97°74 133-0 196°9 
1-065 65°58 80°54 94°64 128°6 190°6 
1-042 63°45 76°98 90°51 123°9 182°5 


In quinoline (p = 1°419). 
1-099 — 79°50 — 96°47 —113°3 —154°9 —227°8 
1-083 76°98 94°17 111°3 150°5 221°3 
1-069 77°52 92°39 108°8 148°5 218°2 
1-054 73°53 88-90 105°3 143-0 208°9 
1-040 — 86°58 101°8 — —— 


In pyridine (p = 2-118). 
1:0065 * —76°37 — 93°46 —110°4 — 150°8 —224°6 
0°9906 77°32 93°17 110°3 151°5 223-9 
0°9705 75°25 92°04 108°6 147°8 218°6 
51 0°9561 73°57 89°19 106°0 1443 214°6 
66 0°9410 72°18 86°76 103°4 140°5 206°6 
81 0°9253 69°10 82°75 98-22 133-9 198°6 


In ethylene bromide (p = 0°9616). 
15°5 2°174 — 61-98 — 75°44 — 89°54 —124:0 —187°8 
35-0 2°133 63°59 77°13 90°93 125°8 188-7 
50 2°104 63°96 77°71 91-60 126-0 187°4 
64 2-074 63°48 76°54 90°33 124-7 185°7 
83 2-033 62°18 75°67 88°86 122-7 180°3 
100 1-999 61-37 73°55 87°04 118°7 175°4 


* Density values marked by an asterisk, here and throughout, were obtained by extrapolation from 
the other data. 


Ethyl Dibenzoyl-d-tartrate——Prepared by the method of Frankland and Wharton (loc. cit.), 
the fraction of b. p. 218—220°/0-3 mm. solidified and was repeatedly recrystallised from aqueous 
alcohol; m. p. 63-5° (Frankland and Wharton give m. p. 62-5°; Wood and Nicholas, J., 1928, 
1689, give m. p. 63-5°); [«]%3, = — 90-84° (c = 2-15 in pyridine). 

Rotations of ethyl dibenzoyl-d-tartrate. ‘ 

a. [a}ry- [a]y. [a],. [a]o. [a]e- 

In quinoline (p = 2-874). 

1-112 * —36°15° —44-36° —53-°91° —75°93° —117-7° 
1-099 44°08 54°13 64°43 90°07 137°2 
1-081 51°24 63°08 74°49 102°8 155°8 
1-065 54°11 66°33 78°54 108-0 161°4 
1-047 55°30 67°61 79°34 109°1 163°0 


In pyridine (p = 4°13). 
1-009 * — 60°50 —74°18 — 88°06 —122°6 — 186°6 
09970 62-20 75°97 90°01 125-2 188°8 
0°9743 63°22 77°34 91°49 126-2 189°8 
0°9585 63°54 76°74 91°05 124'9 187°8 
0°9441 62°75 76°17 89°80 123°8 185-1 
0°9307 61°49 74°92 88°33 121°3 181-0 


In ethylene bromide (p = 1°984). 
2°16 * — 52°93 — 65°30 —77°94 —109°1 — 166°3 
2-122 55°12 66°94 79°79 111-0 168°7 
2-091 55°58 67°84 80°41 111-4 167°7 
2-042 55°21 67°25 79°54 110°3 165°1 
1-986 53°70 64°89 76°98 106-4 157°3 
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n-Propyl Dibenzoyl-d-tartvate—This ester was prepared by the same method as the methyl 
and the ethyl compound. Propyl tartrate (23 g.) was heated with excess benzoyl chloride 

(50 g.) for 4 hours at 140—150°, the excess being distilled off under reduced pressure and the 

residue fractionated. The portion of b. p. 234°/7 mm., dissolved in methylated spirit, 

crystallised after several days. After several recrystallisations from aqueous alcohol, the 

product was obtained as fine, white, needie crystals, m. p. 45-5° (Found: C, 64-63; H, 6-30. 

CyH,,O, requires C, 64:86; H, 631%); yield, 15%; [aig = — 78-16° (c = 2-162 in 

pyridine). 

Rotations of n-propyl dibenzoyl-d-tartrate. 
d. (ap. (a]y- (aly. (a]s. [a]. 
In quinoline (p = 3°27). 

— 23°25° — 29°70° — 36°20° 
31°78 38°71 47°07 
40°05 49°26 58°99 
43°24 52°88 63°45 
45°61 56°33 66°49 
46°52 56°76 67°76 


— 85°94° 
104-4 
126-4 
135°0 
139°9 
141-2 


— 52°83° 
67°25 
82°77 
88°59 
92°23 
93°53 


1-1114 * 
1-100 
1-082 
1-071 
1-058 
1-048 


In pyridine (p = 3°62). 


0 1:0073 * 
16 0°9917 
38°75 0°9692 
58°75 0°9493 
73°5 0°9342 


17 2-154 
41°5 2-105 
59°5 2-068 
80 2-026 
100 1-984 * 


22 
9 
5 


— 52 
52- 
54: 
54°7 
53°87 


In ethylene bromide (p = 1-647). 


— 48°18 
49°60 
49°64 
48°87 
47°28 


— 62°44 
65°43 
66°73 
67°19 
66°01 


— 59°26 
60°71 
61-03 
59°75 
57°99 


— 74°76 
77°61 
79°41 
79°34 
77°89 


— 70°84 
72°18 
71-91 
70°87 
68°82 


—105°0 
108°6 
110°0 
109°7 
108-0 


— 99°51 
100°6 
99°93 
98°47 
94°71 


—161°4 
165°5 
167°0 
164°9 
162-2 


—152°4 
152-9 
151-7 
147°6 
142-7 


n-Butyl Dibenzoyl-d-tarirate—A 29% yield of this compound was obtained by heating 
n-butyl tartrate (35 g.) and benzoyl chloride (70 g.) to 140—150° for 4 hours. After several 
refractionations, the main fraction, b. p. 250°/1-3 mm., solidified to a white crystalline solid, 
m. p. 43° (Found: C, 66-27; H, 6-16. C,g.H,O, requires C, 66-39; H, 638%); [alii = 
— 57-62° (c = 3-64 in pyridine). 


Rotations of n-butyl dibenzoyl-d-tarirate. - 


d. 


11105 * 
1-099 
1-082 
1-071 
1-059 
1-046 


1-007 * 
0°9924 
0°9685 
0°9477 
0°9272 


2-158 
2-114 
2-081 
2-045 
85°25 2-0125 * 
100 1-982 
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(ars. 


[a]y. 


[a],. 


In quinoline (p = 3°353). 


+ 6°631° 
— 5241 


—17°91 
— 23°85 
— 28°19 
— 31-89 


+ 6°497° 
— 7665 
— 22-69 
— 29°68 
— 34°76 
—39°04 


+ 5°776° 


—10°14 
— 28°28 
— 36°36 
—41°91 
— 46°89 


In pyridine (p = 3°668). 


— 34°64 
38°50 
42°53 
44°21 
44°33 


In ethylene bromide (p = 1-705). 


— 39°92 
41-79 
42°59 
42°80 
42°31 
41°59 


— 43°49 
47°95 
52°58 
54°28 
54°48 


— 49°38 
51°31 
52°41 
52°28 
52°02 
51-40 


— 52°22 
57°62 
62°47 
64°54 
64°59 


— 58°83 
61°19 
62°20 
62°32 
61°45 
60°59 


[a]s. 


+ 2-92° 


— 18°24 
—41°72 
— 52°11 
— 59°81 
— 65°79 


— 75°09 
81°98 
87°76 
89°30 
89°41 


— 83°73 
86°18 
86°76 
87°02 
85°61 
83°92 


(Received, November 16th, 1933.] 





[a]e. 


4°65° 


34°61 
67°08 
— 81°87 
— 92°62 
— 100°8 


— 120-0 
128°3 
134°9 
137°4 
136°4 


— 129°5 
131°9 
132°6 
131°4 
128°9 
127-0 
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29. Researches in the Phenanthridine Series. Part III. Meso- 
substituted Derivatives. 


By LeEsiic P. WALLs. 


THE chief purpose of this work has been the preparation of compounds likely to possess 
therapeutic value. With this object, the reactivity of groups ortho to a cyclic tertiary 
nitrogen atom has been exploited. Phenanthridine resembles its isomeride acridine and 
quinoline in that the chlorine and the methyl of 9-chloro- and 9-methyl-phenanthridine 
respectively are reactive, although in the former case to a lesser degree than in the quinoline 
and acridine analogues. For example, when the chloro-compound was heated with 
‘“Naturkupfer ’’ under a variety of conditions no diphenanthridyl could be obtained. 
Nevertheless this compound is regarded as a useful starting material of preparations, 
the structures of which might denote the possession of antimalarial properties. The 
incentive to the preparation of antimalarial drugs supplied by the synthesis in 1926 of 
plasmoquine has culminated in the synthesis of a series of acridine derivatives (I; R = 
aliphatic side chain with terminal NEt,) which are potent antimalarials [the best-known, 
atebrine, was thought to be (I; R = CH,°CH,°NEt,), but Mauss and Mietzsch, Klin. 
Woch., 1933, 12, 1276, have just revealed that R = CH(CH,)-CH,°CH,°CH,’NEt,, which 
brings it into line with plasmoquine]. The therapeutic significance of each part of the 
atebrine molecule cannot be gauged, but the close relationship between phenanthridine 
and acridine suggests that derivatives of this type in the former series might possess 
valuable properties. 

Attempts to alkylate 9-aminophenanthridine (J., 1932, 2225) directly with amines of 
the type of 6-chlorotriethylamine were unsuccessful in that intractable gums were obtained. 
This failure may be attributable to the peculiar structure of the amine, but similar difficulties 
are not uncommon with aminoquinolines. The method of the atebrine patent (B.P. 
363,392) was too mild for the condensation of aliphatic diamines (II) and 9-chloro(or 
bromo)-phenanthridine, consistent with its lower reactivity : equivalents of the reactants 
in hot phenol yield chiefly N-phenylphenanthridone (III). However, when the halogen 
compound is heated with excess of diamine at 120°, substances of the type (IV) are obtained 
which are colourless oily bases, stronger than quinine in that dihydrochlorides only can be 
prepared. The latter have fg 5 in aqueous solution similar to atebrine; their taste is much 
less bitter than that of quinine, and a local anesthetic action is suspected. 


H,N-CH,-CH,'NEt, 


Meo” \% \ CH,CH NPh-C 
TA H,N-CHy-CHy NCCP CECH 
aie SHC] H,N-CHyCH,N(isoC,H,), ie i 


(I.) (II.) NH-CH,°CH, 
NEt,,2HCI 


When they were tested in bird malaria by Professor Keilin at the Molteno Institute, 
Cambridge, they were found to possess no curative properties, and Professor Warrington 
Yorke has established also that they are of no value in trypanosomiasis. That these 
derivatives should be useless therapeutically whereas acridine analogues are potent drugs 
may be due to the absence of substituent chloro- and alkoxy-groups, but a fundamental 
difference appears to exist between phenanthridine and acridine in their physiological 
action. 

The newly discovered importance of the aliphatic diamines (II) rendered desirable an 
investigation of their facile preparation. The early method (Gabriel, Ber., 1891, 24, 1121; 
Ristenpart, Ber., 1896, 29, 2526) of condensation of phthalo-8-bromoethylimide with the 
appropriate dialkylamine is improved by isolating the phthalodialkylaminoethylimide 
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(compare VI). For the diethyl derivative, however, (VI) is best prepared from commercially 
available 6-hydroxytriethylamine (V), a novocaine intermediate, according to the scheme : 


C,H,(CO),NK Ov 
Et,N-CH,°CH,,OH —-> Et,N-CH,°CH,Cl —--——> BuN-CHyCHYNC <e (VI.) 
(V.) 

9-Methylphenanthridine condenses readily with two equivalents of formaldehyde to 
yield 9-88’-dihydroxyisopropylphenanthridine (VII), but a monohydroxy-compound could 
not be isolated although 9-methylacridine is readily converted into 9-8-hydroxyethylacridine 
(Homberger and Jensen, J. Amer. Chem. Soc., 1926, 48, 800). The dihydroxy-compound 
was oxidised smoothly by Kiliani’s mixture to phenanthridine-9-carboxylic acid (VIII) 
together with some phenanthridone. 9-w-Chloromethylphenanthridine which might have 
been used for this purpose gave very little (VIII) but chiefly phenanthridone. The carb- 
oxylic acid forms with hydrochloric acid a yellow crystalline complex which slowly loses 
hydrogen chloride and water on exposure. Phenanthridine-9-carboxylic acid bears some 
structural analogy to “ cincophen ”’ or “ atophan ” (IX), a well-known uric acid eliminant 
and gout remedy. Through the kindness of the Therapeutic Trials Committee of the 
Medical Research Council toxicity tests were carried out at the National Institute which 
showed that in common with cincophen derivatives and certain other drugs (e.g., salvarsan) 
it frequently causes fatty degeneration of the liver, and its pharmacology has not been 
investigated further. 


4 : oe, CO,H 
(VII.) — \c=Nn (VIII.) ee" (IX.) 


CH(CH,°OH), CO,H 

Various applications of the process of conversion of acyl-o-xenylamines into phenan- 
thridines have been described (J., 1931, 2447; 1932, 2225). That the method failed in the 
case of formyl derivatives led to the investigation of other routes to phenanthridines 
unsubstituted in the meso(9)-position. Pyrolysis of phenanthridine-9-carboxylic acid 
proceeds smoothly and almost quantitatively at a low temperature to give phenanthridine, 
and accordingly, since the same would probably apply to its derivatives, the action of 
phosphorus oxychloride on the likeliest precursors of the carboxylic acid, trichloroacet-o- 
xenylamide (X), o-xenyloxamic acid (XI), and its ethyl ester (XII), has been studied. The 
first-named was, however, recovered quantitatively, and a similar non-reactivity was 
found for dichloroacet-o-xenylamide in contrast to the facile conversion of chloroacet-o- 
xenylamide into 9-a-chloromethylphenanthridine (J., 1931, 2447). From (XII) only a 
small quantity of the desired ester (XIII) was obtained, which was identified with the 
product of esterification of (VIII). In the case of (XI) a violent reaction occurred, but the 
carboxylic acid was not among the products. Owing to its sparing solubility, (XIV) was 
most readily isolated, and its distillation over zinc dust gave a good yield of phenanthridine. 
It is unlikely that a diphenyl derivative would be converted into phenanthridine by this 
process, and therefore the formula indicated is tentatively advanced which has been 
allotted by Graebe and Wander (Amnalen, 1893, 276, 245) to a difficultly fusible substance 
obtained by alkaline reduction of o-nitrodiphenyl-o’-carboxylic acid. In addition were 
isolated phenanthridone and s.-di-o-xenyloxamide, and a substance which gave o-xenylamine 
and carbazole by the Baeyer reduction process, the latter doubtlessly being formed pyro- 
genically from the former (compare Blank, Ber., 1891, 24, 306). 


ay (XI) . (XII) 


Ch ‘CO-NH CO,H-CO-NH CO,Et-CO-NH 


(XIV.) | ee . % . (XIII) 
CO,Et-C=N 
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The results obtained reveal certain apparent anomalies in the general synthetic process 
which consists essentially in the removal of H*. The course of the reaction must depend 
on the nature of R, and of nuclear substituents, particularly in the heteronucleus. 


QD (QO) FO 


ORC-NH HO-CR:N RC—N 


Although the reaction proceeds smoothly when R =CH,Cl, it fails completely for 
R = CHCl, and CCl,, which suggests that, as the negative character of R is increased, 
enolisation, the most probable preliminary to ring closure, is inhibited. The electronic 
character of R has, however, no consistent influence, for CH,Cl gives a better result than 
CH, but CO,Et gives a very poor yield and CHCl, fails; o- exceeds m- and p-C,H,°NO, 
and equals C,H,. 

EXPERIMENTAL. 


9-Bromophenanthridine was prepared by the method used by Graebe and Wander (/oc. cit.) 
for the chloro-compound. Phenanthridone, required in considerable quantity, was best 
prepared by treating 9-w-chloromethylphenanthridine (4-5 g.) in hot glacial acetic acid with 
powdered sodium dichromate (9 g.; 1-5 equivs.), added portionwise, and refluxing the mixture 
for 1 hour and then allowing it to cool. The product crystallised from nitrobenzene in character- 
istic white needles (3-5 g.). 

Phenanthridone (4 g.), phosphorus oxybromide (4 g.), and phosphorus tribromide (4 g.) 
were heated for 5 hours at 200°. On cautious addition of water to decompose phosphorus 
halides, a dark solid was liberated which was extracted repeatedly with boiling petroleum 
(b. p. 80—100°). From the extract, small white prisms crystallised, m. p. 123—-124° (Found : 
N, 5-4; Br, 30-7. C,,H,NBr requires N, 5-45; Br, 31-0%). 

Phthalo-B-diethylaminoethylimide.—8-Chlorotriethylamine, freshly prepared from the hydro- 
chloride (5 g.) (Gough and King, J., 1928, 2437), was heated in intimate admixture with finely 
powdered potassium phthalimide (4-5 g.) for 2 hours at 130°, vigorous effervescence occurring. 
The melt was extracted repeatedly with hot alcohol, which left potassium chloride undissolved. 
The residue on evaporation of alcohol was extracted with petroleum (b. p. 60—80°), in which 
most of it dissolved. Evaporation of petroleum left a white crystalline solid, which was further 
purified by extraction with petroleum (b. p. 40—60°) to yield large transparent prisms (5 g.), 
m. p. 46—47° (Found: N, 11-45. C,,H,,0,N, requires N, 11-4%). This phthalimide is moder- 
ately easily soluble in water, but extremely soluble in all organic solvents. It was readily 
hydrolysed by heating under reflux with 20% hydrochloric acid for 2 hours. On cooling, 
phthal’- acid separated; the filtrate on addition of potash sticks gave a basic oil, which was 
distille’. The fraction collected at 140—150° consisted chiefly of $-aminotriethylamine 
(Ristenpart, Joc. cit.). 

Phthalo-B-diisobutylaminoethylimide.—Phthalo-B-bromoethylimide (14 g.) and diisobutyl- 
amine (14 g.; 2 equivs.) were heated together at 130—140° for 4 hours. Anhydrous powdered 
potassium carbonate (8 g.) was then added, and the excess of diisobutylamine (7—8 g.) recovered 
by evaporation under reduced pressure. The residue was extracted with methylene dichloride, 
the extract washed with water, dried over potassium carbonate, and evaporated, leaving an oil 
which dissolved almost completely on extraction with dilute hydrochloric acid. Neutralisation 
of the extract liberated phthalo-B-diisobutylaminoethylimide, which crystallised on cooling 
(12 g.). It separated from alcohol or petroleum (b. p. 40—60°) in large colourless plates, m. p. 
52° (Found: N, 9-4. C,sH,,0,N, requires N, 9-25%). 

8-Diisobutylaminoethylamine, obtained in good yield by hydrolysis of the foregoing 
phthalimide with 20% hydrochloric acid as for the diethylamino-compound, distilled at 200° 
under atmospheric pressure as a fuming liquid of faintly ammoniacal odour; unlike the §-di- 
ethylamino- and the 6-piperidino-ethylamine, it was not completely miscible with water. When 
it was heated with aqueous picric acid (2 equivs.), a yellow crystalline powder separated which 
was sparingly soluble in water. It crystallised from hot methylated spirit in transparent flat 
yellow prisms which disintegrated on cooling; m. p. 190—192° (decomp.), but dependent on 
the rate of heating (Found : N, 18-1. C,)9H,,N,,2C,H,O,N, requires N, 17-7%). 

Reaction between 9-Bromophenanthridine and 8-Aminotriethylamine.—B-Aminotriethylamine 
(2-3 g.; 1 equiv.) was added to a solution of 9-bromophenanthridine (5-2 g.) in phenol (20 g.) 
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at 100°, and the mixture heated for 2 hours, with occasional stirring; dilute caustic soda solution 
was then added in excess to dissolve phenol. From the residual light-coloured gum, when 
stirred with alcohol, a white powder (2-5 g.) separated, which crystallised from alcohol in colour- 
less needles containing no bromine, m. p. 118—119°, depressed on admixture with 9-bromo- 
phenanthridine (Found: N, 5-3. N-Phenylphenanthridone, C,,H,,ON, requires N, 5-15%). 

The alcoholic mother-liquor contained basic substances, but these could not be isolated in a 
pure condition. 

9-8-Diethylaminoethylaminophenanthridine.—9-Bromophenanthridine (2 g.) or 9-chloro- 
phenanthridine and excess of 8-aminotriethylamine (2-5 g.) were heated at 120°. After 2 hours, 
excess Of dilute hydrochloric acid was added (charcoal), which effected almost complete 
dissolution. Addition of alkali precipitated a light-coloured gum (2-2 g.), which would not 
solidify; when a solution in alcohol was treated with concentrated hydrochloric acid, white 
glistening needles of solvated 9-8-diethylaminoethylaminophenanthridine dihydrochloride 
crystallised (Found: Cl, 16-85; loss at 110°, 11-2. C,,H,,;N;,2HCl1,EtOH requires Cl, 17-25; 
EtOH, 11-15%). The salt crystallised from a small volume of water in minute white hydrated 
needles (Found: Cl, 16-7; loss at 100°, 13-1. C,,H,,;N;,2HC1,3H,O requires Cl, 16-9; H,O, 
12-85%). Solvent of crystallisation was readily lost without further decomposition of the salt 
at 100° under reduced pressure. The anhydrous salt melted at 238—243° after sintering much 
lower; it was sparingly soluble in alcohol, but slight hydration of the solvent caused a great 
increase in solubility; a 2% aqueous solution had f, 4 (Found for anhydrous salt: N, 11-7; 
Cl, 19-25. C,,H,,N;,2HCl requires N, 11-5; Cl, 19-4%). When the base was evaporated to 
dryness with hydrochloric acid (1 equiv.), a gum was obtained which could not be crystallised ; 
addition of more hydrochloric acid converted it readily into the dihydrochloride. 

A dipicrate, prepared in the usual way, was almost insoluble in water, and only slightly 
soluble in alcohol, from which it crystallised in transparent yellow prisms, m. p. 208—211° 
(Found: N, 16-95. C,,H,;N3,2C,H,O,N, requires N, 16-8%). 

9-8-Piperidinoethylaminophenanthridine.—9-Bromophenanthridine (3-3 g.) and $-piperidino- 
ethylamine (3 g.) were condensed together as for the previous preparation. The oily triamine gave 
a dihydrochloride in prismatic needles (4-1 g.) from alcohol. The salt crystallised from water in 
colourless prismatic hydrated needles, which lost solvent without decomposition at 100° under 
reduced pressure (Found: Cl, 17-15; loss, 8-6, 8-7. C. 9H.3;N;,2HCI,2H,O requires Cl, 17-15; 
H,O, 8-7%). The anhydrous dihydrochloride had m. p. ca. 265—270° and was sparingly soluble 
in anhydrous but readily soluble in aqueous alcohol (Found : N, 11-2; Cl, 18-55. C.9H.3N;,2HCI 
requires N, 11-1; Cl, 18-8%); pg of 2% aqueous solution, 5. 

A solution of the base in 2N-nitric acid deposited, on cooling, glistening yellow needles 
of a dinitrate, m. p. 130—135° (decomp.), dependent on the rate of heating (Found for salt 
dried at 100° under reduced pressure: N, 16-25. C,)H,,3N;,2HNO, requires N, 16-25%). 

9-8-Diisobutylaminoethylaminophenanthridine-—This compound, prepared from 9-chloro- 
phenanthridine and §-diisobutylaminoethylamine, also could not be obtained crystalline. The 
dihydrochloride did not crystallise well from alcohol, but white glistening plates were obtained 
from water. Water of crystallisation was lost with partial melting at ca. 110°; complete fusion 
occurred at 142—144° (Found for hydrated salt : Cl, 14-45; loss, 14:2. C,,H;,N3,2HC1,4H,O 
requires Cl, 14-4; H,O, 14.6%. Found for anhydrous salt: N, 10-1; Cl, 16-3. C,;H;,N;,2HC] 
requires N, 9-95; Cl, 16-8%). 

9-88'-Dihydroxyisopropylphenanthridine.—This was prepared in good yield when 9-methyl- 
phenanthridine (15 g.), 40% aqueous formaldehyde (15 c.c.), and alcohol (15 c.c.), forming a 
homogeneous solution, were heated under reflux for 5 hours. More formaldehyde solution was 
then added (5 c.c.) and after a further 5 hours’ heating the solution was poured into a large 
volume of ether. The ethereal solution was washed repeatedly with water to remove alcohol 
and formaldehyde, dried over anhydrous potassium carbonate, and cooled to 0°. Ether was 
decanted and the residue was leached with water to leave the crude product (16-5 g.), which 
crystallised from benzene in colourless flat prismatic needles (14-5 g.), m. p. 129-5°—sometimes 
lustrous plates separated from the hot liquor (Found : C, 76-05; H, 6-35; N, 5-65. C,,H,,O,N 
requires C, 75-9; H, 5-95; N, 5-55%). The base dissolved readily in dilute mineral acid; it 
was very soluble in alcohol, but much less so in benzene and ether. Heated with acetic anhydride 
in pyridine, it gave a diacetyl derivative, which crystallised from methyl] alcohol in white needles, 
m. p. 93°, quite soluble in hot petroleum (b. p. 60—80°) (Found: C, 71-3; H, 5-75; N, 4-15. 
C,5Hg0,N requires C, 71-2; H, 5-65; N, 4:15%). 

Phenanthridine-9-carboxylic Acid.—In a typical experiment 9-8§’-dihydroxyisopropyl- 
phenanthridine (5-5 g.) was dissolved in hot 2N-sulphuric acid (20 c.c.) and treated dropwise 
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with Kiliani’s dichromate mixture (88 g.) during 30 minutes; after 2 hours the product was 
diluted with water and filtered, and the residue extracted repeatedly with hot dilute caustic 
soda solution. On evaporation of the alkaline extract and cooling, sodium phenanthridine-9- 
carboxylate (4 g.) separated in glistening white flaky crystals, which were recrystallised from hot 
water (charcoal) (Found: loss on heating in a vacuum, 17:6. C,,H,O,NNa,3H,O requires 
H,O, 18-05%. Found for the anhydrous salt: Na, 9-25. C,,H,O,NNa requires Na, 9-4%). 
The anhydrous salt was hygroscopic. 

The residue from the above extraction with caustic soda was heated with hot dilute sulphuric 
acid to remove chromium compounds; the greyish-white residue (1 g.) sublimed at 250°/6mm. 
in white needles, which, recrystallised from nitrobenzene, had m. p. 293°, alone or in admixture 
with phenanthridone. 

The carboxylic acid as liberated from its sodium salt could not be crystallised conveniently 
from solvents, but was purified as follows. The salt (2-8 g.) was dissolved in hot water and 
treated dropwise with concentrated hydrochloric acid. At first the carboxylic acid separated 
as a white powder, but addition of further acid caused redissolution to a pale yellow liquid, 
from which, on cooling, yellow silky needles of a hydrochloric acid complex (2-8 g.) crystallised, 
containing less than one equivalent of hydrogen chloride [Found : loss at 100°/25 mm. (HCl + 
H,O), 23-6; N, 4-85, 4:9; Cl, 8-25, 8-05%]. When the complex was heated with water, 
phenanthridine-9-carboxylic acid was liberated as a white microcrystalline powder (Found: 
C, 75:05; H, 4:4; N, 6-15. C,,H,O,N requires C, 75-35; H, 4:05; N, 6-3%). The acid is 
insoluble in water and petroleum, sparingly soluble in benzene, and moderately easily in alcohol 
or acetone. Pyridine, which has been used successfully as a solvent for acridine-9-carboxylic 
acid (Homberger and Jensen, Joc. cit.), proved unsatisfactory here: large colourless prisms, 
presumably of a complex, separated slowly when the hot solution was cooled, but on exposure 
to the atmosphere, or on boiling with petroleum, they effloresced and powdered. 

When the acid (1 g.) was heated for 30 minutes at 155°, it melted with effervescence; the 
melt sublimed at 120°/5 mm. in white glistening crystals (0-6 g.), m. p. 105—107° alone or in 
admixture with phenanthridine. 

Ethyl Phenanthridine-9-carboxylate—None of the methods tried gave a good yield, but the 
following was most successful. Dry hydrogen chloride was led for 1 hour into a solution of the 
hydrochloride of the acid (2-5 g.) in alcohol (25 c.c.). The solution was heated gently under 
reflux for 1} hours and then evaporated to dryness. Dilute caustic soda solution was added 
in excess and the product was extracted with ether. The ethereal solution was washed with 
dilute alkali and then with water, dried over anhydrous sodium sulphate, and evaporated to 
dryness. The residue (1-5 g.) set to a crystalline mass, which was extracted with petroleum 
(b. p. 40—60°). On partiai evaporation and cooling, glistening white needles of the ethyl ester 
separated, m. p. 57—58° (Found : C, 76-4; H, 5-05. C,,H,,0,N requires C, 76-5; H, 5:2%). 

Ethyl o-Xenyloxamate and s.-Di-o-xenyloxamide.—o-Xenylamine (9 g.) and ethyl oxalate 
(7-5 g.) were heated at 140° (oil-bath) for 4-5 hours, ethyl alcohol distilling during the reaction 
(compare Klinger, Annalen, 1877, 184, 263). The solid product was ground and boiled with 
methylated spirit, to leave a white crystalline powder (1-2 g.), which separated from benzene 
in colourless needles, m. p. 233—235°, presumably of s.-di-o-xenyloxamide (Found: C, 79-7; 
H, 5-15. C,gH,.O,N, requires C, 79-6; H, 5-1%). The filtrate deposited, on cooling, colourless 
prisms (11 g.) of ethyl o-xenyloxamate, m. p. 112—113° (Found: N, 5-25. C,,H,,0O,;N requires 
N, 5-2%). . 

When the foregoing ester (5 g.) was refluxed for 2 hours with phosphorus oxychloride (10 g.), 
there was a slight evolution of hydrogen chloride, but on decomposition of the excess of acid 
chloride with water, ethyl o-xenyloxamate (4 g.) was recovered unchanged. Neutralisation of 
the acid filtrate precipitated a light yellow oil (<1 g.) which solidified on standing, and on 
crystallisation twice from methyl alcohol occurred in very small yield in crystals characteristic 
of ethyl phenanthridine-9-carboxylate, m. p. 57—-58°, alone or in admixture with it. 

Attempts to improve the yield by reaction at a higher temperature (160°) and by heating a 
xylene solution of the oxamic ester with excess of phosphoric oxide were unsuccessful. 

o-Xenyloxamic Acid.—o-Xenylamine (18 g.) and crystalline oxalic acid (18 g.) were heated 
for 1 hour at 130—140°; evolution of water then occurred (compare Aschan, Ber., 1890, 23, 
1820). The white crystalline aggregate was ground with boiling dilute sulphuric acid; the mass 
of white prismatic needles left undissolved (23 g.) was recrystallised from benzene; m. Pp. 
155—158° (decomp.). The acid was moderately easily soluble in alcohol or benzene, or aqueous 
caustic potash solution, but only slightly soluble in hot water (Found: N, 5-85. C,,H,,0;N 
requires N, 5-8%). 
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o-Xenyloxamic Acid and Phosphorus Oxychloride.—The following is typical of several 
experiments. o-Xenyloxamic acid (13 g.) and phosphorus oxychloride (25 g.) reacted vigorously 
with rapid darkening of the solution and separation of purplish crystals. On addition of water, 
a dark brown mass was obtained insoluble in acid or alkali. On boiling with methylated spirit 
most of the tar dissolved; the extract deposited, on evaporation and cooling, a greyish-white 
powder (ca. 2-5 g.), a sublimate from which at 250°/6 mm. crystallised from nitrobenzene in 
needles characteristic of phenanthridone. 

The residue from the extraction with spirit was heated with boiling glacial acetic acid 
(ca. 100 c.c.) and from the extract were obtained by fractional crystallisation, s.-di-o-xenylox- 
amide, and a substance A in colourless acicular prisms, m. p. >310° (M, by Rast’s method, ca. 
370). Insoluble in glacial acetic acid was (XIV) (1 g.), which crystallised from a large volume of 
boiling nitrobenzene in hard glass-like cubes, insoluble in molten camphor, m. p. >310° 
[Found by micro-analysis: C, 80-0; H, 4-3; N, 7-6. (C,;H,ON), requires C, 80-4; H, 4-15; 
N, 7-2%]. 

Zinc Dust Distillation of the Products.—The substance was mixed with zinc dust and placed 
in the rear end of a hard glass tube, the front end of which was packed with zinc dust—pumice 
mixture. A stream of hydrogen was passed through the tube, which was heated strongly, 
starting from the extremities. 

From A a greenish-yellow semi-solid fluorescent distiliate collected rapidly and in good 
yield. It was extracted with dilute hydrochloric acid to leave a crystalline residue, which 
gave glistening white plates from alcohol, m. p. ca. 237° alone or in admixture with carbazole, 
and had also the characteristic colour reactions of this substance. The base liberated from the 
hydrochloric acid extract on neutralisation, yielded with acetic anhydride acet-o-xenylamide 
as sole product. 

From (XIV) a good yield of distillate was obtained which set to a light brown solid, completely 
soluble in dilute acid. It was purified by crystallisation of its sulphate from alcohol, and finally 
by sublimation under reduced pressure. The base thus obtained in glistening white crystals 
melted at 105° alone or in admixture with phenanthridine. Di- and tri-chloroacet-o-xenylamide 
were prepared by treating an ethereal solution of o-xenylamine (2 equivs.) with the appropriate 
acid chloride, added slowly with stirring. o-Xenylamine hydrochloride was separated, and the 
combined ethereal filtrate and washings were dried over anhydrous potassium carbonate and 
evaporated. The acetyl derivatives were crystallised from petroleum (b. p. 60—80°); for 
the dichloro-compound, white needles, m. p. 104—106° (Found : N, 5-0; Cl, 25-05. C,,H,,ONCI, 
requires N, 5-0; Cl, 25-35%), and for the trichloro-compound, glistening white plates, m. p. 
92—94° (Found: N, 4-45; Cl, 33-6. C,,H,ONCI, requires N, 4-15; Cl, 33-85%). 

When these acetyl derivatives were refluxed with phosphorus oxychloride in various 
proportions, and under various conditions, they were recovered quantitatively. Addition of 
phosphorus pentachloride did not promote reaction, and when phosphoryl chloride was replaced 
by thionyl chloride no reaction occurred : fusion with zinc chloride caused charring. 


The author thanks Professor G. T. Morgan, F.R.S., for permission to publish these results, 
and for advice and helpful criticism. 
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30. The Condensation of Chloral and Bromal with Diamides. 
By F. D. Cuatraway and E. J. F. JAMEs. 


WitH mono- and unsymmetrical di-alkyl- and -aryl-ureas chloral condenses as readily 
as with urea itself (Chattaway and James, Proc. Roy. Soc., 1931, A, 134, 372), though with 
such substituted compounds only the first stage of the reaction can occur. Thus methyl- 
and ethyl-urea in aqueous solution yield with chloral N-methyl- and N-ethyl-N'-(888-trichloro- 
«-hydroxyethyl)urea respectively, the NHR group showing no tendency to react further. 
The products are colourless substances, which with acetic anhydride form diacetyl deriv- 
atives, CCl,CH(OAc)-NH-CO-NAcR. They dissolve readily in aqueous alkalis, and 
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addition of acetic anhydride to the alkaline solutions produces bis-(888-trichloro-a-N - 
alkylcarbamidoethyl) ethers, which themselves yield diacetyl derivatives. 


CCl,CH(OH)-NH-CO-NHR ,.,.,, CCl,CH-NH-CO‘NHR 


, es 
CCl,-CH(OH)-NH-CO-NHR +4“° CCl,CH-NH-CO-NHR 


When any one of these ethers is kept for several hours with a solution of any sodium 
alkoxide in the corresponding alcohol, fission occurs at the ether linkage and an N-alkyl-N’- 
(888-trichloro-a-alkoxyethyl)urea is formed. 


CCl,-;CH-NH-CO-NHR “— CCl,-CH(OR’)‘-NH-CO-NHR 
> 
CCl CEN H-CO-NHR + CHCl, + H-CO,Na + NH,’CO‘NHR 


Bromal condenses similarly with monosubstituted ureas, but the reactions do not pro- 
ceed as readily as with chloral and the resulting compounds are somewhat less stable. 

The condensation of chloral with unsymmetrical dimethyl- and diethyl-urea was first 
observed by van der Zande (Rec. trav. chim., 1889, 8, 222), who found that the compound 
produced from dimethylurea separated from water in a monohydrated condition, 
CCl,*CH(OH)-NH-CO-NMe,,H,O, the molecule of water being lost on keeping or warming, 
whereas the similar condensation product from diethylurea formed anhydrous crystals. 
Bromal condenses similarly with dimethylurea in aqueous solution, the condensation 
product separating first as an unstable hydrate, which on keeping loses water, yielding the 
anhydrous compound. 

Chloral and bromal also condense with unsymmetrical diphenylurea, the compounds 
CX,*CH(OH)-NH-CO-NPh, (X = Cl or Br) being formed. 

These condensation products of chloral and bromal with unsymmetrical dialkyl- and 
diaryl-ureas all dissolve in dilute aqueous alkalis, but separate unchanged on addition of 
acetic anhydride, ethers not being formed. 

Chloral condenses not only with urea and substituted ureas, but with other diamides, 
e.g., oxamide and malonamide. Oxamide, on account of its sparing solubility, only very 
slowly condenses, and it is necessary to heat it with anhydrous chloral for many hours to 
obtain any quantity of the dichloraloxamide [NN’-bis-(886-trichloro-«-hydroxyethyl)oxamide], 
CCl,-CH(OH)-NH-CO-CO-NH-CH(OH)-CCl,, which is formed. It has not been found 
possible to isolate monochloraloxamide, as, on account of the very sparing solubility of 
oxamide, chloral is always necessarily present in excess and the monochloraloxamide is 
itself further, and preferentially, acted upon. 

The action of ammonia upon chloraloxamethane [ethyl N-(88$-trichloro-«-hydroxy- 
ethyl)oxamate], CCl,-CH(OH)-NH-CO-CO,Et, which is readily formed by the con- 
densation of chloral with oxamethane, likewise fails to produce monochloraloxamide, 
as the ammonia causes hydrolysis of the chloraloxamethane, with separation of chloro- 
form. The action of aniline upon chloraloxamethane, however, produces the phenyl 
derivative of monochloraloxamide, viz., N-phenyl-N’-(888-trichloro-«-hydroxyethyl)oxamide, 
CCl,*CH(OH)-NH-CO-CO-NHPh. 

The chloral is very loosely attached to the amide molecule both in dichloraloxamide 
and in chloralphenyloxamide. The compounds are slowly decomposed into chloral and 
the amide when they are heated above 150° for any length of time; they are also very 
rapidly broken down by dilute alkalis. Some oxamide is even formed when they are 
dissolved in aqueous alcohol. 

Dichloraloxamide is a well-crystallised substance, which with acetic anhydride forms a 
diacetyl derivative. It reacts readily with phosphorus pentachloride, with formation of 
NN’-bis-(«888-tetrachloroethyl)oxamide. The two chlorine atoms in the «-positions in this 
compound are very reactive, being displaced by ethoxy-, amino-, and anilino-groups by 
the action of alcohol, ammonia, and aniline, respectively, upon it. 

Malonamide also condenses with chloral, the reaction here being more complicated on 
account of the reactivity of the methylene group. When malonamide is heated for several 
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hours with anhydrous. chloral, CNN’-éris-(888-trichloro-a-hydroxyethyl)malonamide, 
CCl,*>CH(OH)*CH[CO-NH-CH(OH):CCl,],, is formed. 

When a hydrogen atom, either in one of the amido-groups or in the methylene group - 
in malonamide, is replaced by an alkyl or an aryl radical, condensation only occurs with 
the unsubstituted group or groups. Thus by condensing chloral with the appropriate 
substituted malonamide, the following compounds have been obtained : 

CClyCH(OH)-CH<EO NED, on neo pet 


[R = Ph or CH(OH)-CCI,] 


When chloral is condensed with malonanilic acid, carbon dioxide is eliminated and 

-trichloro-8-hydroxybutyranilide is formed. 

All the condensation products of chloral with malonamides are colourless crystalline 
substances, which yield mono-, di-, or tri-acetyl derivatives, according to the number of 
hydroxy-groups present in the molecule. 

Although the methylene group of malonamide is sufficiently reactive to condense with 
chloral, that of cyanoacetamide is not, only the amido-group reacting, with formation 
of cyanoaceto-BBB-trichloro-«-hydroxyethylamide, CCl,*>CH(OH)*-NH°CO-CH,°CN. 


EXPERIMENTAL. 


The Condensation of Chioval and Bromal with Substituted Ureas.—(1) When a solution of 
5 g. of methylurea and 20 g. (2 mols.) of chloral hydrate in 20 c.c. of water was kept at the 
ordinary temperature, N-methyl-N’-(888-trichloro-a-hydroxyethyl)urea slowly crystallised. It 
separated from aqueous alcohol in lustrous six-sided plates, m. p. 140° (decomp.) (Found: Cl, 
47-7. C,H,O,N,Cl, requires Cl, 48-0%), and its diacety! derivative from aqueous acetic acid in 
long, slender, colourless, flattened prisms, m. p. 90—91° (decomp.) (Found: Cl, 35-1. 
C,H,,0,N,Cl, requires Cl, 34-8%). 

(2) 5 G. of N-methyl-N’-(888-trichloro-«-hydroxyethyl)urea were dissolved in 45 c.c. of 
ice-cold N-sodium hydroxide (2 mols.) and 2-4 g. of acetic anhydride were added drop by drop, 
with shaking. Bis-(888-trichloro-a-N’-methylcarbamidoethyl) ether separated immediately as a 
colourless flocculent solid. It crystallised from boiling alcohol in long slender prisms, m. p. 
230° (decomp.) (Found: Cl, 49-9. C,H,,0,N,Cl, requires Cl, 50-0%). Its diacetyl derivative 
crystallised from dilute acetic acid in elongated colourless plates, m. p. 131° (decomp.) (Found : 
Cl, 42-0. C,,H,,0,;N,Cl, requires Cl, 41-8%). 

(3) 3 G. of the preceding ether were dissolved in 30 c.c. of alcohol, and a solution of 0-5 g. 
of sodium in 30 c.c. of alcohol was added. After 24 hours, the liquid, which smelt strongly of 
chloroform, was poured into 200 c.c. of water; N-methyl-N’-(888-trichloro-a-ethoxyethyl)urea 
then crystallised. It separated from alcohol in long, slender, colourless prisms, m. p. 145° 
(decomp.) (Found: Cl, 43-1. C,H,,O,N,Cl, requires Cl, 42-7%). 

By similar reactions the following compounds were prepared : 

N-Ethyl-N'-(888-trichloro-a-hydroxyethyl)urea, large, four-sided, colourless tablets, from 
water, m. p. 138° (decomp.) (Found: Cl, 45-3. C;H,O,N,Cl, requires Cl, 45-2%). 

N-Acetyl-N-ethyl-N'-(888-trichloro-a-acetoxyethyl)urea, long, colourless, flattened prisms, 
with domed ends, from aqueous acetic acid, m. p. 60° (decomp.) (Found : Cl, 33-2. C,H,,0,N,Cl, 
requires Cl, 33-7%). 

Bis-(B88-trichloro-a-N’'-ethylcarbamidoethyl) ether, long, slender, colourless, flattened prisms, 
from alcohol, m. p. 226° (decomp.) (Found: Cl, 47-2. C,)9H,,O,N,Cl, requires Cl, 47-0%). 

Bis-(888-trichloro-a-N’-acetyl-N'-ethylcarbamidoethyl) ether, long colourless prisms, from acetic 
acid, m. p. 145° (decomp.) (Found: Cl, 39-3. C,,H,O;N,Cl, requires Cl, 39-6%) 

N-Ethyl-N’-(888-trichloro-a-methoxyethyl)urea, long, slender, colourless prisms, from aqueous 
alcohol, m. p. 150° (decomp.) (Found: Cl, 42-5. C,H,,0,N,Cl, requires Cl, 42:7%). The 
corresponding ethoxy-derivative, m. p. 135° (decomp.) (Found: Cl, 40-4. C,H,,0,N,Cl, 
requires Cl, 40-4%), the n-propoxy-derivative, m. p. 140° (decomp.) (Found: Cl, 38-35. 
C,H,,O,N,Cl, requires Cl, 38-5%), and the n-butoxy-derivative, m. p. 95° (decomp.) (Found : 
= 36-5. C,H,,O,N,Cl, requires Cl, 36-5%), all form long colourless prisms from aqueous 
alcohol. 

NN-Dimethyl-N’-(888-trichloro-«-hydroxyethyl)urea separated first as a monohydrate 
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in very large, colourless, rhombic tablets, m. p. 74° (decomp.), which were prepared for analysis 
by very rapid drying with filter-paper (Found: Cl, 41-9. Calc. for C,H,O,N,Cl,,H,O: Cl, 
42-0%). On keeping, water was lost with formation of the normal condensation product, which 
crystallised from alcohol in colourless flattened prisms, m. p. 157° (decomp.) (van der Zande, 
loc. cit., gives m. p. 153°) (Found: Cl, 45-0. Calc. for C;H,O,N,Cl,: Cl, 45-2%). 

NN-Diethyl-N’-(888-trichloro-«-hydroxyethyl)urea, large lustrous leaflets, m. p. 146° 
(decomp.) (van der Zande gives m. p. 142°) (Found: Cl, 40-4. Calc. for C;H,,;0,N,Cl,: Cl, 
40-4%). 

NN-Diphenyl-N'-(888-trichloro-a-hydroxyethyl)urea, prepared by the action of anhydrous 
chloral upon diphenylurea, crystallised from alcohol in clusters of long colourless prisms, m. p. 
170° (decomp.) (Found: Cl, 29-9. C,;H,,0,N,Cl, requires Cl, 29-6%). Its monoacetyl de- 
rivative formed slender colourless prisms, from acetic acid, m. p. 108° (decomp.) (Found : 
Cl, 26-6. C,,H,,0O,;N,Cl, requires Cl, 26-5%). 

The following derivatives of bromal were prepared by similar reactions : 

N-Methyl-N’-(888-tribromo-a-hydroxyethyl)urea, glistening, rectangular, colourless plates, 
from aqueous alcohol, m. p. 189° (decomp.) (Found: Br, 67-3. C,H,O,N,Br, requires Br, 
67-6%). The diacetyl derivative crystallised from aqueous acetic acid in lustrous, six-sided, 
colourless prisms, m. p. 119° (decomp.) (Found: Br, 54:8. C,H,,O,N,Br, requires Br, 54-6%). 

Bis-(888-tribromo-a-N'-methylcarbamidoethyl) ether, colourless compact prisms, from alcohol, 
m. p. 200° (decomp.) (Found: Br, 68-9. C,H,,0,N,Br, requires Br, 69-3%). The diacetyl 
derivative crystallised from acetic acid in compact colourless prisms, m. p. 180° (decomp.) 
(Found: Br, 62-2. C,,H,,0O;N,Br, requires Br, 61-9%). 

N-Methyl-N’-(888-tribromo-a-ethoxyethyl)urea, long, slender, colourless, flattened prisms, 
from aqueous alcohol, m. p. 162° (decomp.) (Found: Br, 62-4. C,H,,0O,N,Br, requires Br, 
62-7%). 

N-Phenyl-N’-(888-tribromo-«-hydroxyethyl)urea, prepared by fusing together bromal hydrate 
(1 mol.) and phenylurea (1 mol.), crystallised from aqueous alcohol in long, slender, colourless, 
flattened prisms, m. p. 167° (decomp.) (Found: Br, 57-5. C,H,O,N,Br, requires Br, 57-6%). 
The diacetyl derivative crystallised in slender colourless prisms, from acetic acid, m. p. 142° 
(decomp.) (Found: Br, 47-9. C,;H,,0,N,Br, requires Br, 48-0%). 

Bis-(888-tribromo-a-N’-phenylcarbamidoethyl) ether, long, slender, colourless prisms, from 
aqueous alcohol, m. p. 185° (decomp.) (Found: Br, 58-9. C,,H,,O,;N,Br, requires Br, 59-0%). 
The diacetyl derivative crystallised from acetic acid in colourless rectangular plates, m. p. 163° 
(decomp.) (Found: Br, 53-4. C,,H,.O;N,Br, requires Br, 53-4%). 

N-Phenyl-N’-(888-tribromo-a-methoxyethyl)urea, lustrous, irregular, colourless plates, from 
aqueous alcohol, m. p. 158° (decomp.) (Found: Br, 56-0. C,)H,,O,N,Br, requires Br, 55-7%). 
The corresponding ethoxy-compound crystallised from aqueous alcohol in long, slender, colourless 
prisms, m. p. 145° (decomp.) (Found: Br, 53-9. C,,H,,;0,N,Br, requires Br, 54-0%). 

NN-Dimethyl-N’-(888-tribromo-a-hydroxyethyl)urea, long, slender, colourless prisms, from 
water, m. p. 165° (decomp.) (Found: Br, 64:3. Cs;H,O,N,Br, requires Br, 65-0%). An un- 
stable hydrate was first formed in large, colourless, rhombic prisms, m. p. 96° (decomp.) (Found : 
Br, 62-2. C,;H,O,N,Br,,H,O requires Br, 62-0%). 

NN-Diphenyl-N’-(888-tribromo-a-hydroxyethyl)urea, prepared by fusing together bromal 
hydrate (1 mol.) and diphenylurea (1 mol.), crystallised from alcohol in long colourless prisms, 
m. p. 168° (decomp.) (Found: Br, 49-0. C,;H,,0,N,Br, requires Br, 48-7%). 

The Condensation of Chloral with Oxamide, Malonamide, and Related Compounds.—(1) 10 G. 
of oxamide and 50 g. of anhydrous chloral (2 mols. + excess) were heated together under reflux 
for 8 hours. The mixture was then poured into water and the colourless solid was collected, 
washed with cold water, and extracted several times with boiling alcohol. On addition of water 
to the alcoholic extract, NN’-bis-(888-trichloro-a-hydroxyethyl)oxamide crystallised. It separ- 
ated from aqueous alcohol in colourless flattened prisms (10 g.), which decomposed gradually 
above 190° into oxamide and chloral (Found: Cl, 55-5. C,H,O,N,Cl, requires Cl, 55-6%). 
Its diacetyl derivative crystallised from acetic acid in clusters of slender colourless prisms, 
m. p. 192° (Found: Cl, 45-6. C,H ,0O,N,Cl, requires Cl, 45-6%). 

(2) A solution of 5 g. of ethyl N-(888-trichloro-«-hydroxyethyl)oxamate (prepared by the 
method of Feist, Ber., 1914, 47, 1173) and 1-8 g. of aniline (1 mol.) in 25 c.c. of alcohol was 
warmed on the water-bath for 30 minutes. On addition of dilute hydrochloric acid, N-pheny/- 
N’-(888-trichloro-a-hydroxyethyl)oxamide separated as a colourless solid. It crystallised from 
slightly dilute alcohol in flattened prisms, which decomposed above 180° into chloral and N- 
phenyloxamide (Found: Cl, 33-7. C,gH,O,N,Cl, requires Cl, 34-2%). Its monoacetyl deriv- 
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ative crystallised from acetic acid in felted prisms, m. p. 185° (Found : Cl, 30-3. C,,H,,O,N,Cl 
requires Cl, 30-1%). 

(3) 10 G. of NN’-bis-(888-trichloro-«-hydroxyethyl)oxamide and 10 g. of phosphorus 
pentachloride (2 mols.) were heated together on the water-bath for 30 minutes. Ice was added 
to the viscous product, and NN’-bis-(«888-tetrachloroethyl)oxamide then separated as a yellowish 
solid. It crystallised from acetic acid in lustrous, irregular, colourless plates, m. p. 170° (Found : 
Cl, 67-2. C,H,O,N,Cl, requires Cl, 67-4%). 

When crystallised from boiling alcohol, this compound yielded NN’-bis-(886-trichloro-a- 
ethoxyethyl)oxamide, which separated from alcohol in long colourless prisms, m. p. 176° (Found : 
Cl, 49-0. Cy gH,,O,N,Cl, requires Cl, 48-5%). The corresponding diamino-compound, pre- 
pared by warming the octachloro-compound with alcoholic ammonia on the water-bath for 
30 minutes, crystallised from boiling alcohol in small, lustgous, four-sided plates, m. p. 213° 
(Found : Cl, 56-1. C,H,O,N,Cl, requires Cl, 55-99%). The corresponding dianilino-compound, 
prepared similarly, crystallised from boiling alcohol in long, slender, colourless, flattened prisms, 
m. p. 193° (decomp.) (Found: Cl, 39-8. C,,H,gO,N,Ci, requires Cl, 39-9%). 

(4) 5 G. of malonamide and 30 g. (3 mols. + excess) of anhydrous chloral were heated 
together under reflux on the water-bath for 12 hours. On addition of water to the pale yellow, 
viscid liquid obtained, and prolonged trituration, CNN’-iris-(886-trichloro-a-hydroxyethyl)- 
malonamide separated as a colourless flocculent solid. It crystallised from boiling aqueous 
alcohol in two polymorphic forms: labile form, clusters of long slender prisms, m. p. 180°; 
stable form, colourless six-sided plates, m. p. 180° (decomp.) (Found: C, 20-05; H, 1-8; N, 
5-25; Cl, 58-8. C,H,O;N,Cl, requires C, 19-9; H, 1-7; N, 5-1; Cl, 58-7%). Its triacetyl 
derivative crystallised from aqueous acetic acid in colourless slender prisms, m. p. 165° (decomp.) 
(Found: Cl, 47-4. C,;H,,O,N,Cl, requires Cl, 47-7%). 

By means of similar condensations with the appropriate substituted malonamides the 
following compounds were obtained : : 

NN’-Diphenyl-(888-trichloro-«-hydroxyethyl)malonamide, long, slender, colourless prisms, 
m. p. 187° (decomp.) ‘Found: Cl, 26-4. C,,H,,;0,;N,Cl, requires Cl, 26-5%). Its acetyl 
derivative crystallised from acetic acid in long, slender, colourless prisms, m. p. 210° (decomp.) 
(Found: Cl, 24-1. C,,H,,O,N,Cl, requires Cl, 24-0%). 

N-Phenyl-N'-(888-trichloro-«-hydroxyethyl)-(BBB-trichloro - «-hydroxyethyl)malonamide, long, 
slender, colourless prisms, m. p. 170° (decomp.) (Found: Cl, 44:8. C,3;H,,0,N,Cl, requires 
Cl, 44:8%); diacetyl derivative, small colourless prisms, m. p. 175° (decomp.), from alcohol 
(Found : Cl, 37-8. C,,H,,0,N,Cl, requires Cl, 38-2%). 

NN’-Bis-(888-trichloro-a-hydroxyethyl)ethylmalonamide, clusters of long colourless prisms, 
m. p. 163° (decomp.), from alcohol (Found: Cl, 50-1. C,H,,0,N,Cl, requires Cl, 50-1%); 
diacetyl derivative, short, compact, colourless prisms, m. p. 132°, from alcohol (Found: Cl, 
42-1. C,3H,,O0,N,Cl, requires Cl, 41-9%). 

N-Phenyl-N'-(888-trichloro-a-hydroxyethyl)ethylmalonamide, long colourless prisms, m. p. 
164° (decomp.), from aqueous alcohol (Found: Cl, 29-7. C,;H,,;0,;N,Cl, requires Cl, 30-1%) ; 
monoacetyl derivative, clusters of colourless flattened prisms, m. p. 185° (decomp.), from acetic 
acid (Found: Cl, 27-0. C,;H,,O,N,Cl, requires Cl, 26-9%). 

yyy-Trichloro-B-hydroxybutyranilide, prepared by condensing anhydrous chloral with 
malonanilic acid (carbon dioxide being eliminated), crystallised from aqueous alcohol in glisten- 
ing, colourless, six-sided leaflets, m. p. 146° (decomp.) (Found: Cl, 37-7. CygHO,NCl, 
requires Cl, 37-7%). Its monoacetyl derivative crystallised from slightly aqueous acetic acid 
in long, colourless, four-sided prisms, with domed ends, m. p. 149° (decomp.) (Found : Cl, 33-0. 
C,,H,,0,NCl, requires Cl, 32-8%). 

Cyanoaceto-BBB-trichloro-a-hydroxyethylamide, prepared by condensing anhydrous chloral 
with cyanoacetamide, crystallised from aqueous alcohol in compact, colourless, four-sided 
prisms, with domed ends, m. p. 155° (decomp.) (Found: Cl, 46-2. C,H,;O,N,Cl, requires Cl, 
460%). Its monoacetyl derivative crystallised from dilute acetic acid in compact colourless 
prisms, m. p. 108° (decomp.) (Found: Cl, 39-2. C,H,O,N,Cl, requires Cl, 38-9%). 
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31. The Nitration of Alkyl Benzenes. Part I. The Nitration of 
p-Ethyltoluene. 


By O. L. Brapy and J. N. E. Day. 


SoME years ago (Brady, Day, and Allam, J., 1928, 978) it was announced that an investig- 
ation was being made on the influence of alkyl groups in the benzene ring upon the entry 
of another substituent, particularly the nitro-group. The method of attack suggested 
was the nitration of p-ethyltoluene and similar compounds and we had in mind the deter- 
mination of the relative amourfts of (II) and (III) formed in the mononitration of (I), 


where X and Y are different alkyl groups. 


X X 


¥ 
(I.) (II.) (III.) 


No pairs of compounds of the type (II) and (III) have been described in the literature 
and consequently we had to undertake much preliminary synthetic work, not only on, 
for example, p-ethyltoluene, but also on the nitro-derivatives of ethyl- and the higher 
alkyl-benzenes, these compounds being required for purposes of orientation. The work 
on ethylbenzene is now sufficiently complete (Cline and Reid, J. Amer. Chem. Soc., 1927, 
49, 3150; Brady, Day, and Allam, loc. cit.; Day, J., 1930, 252) and some progress has 
been made with the study of -propylbenzene (Brady and Cunningham, following 
paper). 

Unexpected difficulties arose in the work (e.g., although the nitration of toluene and the 
xylenes proceeds smoothly, this is very far from being the case where alkyl groups with 
longer chains are present) and have delayed its completion, but the investigation along 
similar lines of the nitration of p-isopropyltoluene * by Le Févre (Nature, 1933, 655; J., 
1933, 980) makes it desirable to publish our preliminary synthetic work in its present 
state and to indicate the ideas with which it was started. 

Ingold with Hanhart (J., 1927, 997) and Vass (J., 1928, 3125) advanced evidence that 
the electron-donating power of alkyl groups increases with the length of the carbon chain 
and that branched chains are more effective than isomeric normal chains. Support is 
afforded to this view by the decreasing dissociation constants of the fatty acids with in- 
creasing length of chain. If the donating power of the group were the sole or dominating 
factor governing substitution in the benzene ring, ethylbenzene should be more readily 
nitrated than toluene, -propyl than ethyl, ssopropyl than n-propyl, andsoon. It seemed 
that the relative quantities of (II) and (III) formed in the mononitration of (I) would give 
a quantitative measure of the relative influences of the groups X and Y on the entry of 
the nitro-group and that the difficulties of the accurate measurement of nitration velocities 
would be avoided. 

Qualitative experience tended to show that ethyl- and propyl-benzene are not so 
readily nitrated as toluene and the fact that 4-csopropyltoluene is claimed to give only 
2-nitro-4-isopropyltoluene on nitration (Andrews, J. Ind. Eng. Chem., 1918, 10, 453) 
indicated that some other factors must be considered. 

We were led to think that the methyl group might be abnormal in its activating effect 
by observations of previous workers; ¢.g., Wislicenus (Annalen, 1882, 212, 239) found 
that the relation between the velocities of reaction of alkyl iodides and ethyl sodioaceto- 


* 3-Nitro-4-isopropyltoluene has not been described and for the last six months one of us and 
Patwardan have been attempting its synthesis in quantity. 
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acetate was Me = 198, Et = 21, m-Pr = 5, and Menschutkin (Z. phystkal. Chem., 1890, 
5, 589), investigating the velocity of combination of alkyl iodides with triethylamine, 
found that the relative velocity coefficients were Me = 1140, Et = 10-1, n-Pr = 1-9, 
n-butyl = 1-38, n-heptyl = 1-08, and n-octyl= 1-0. It is remarkable that while the 
reactivities of ethyl, propyl, etc., derivatives are of the same order, that of the methyl 
compound stands apart. A possible explanation of these facts may be found in the idea 
put forward by Bennett and Mosses (J., 1930, 2366). If the methyl group be regarded as 
a small dipole exerting an electron repulsion towards the remainder of the molecule and 
along the line of its attachment to it, the force along this same line in the opposite direction 
outside the group must be of the opposite sign, namely, an electron attraction. By this 
means these authors explained the abnormally high dissociation constants of acids, ¢.g., 
o-toluic acid, where, from stereochemical considerations, the methyl group is close to the 
carboxyl group. In applying this to the alkyl benzenes, much will depend upon the 
angular direction through which this external electron attraction can be exercised; with 
toluene, provided this angular direction is not greater than 240° (assuming the angle 
between the valency directions in benzene to be 120°), the external electron attraction 
will not affect the ortho-positions, but with ethylbenzene and isopropylbenzene the de- 
flection of the methyl group may well bring the ortho-positions within its influence. In 
n-propylbenzene the external field of the CH, group would have the same effect, re- 
inforced whenever free rotation brings the methyl group near to the ortho-position. 

Support is lent to this idea by the fact that o-ethylbenzoic acid has a higher dissociation 
constant (1-7 x 10~) than o-toluic acid (1-17 x 10~) instead of the reverse (Pfaff, Disseri., 
Heidelberg, 1877) ; purely steric influences could not affect this constant. 

There are a number of other experimental facts which are not readily explicable on 
current theories. For example, in the mononitration of toluene the m-nitro-compound 
is formed to the extent of 4-2—4-5% (Gibson, Duckham, and Fairbairn, J., 1922, 121, 
275) : in the further nitration of m-nitrotoluene the nitro-group should have less deactivat- 
ing effect on the 5-position than on the 2-, 4-, or 6-position ortho or para to it; yet sub- 
stitution occurs in the 2-, 4-, and 6-positions exclusively and no indication of the formation 
of 3 : 5-dinitrotoluene has been obtained, whereas if the nitro-group had been absent one 
would have expected 2% substitution in this position. It was with the intention of obtain- 
ing further information on points such as the above that the present investigations were 
started. 

On mononitration with a mixture of nitric and sulphuric acids under conditions which 
ensuré complete mononitration of ethylbenzene, p-ethyltoluene is only partly nitrated, 
some 14% being recovered unchanged; at the same time oxidation occurs with the pro- 
duction of p-methylacetophenone and #-toluic acid. Fractional distillation under reduced 
pressure brought about a partial separation of the products; p-ethyltoluene was recovered 
from the lowest-boiling fraction, and in all the lower fractions p-methylacetophenone was 
detected through its dinitrophenylhydrazone. The highest-boiling fraction (b. p. 247— 
249°/760 mm.) consisted essentially of 2-nitro-p-ethyltoluene; on oxidation it gave 2- 
nitro-p-toluic acid and on reduction and acetylation 2-acetamido-f-ethyltoluene, identified 
by comparison with a specimen prepared from 3-nitro-4-methylacetophenone. The 
intermediate fractions appeared to be mixtures and many attempts to isolate 3-nitro-p- 
ethyltoluene were unsuccessful, although there were undoubted indications that it was 
present. When less drastic conditions, but still sufficient for the complete mononitration 
of toluene, were employed, a larger amount of p-ethyltoluene was recovered unchanged 
and, although #-toluic acid was not found, more #-methylacetophenone was produced 
together with what was probably #-tolylacetaldehyde. Owing, probably, to the presence 
of these compounds prolonged fractionation did not effectively separate the isomerides, 
so other methods of preparing them were investigated, but from the results of lengthy 
fractionation experiments there seems no doubt that 2-nitro-p-ethyltoluene is the main 
product of the nitration. 

On dinitration p-ethyltoluene gave an oil which very slowly deposited about 25% of 
2 : 3-dinitro-p-ethyltoluene, identified by oxidation to 2 : 3-dinitro-p-toluic acid. 
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On trinitration p-ethyltoluene gave an oil which partly solidified; the solid was shown 
to be 2: 3: 6-trinitro-p-ethyltoluene by the following series of reactions : 
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As 2: 6-dinitro-f-ethyltoluene is a solid which can be purified by crystallisation, it 
provides a source of pure 2-nitro-p-ethyltoluene, and the first stage in the preparation 
has been completed, namely, the reduction to 2-nitro-6-amino-p-ethyltoluene. 

The loss involved in proceeding first to the trinitro-compound and then removing two 
nitro-groups led us to attempt a different method of approach via 4-methylacetophenone. 
The commercial product was carefully purified and nitrated to give 3-nitro-4-methyl- 
acetophenone (Errera, Gazzetta, 1891, 21, i, 92), which was crystallised and oriented. 
This provided a compound of known constitution and purity. It was reduced to the 
amine, which was further reduced by Clemmensen’s method to 2-amino--ethyltoluene ; 
the yield in the latter reduction was very poor (5%) and a direct Clemmensen reduction 
of 3-nitro-4-methylacetophenone gave no improvement (45%). However, this work 
enabled us to orient with certainty some of the compounds prepared by the direct nitration 
method. The 2-acetamido-p-ethyltoluene obtained in this way was identical with that 
obtained by the reduction of the 2-nitro-p-ethyltoluene formed in the direct nitration. 
This was of some importance, since experience has shown that differences in the rate of 
oxidation or reduction of isomerides, together with marked differences in solubility of the 
products, may lead one to suppose that a mixture of two compounds is a single entity. 
For example, when mixtures of o- and #-nitroethylbenzene are reduced, the /-compound 
is attacked much more readily than the o- and almost pure p-aminoethylbenzene is obtained 
from the mixture (Cline and Reid, Joc. cit.). 

On oxidation of the lower-boiling fractions obtained from the nitration of p-ethyl- 
toluene, only 2-nitro-p-toluic acid was isolated, yet on reduction an amine was obtained 
which gave a benzoyl derivative different from 2-benzamido-f-ethyltoluene; further, 
this same amine gave an acetyl derivative which after crystallisation to constant melting 
point was still a mixture. 

As a result of these preliminary studies we can now see our way to making pure 2- 
and 3-nitroethyltoluene, the physical constants of which are required for the analysis of 
the nitration product of -ethyltoluene. Qualitatively our results indicate that more 
2- than 3-nitro-p-ethyltoluene is formed in the mononitration and that more 2: 3 : 6- than 
2:3: 5-trinitro-p-ethyltoluene is formed on trinitration ; that is, substitution takes place 
more readily in the position ortho to the methyl than to the ethyl group. 


EXPERIMENTAL, 


p-Ethyltoluene.—At first a purchased specimen was used, but having found that one batch 
consisted essentially of m-ethyltoluene we decided to prepare the starting material. Commercial 
4-methylacetophenone was fractionated under reduced pressure and then at ordinary pressure 
with an eight-bulb Young column, electrically heated for two-thirds of its length. The fraction 
used boiled within 3° at 221-5—222°/767 mm., the oxime melted at 88—89° (Widman and 
Bladin, Ber., 1886, 19, 587, give m. p. 88°), and the semicarbazone at 207° (Henderson and 
Cameron, J., 1909, 95, 973, give m. p. 205°). 4-Methylacetophenone-2 : 4-dinitrophenylhydrazone, 
prepared by the addition of the ketone to an alcoholic solution of 2 : 4-dinitrophenylhydrazine 
sulphate (Brady, J., 1931, 757), crystallised from xylene in clusters of red needles, m. p. 256° 
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(decomp.) (Found: C, 57-9; H, 4:7; N, 17-6. C,;H,,0O,N, requires C, 57-3; H, 4-5; N, 
17-8%). 

Granulated zinc (400 g.) was covered with 5% mercuric chloride solution (1600 c.c.) for 24 
hours, the solution then poured off, the amalgamated zinc washed with water and covered with 
water (300 c.c.), the whole heated to boiling under reflux, and 4-methylacetophenone (100 g.) 
added in ten portions during 3 hours. After each addition of the ketone 200 c.c. of dilute 
hydrochloric acid (2000 c.c. of conc. acid and 500 c.c. of water) were added drop by drop. The 
whole was boiled for a further 3 hours while a further 500 c.c. of acid were added. Unless the 
concentration of hydrochloric acid is kept high throughout the reduction, polymerised styrenes 
are produced in quantity. The mixture was diluted with water (500 c.c.) and distilled until 
500 c.c. had been collected. The top layer of p-ethyltoluene was separated, the aqueous dis- 
tillate extracted with ether, the extract added to the p-ethyltoluene, and the whole dried with 
potassium carbonate and fractionally distilled with a column; 72 g. of p-ethyltoluene were 
obtained, b. p. 160—161°/748 mm. A test with 2 : 4-dinitrophenylhydrazine sulphate in alcohol 
indicated the absence of 4-methylacetophenone. 

Mononitration. To p-ethyltoluene (100 g.), mechanically stirred at 40°, a mixture of nitric 
acid (50 g., d 1-42), nitric acid (24 g., d 1-5), and sulphuric acid (95 g., d 1-84) was added drop 
by drop during 90 minutes. The mixture was kept at 50° for 60 minutes, the temperature 
raised slowly to 95° during a further 60 minutes and held for a further 50 minutes. The mixture 
was cooled and the top layer was separated, washed with water, taken up in ether, dried with 
calcium chloride, and distilled under reduced pressure through an eight-bulb Young column (the 
lower six bulbs being electrically heated). The last fraction to distil solidified on cooling and 
was found to be p-toluic acid by comparison with an authentic specimen (Found: C, 70-3; 
H, 5-9. Calc.: C, 70-6; H, 5-9%). The first fraction (17 g., b. p. up to 115°/14 mm.) gave on 
redistillation 14 g. of p-ethyltoluene. The remaining fractions, which all contained p-toluic 
acid were combined, diluted with ether, kept over solid potassium carbonate, and refractionated, 
six fractions being obtained. The rate of distillation was too slow to enable satisfactory tem- 
perature readings to be obtained, but the fractions were collected as follows : (1) up to 118°/11 
mm., 5 g.; (2) up to 120°/12 mm., 8 g.; (3) up to 120°/11 mm., 6 g.; (4) up to 121°/11 mm., 
4 g.; (5) up to 119°/10 mm., 4 g.; (6) without column, 244—250°/755 mm., 8 g. On redis- 
tillation, fraction (1) gave 3 g., b. p. 226—228°/760 mm., fraction (2) came over almost entirely 
at 245—246°/756 mm., and fraction (6) at 247—-249°/760 mm. Fractions (1) and (2) on treat- 
ment in alcohol with 2 : 4-dinitrophenylhydrazine sulphate gave a red precipitate of 4-methyl- 
acetophenonedinitrophenylhydrazone, identified by comparison with a specimen prepared from 
the ketone. Fractions (3) to (6) gave no such precipitate in 18 hours. The small difference 
in boiling point between fractions 2 and 6 rendered it unlikely that an effective separation 
had been achieved. 

Examination of fraction (6). This seems to be essentially 2-nitro-p-ethyltoluene, b. p. 248°/760 
mm. (Found: C, 65-4; H, 6-5; N, 8-7. C,H,,O,N requires C, 65-4; H, 6-7; N, 8-5%). The 
compound (1 g.) was boiled with nitric acid (40 c.c., d 1-4, and 20 c.c. of water) until no oily 
drops remained; 2-nitro-p-toluic acid (0-6 g.) separated on cooling and was identified by com- 
parison with a specimen prepared from #-toluic acid (Fittig and Ramsay, Amnalen, 1873, 
168, 251). The methyl ester was also prepared (Found: C, 55-3; H, 4-6. Calc.: C, 55-4; 
H, 4:6%) and compared with that prepared from the synthetic 2-nitro-p-toluic acid (Noad, 
Annalen, 1847, 63, 303). The 2-nitro-p-ethyltoluene (4 g.) was reduced with tin and hydro- 
chloric acid, 1-65 g. of 2-amino-p-ethyltoluene being obtained, b. p. 220—230°/773 mm. With 
acetic anhydride this gave an acetyl derivative which, after crystallising twice from 40% acetic 
acid, had m. p. 136°, alone or mixed with 2-acetamido-p-ethyltoluene prepared from 3-nitro- 
4-methylacetophenone (see below). Nitration of the acetyl derivative with ten times its weight 
of nitric acid (d 1-5) at —10° gave 3 : 5-dinitro-2-acetamido-p-ethyltoluene, m. p. 176°, identical 
with that prepared from the 2-acetamido-p-ethyltoluene obtained from 3-nitro-4-methylaceto- 
phenone. 

Examination of fractions (4) and (5). These were mixed and reduced with tin and hydro- 
chloric acid. The amine obtained (5 g., b. p. 220—228°) was fractionated and collected at 
224—226°/757 mm. (Found: C, 80-0; H, 9-8. Calc.: C, 79-9; H, 9-7%). Benzoylation by 
the Schotten—Baumann method gave a crude product, m. p. 110—115°, which, crystallised 
three times from 80% alcohol, gave what was probably 3-bexzamido-p-ethyltoluene in white 
needles, m. p. 131° (Found: C, 80-2; H, 7-2. C,,H,,ON requires C, 80:3; H, 7:-2%). We 
have not yet oriented this compound, but 2-benzamido-p-ethyltoluene melts at 119° (see below). 
Acetylation of the amine with acetic anhydride gave a product, m. p. 114—115°, which on 
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crystallisation from light petroleum yielded what appeared to be a homogeneous substance 
consisting of colourless needles, m. p. 118° (Found: C, 74:3; H, 8-6. C,,H,;ON requires 
C, 74-5; H, 85%). Further crystallisation did not alter the melting point, but the substance 
probably consists of mixed crystals of 2- and 3-acetamido-p-ethyltoluene. 2-Acetamido-p- 
ethyltoluene of undoubted orientation and purity, prepared from 3-nitro-4-methylacetophenone, 
has m. p. 137° (see below). The above compound (m. p. 114—115°) on dinitration gives a 
dinitroacetamido-p-ethyltoluene of approximately the same m. p. as that of the dinitro-com- 
pound obtained from 2-acetamido-p-ethyltoluene, but some depression of m. p. occurs in ad- 
mixture. On hydrolysis, both dinitroacetamido-p-ethyltoluenes give dinitroamino-p-ethyl- 
toluenes, m. p. 183° (separately or mixed). The separation of the two isomerides by crystallis- 
ation is brought about apparently only in the last stage. 

Fraction (1) contained a considerable quantity of 4-methylacetophenone and on oxidation 
gave a mixture of acids which could not be separated. 

Part of fraction (2) on oxidation gave 2-nitro-p-toluic acid; the rest was reduced and the 
amine acetylated, but no pure acetyl derivative could be isolated. 

Fraction (3) was further nitrated in the hope of obtaining 2: 3 : 5-trinitro-p-ethyltoluene, 
but only the 2: 3: 6-compound could be isolated. 

In a second nitration, to p-ethyltoluene (45 g.), stirred and heated at 25—30°, was added 
a mixture of nitric acid (34 g., d 1-42), sulphuric acid (61 g., d 1-84), and water (5 g.) drop by 
drop during 90 minutes, and the mixture was kept for a further 90 minutes at 30°. Six ex- 
periments were carried out and in each one 10—15 g. of unchanged p-ethyltoluene were recovered 
after a preliminary fractionation and used in the subsequent experiment. The products were 
worked up and fractionated as before. Sixteen fractions were collected, most of which con- 
tained 4-methylacetophenone as indicated by dinitrophenylhydrazine; possibly owing to the 
presence of this compound, no satisfactory separation was achieved. The boiling points of the 
various fractions at 10 mm. did not vary by more than 3°. When each of the first three frac- 
tions was dissolved in alcohol and fractionally precipitated with dinitrophenylhydrazine sulphate 
in alcohol, first yellow and then a mixture of red and yellow and finally red crystals were pre- 
cipitated. The red material was 4-methylacetophenonedinitrophenylhydrazone, m. p. 256°. 
The yellow substance on recrystallisation from xylene gave yellow plates, m. p. 206° (Found: 
C, 57-5; H, 4:4; N, 17-8. C,,;H,,0O,N, requires C, 57-3; H, 4:5; N, 17-8%). When these 
were mixed with 3-methylacetophenonedinitrophenylhydrazone (m. p. 206—207°), the m. p. 
was ca. 175°. The yellow colour suggests that this compound is 4-methylphenylacetaldehyde- 
dinitrophenylhydrazone, since the dinitrophenylhydrazones of benzaldehyde, p-tolualdehyde, 
cuminaldehyde, and of acetophenone and p-methylacetophenone are red, but those of phenyl- 
acetaldehyde and of phenylpropaldehyde are yellow. 

The last three fractions redistilled under ordinary pressure almost completely at 248—250°, 
the distillate being essentially 2-nitro-p-ethyltoluene. Attempts were made to remove the 
ketone from the middle fractions by treatment with hydroxylamine and sodium hydroxide, 
but without complete success. After this treatment, however, further fractionation gave a 
considerable quantity of a product, b. p. 248—250°, which was free from ketone and apparently 
similar to that obtained above. 

Diniiration. p-Ethyltoluene (6 g.) was added drop by drop to nitric acid (40 c.c., d 1-5) 
at 20°. The mixture was kept for an hour at room temperature and poured on ice. The oil 
obtained solidified in a desiccator after a year. The solid (1-75 g.), after crystallisation from 
70% alcohol, proved to be 2 : 3-dinitro-p-ethyltoluene, m. p. 51-5° (Found: C, 51-7; H, 4-8; 
N, 13-2. Calc.: C, 51-4; H, 4:8; N, 13-3%). This (0-4-g.) was boiled for 2 hours with potass- 
ium dichromate (2 g.), water (10 c.c.), and sulphuric acid (6 c.c.), and the cooled solution 
extracted with ether. The ethereal solution was extracted with sodium carbonate solution, 
and the latter acidified with concentrated hydrochloric acid; ether then extracted 2 : 3-dinitro- 
p-toluic acid, m. p. 249° after crystallisation from 20% alcohol (Found: C, 42-4; H, 2-7. 
Calc.: C, 42-5; H, 2-7%) (Rozanski, Ber., 1889, 22, 2680). Jannasch and Dieckmann (Ber., 
1874, 7, 1514) described a dinitro-p-ethyltoluene, m. p. 52°, but did not orient it. 

Trinitration, The trinitration was carried out in three stages. p-Ethyltoluene (24 g.) 
was added drop by drop to a mixture of nitric acid (36 c.c., d 1-4) and sulphuric acid (80 c.c. 
of 80% conc.) at 40°, and the mixture kept at 40—50° for a further 30 minutes, then cooled and 
separated. The oil was added slowly to a mixture of nitric acid (36 c.c., d 1-4) and sulphuric 
acid (80 c.c., d 1-8) at 60°, and the mixture kept at 60° for a further 45 minutes. After cooling, 
the oil was separated, added slowly to a mixture of nitric acid (28 c.c., d 1-5) and sulphuric acid 
(88 c.c., d 1-8) at 70°, and finally heated at 80° for 60 minutes. (At this stage the temperature 
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must not exceed 80°, otherwise violent oxidation occurs.) The nitro-compound was separated, 
washed with water, and dissolved in ether, and the solution washed with N-sodium carbonate 
until the washing was free from yellow colour, then with water, dried with calcium chloride, and 
evaporated. The average yield of crude trinitro-product was equal to the weight of p-ethyl- 
toluene taken: loss occurred by oxidation and by the solubility of the nitro-compounds in 
the spent acids. Somewhat better yields were obtained by using the spent acid from the final 
nitration, after addition of nitric acid, for the mononitration. The residue partly solidified 
after some days and was pressed on a porous tile. The solid (40—50% of the total trinitration 
product), on crystallising from alcohol, gave 2 : 3 : 6-trinitro-p-ethyltoluene, m. p. 93° (Found : 
C, 42-5; H, 3-6; N, 16-7. Calc.: C, 42-4; H, 3-6; N, 165%). The waste acid, after several 
days, deposited a small precipitate which proved to be the same compound. Glinzer and Fittig 
(Annalen, 1865, 136, 313) described a trinitro-p-ethyltoluene, m. p. 92°, but did not orient it. 
The conversion of the above solid into 2: 6-dinitro-p-ethyltoluene and 2 : 6-dinitro-p-toluic 
acid (see below) establishes that the nitro-groups are in the positions indicated. 

The oil (7 g.) absorbed in the tile was recovered by extraction with ether, dissolved in alcohol 
(100 c.c.), and warmed for 15 minutes with hydrazine hydrate (2 c.c. of 50% solution). On 
cooling, yellow crystals (1-1 g.) separated which were found to be the hydrazine derived from 
the above 2 : 3 : 6-trinitro-p-ethyltoluene : no hydrazine corresponding to the missing 2: 3: 5- 
trinitro-compound was obtained. The oil extracted from the tile was deficient in nitrogen 
(Found: N, 15-6. The tri- and the di-nitro-compound require N, 16-5 and 13-3% respectively) 
and may have contained dinitro-p-ethyltoluenes; no ketones or aldehydes were present. 

2 : 6-Dinitro-p-ethylioluene—When 2: 3 : 6-trinitro-p-ethyltoluene (1-3 g.) in alcohol (30 
c.c.) was heated for 10 minutes with hydrazine hydrate (1 c.c. of 50% solution), a yellow pre- 
cipitate separated. Crystallised from alcohol, this gave 2 : 6-dinitro-3-hydrazino-p-ethyltoluene 
in yellow needles, m. p. 171° (decomp.) (Found: C, 45-1; H, 5-2; N, 23-4. C,H,,0,N, re- 
quires C, 45-0; H, 5-0; N, 23-3%). 

2:3: 6-Trinitro-p-ethyltoluene (2 g.) in alcohol (50 c.c.) was warmed with aqueous ammonia 
(10 c.c., d 0-88), two more equal quantities of ammonia being added at intervals of an hour. 
After cooling, the precipitate was collected and crystallised from alcohol, 2 : 6-dinitro-3-amino- 
p-ethyltoluene being obtained in yellow needles, m. p. 143° (Found: C, 48-1; H, 5-0; N, 19-0. 
C,H,,0,N; requires C, 48-0; H, 4:9; N, 18-7%). 

2 : 6-Dinitro-3-hydrazino-p-ethyltoluene (0-8 g.) in glacial acetic acid was heated at 100° 
for 30 minutes with cupric acetate (4 g.), an equal volume of water added, and the whole sub- 
mitted to steam distillation. The solid which separated from the distillate, on crystallisation 
from alcohol, gave 2: 6-dinitro-p-ethylioluene in long white needles, m. p. 60° (Found: N, 
13-4. C,H, O,N, requires N, 13-3%). 

2 : 6-Dinitro-3-amino-p-ethyltoluene (0-3 g.) in absolute alcohol (6 c.c.) containing 20% 
oleum (1-5 c.c.) was heated, and dry sodium nitrite (1 g.) added. After dilution, distillation 
in steam, and extraction of the distillate with ether, a product was isolated which on crystallis- 
ation gave the same 2 : 6-dinitro-p-ethyltoluene as that obtained above. 

2 : 6-Dinitro-p-ethyltoluene (0-45 g.) was boiled for 14 hours with potassium dichromate 
(1-7 g.), sulphuric acid (5 c.c., d 1-8), and water (10 c.c.), and the mixture was cooled, diluted, 
and extracted with ether. The ethereal solution was extracted with dilute aqueous sodium 
carbonate, and the extract acidified with hydrochloric acid. The precipitate (m. p. 158— 
159°), crystallised from water, gave 2 : 6-dinitro-p-toluic acid, m. p. 159°, which was compared 
with an authentic specimen prepared by the nitration of p-toluic acid (Briickner, Ber., 1875, 
8, 1678). Each specimen of the acid (0-5 g.), boiled with silver oxide (0-5 g.) and excess of 
methyl iodide under reflux for 2 hours, gave the same methyl 2 : 6-dinitro-p-toluate, which 
crystallised from methyl alcohol in long white needles, m. p. 87—88° (Found: C, 44-7; H, 
3-5; N, 11-7. C,H,O,N, requires C, 45-0; H, 3-4; N, 11-7%). 

Other Derivatives from 2: 3 : 6-Trinitro-p-ethyltoluene.—2 : 3 : 6-Trinitro-p-ethyltoluene (1-5 
g.), alcohol (30 c.c.), and methylamine (1-5 g. of 33% solution), boiled for 30 minutes, gave 
2 : 6-dinitro-3-methylamino-p-ethyltoluene, which separated from alcohol in yellow plates, m. p. 
168° (Found : C, 50-4; H, 5-5; N, 17-7. CygH,,;0,N, requires C, 50-2; H, 5-5; N, 17-6%). 

When 2: 3: 6-trinitro-p-ethyltoluene (2-5 g.) in alcohol (30 c.c.) was boiled for 14 hours 
with hydrazine hydrate (4 g. of 50% solution), and the product cooled and acidified with dilute 
hydrochloric acid, 6-nitro-1-hydroxy-7-methyl-4-ethyl-1 : 2 : 3-benztriazole was obtained, which 
separated from 60% alcohol, containing a drop of hydrochloric acid, as a white crystalline 
powder, m. p. 224° (decomp.) (Found: C, 48-7; H, 4-6; N, 25-2. C,H,,O,N, requires C, 


48-6; H, 4-6; N, 25-2%). 
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2-Nitro-6-1mino-p-ethyltoluene.—2 : 6-Dinitro-p-ethyltoluene (2 g.) in alcohol (20 c.c.) was 
warmed, and ammonium sulphide (10 c.c. of 15% solution) added in small quantities at a time. 
The mixture was boiled for an hour and filtered hot. On cooling, yellow crystals separated, 
which were collected, extracted with boiling 2N-hydrochloric acid, and reprecipitated with 
ammonia, Crystallised from alcohol, these gave 2-nitro-6-amino-p-ethyltoluene in yellow 
needles, m. p. 96° (Found: C, 60-1; H, 6-7; N, 15-7. CjH,,0O,N, requires C, 60-0; H, 6-7; 
N, 156%). 2-Nitro-6-acetamido-p-ethyltoluene, prepared by the action of acetic anhydride, 
crystallised from alcohol in white needles, m. p. 166° (Found: C, 59-5; H, 64; N, 12-9. 
C,,H,O3N, requires C, 59-4; H, 6-3; N, 12-6%). 

3-Nitro-4-methylacetophenone.—This was prepared by adding 4-methylacetophenone (60 
g., purified as described above) drop by drop to nitric acid (400 c.c., d 1-5) at 5—10°, diluting 
the mixture, collecting the product and crystallising it from alcohol; m. p. 61° (Errera, Gaz- 
zetta, 1891, 21, i, 92). The oxime crystallised from alcohol in prisms, m. p. 133° (Found: C, 
55-8; H, 5-2. C,H,O,N, requires C, 55-7; H, 5-2%); the semicarbazone from glacial acetic 
acid as a microcrystalline yellow powder, m. p. 262° (decomp.) (Found: C, 51-3; H, 5:1. 
CyoH,,0,N, requires C, 50-8; H, 5-1%); and the 2: 4-dinitrophenylhydvazone from xylene 
in orange-yellow plates, m. p. 232° (Found: C, 50-3; H, 3-6. C,;H,,;0,N, requires C, 50-1; 
H, 3-6%). 

3-Nitro-4-methylacetophenone (1 g.) was boiled with nitric acid (15 c.c., d 1-4) and water 
(15 c.c.) for 24 hours. On cooling, 2-nitro-p-toluic acid crystallised; it was identified by com- 
parison with another specimen and by conversion into the methyl ester. 

3-A mino-4-methylacetophenone.—The above compound (36 g.) in alcohol (100 c.c.) was 
boiled with hydrochloric acid (5 c.c.) and iron filings (34 g.) under reflux for 4 hours. After 
filtration and evaporation the residual 3-amino-4-methylacetophenone crystallised from light 
petroleum in thin white plates, m. p. 80° (Found: C, 72-3; H, 7-5. C,H,,ON requires C, 
72-4; H, 7:-4%). The same substance was obtained when the nitroacetophenone (2 g.) in 
alcohol (50 c.c.) was boiled for 2 hours with sodium hydrosulphite (7 g.). 

3-A mino-4-methylacetophenone-2 : 4-dinitrophenylhydrazone, prepared in alcohol with 2: 4- 
dinitrophenylhydrazine sulphate, contained sulphate, which was removed by treatment with 
dilute aqueous ammonia; it separated from xylene as a red crystalline powder, m. p. 265° 
(decomp.) (Found: C, 55-4; H, 4:6; N, 21-2. C,;H,,O,N, requires C, 54-7; H, 4:6; N, 
21-3%). 

3-A cetamido-4-methylacetophenone, prepared with acetic anhydride, crystallised from alcohol 
in long colourless plates, m. p. 142° (Found: C, 69-0; H, 6-9. C,,H,,;0,N requires C, 69-1; 
H, 68%). 3-Acetamido-4-methylacetophenonesemicarbazone crystallised from alcohol (4 vols.) 
—acetic acid (1 vol.) in white needles, m. p. 252° (decomp.) (Found : C, 58-0; H, 6-5. C,,.H,,O,N, 
requires C, 58-0; H, 6-5%), and the 2: 4-dinitrophenylhydrazone from xylene in orange-red 
crystals, m. p. 280° (decomp.) (Found: C, 55-3; H, 4:7. C,,H,,0O;N, requires C, 55-0; H, 
46%). 

2-Amino-p-ethyltoluene.—A mixture of zinc (200 g., amalgamated as described before and 
covered with concentrated hydrochloric acid, 200 c.c., and water, 200 c.c.) with 3-nitro-4- 
methylacetophenone (25 g.) was heated, cautiously until the first reduction of the nitro-group 
had occurred, under reflux for 6 hours, a further 600 c.c. of hydrochloric acid being added 
during this time. After cooling, sodium hydroxide (400 g.) in water (600 c.c.) was added, and 
the mixture distilled in steam. From the distillate, ether extracted 3 g. of 2-amino-p-ethyl- 
toluene, b. p. 220—228°/768 mm. Acetylation with acetic anhydride gave the acetyl deriv- 
ative, which was identical with that obtained by nitration of p-ethyltoluene and subsequent 
reduction and acetylation (p. 117), and crystallised from alcohol in white needles, m. p. 137° 
(Found: C, 74-5; H, 8-4; N, 7-8. C,,H,,ON requires C, 74-5; H, 8-5; N, 7-9%). Reduction 
of 3-amino-4-methylacetophenone (25 g.) in an exactly similar manner gave only 1-3 g. of 2- 
amino-p-ethyltoluene, b. p. 224—228°. 2-Benzamido-p-ethyltoluene crystallised from 80% 
alcohol in white needles, m. p. 119° (Found: C, 80-2; H, 7-0; N, 6-0. C,,H,,ON requires 
C, 80-3; H, 7-2; N, 5-9%). 

3 : 5-Dinitro-2-acetamido-p-ethyltoluene.—2-Acetamido-p-ethyltoluene (1 g.) was added 
slowly to nitric acid (10 c.c., d 1-5) between —5° and —10°. The mixture was kept for 15 
minutes and poured on ice, and the precipitate at once well washed with water. Crystallisation 
first from 50% alcohol and then from acetic anhydride gave 3 : 5-dinitro-2-acetamido-p-ethyl- 
toluene in colourless needles, m. p. 176° (Found: C, 49-8; H, 5-0; N, 15-3. C,,H,,0,N; requires 
C, 49-4; H, 4-9; N, 15-7%). When this compound (1 g.) was boiled for 3 hours with alcoholic 
sulphuric acid (acid, 5 c.c., d 1-84; water, 5c.c.; alcohol, 10 c.c.) and cooled, crystals separated 
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which gave 3 : 5-dinitro-2-amino-p-ethyltoluene in yellow needles (from alcohol), m. p. 183° 
(Found: C, 48-0; H, 4:9; N, 18-7. C,H,,O,N; requires C, 48-0; H, 4-9; N, 18-7%). 

2 : 4-Dinitrophenylhydrazones of 2- and 3-Methylacetophenone.—o-Toluic acid (6 g.) in boiling 
water (600 c.c.) was neutralised with calcium carbonate, and the filtered solution evaporated 
to dryness. The calcium salt was mixed with calcium acetate (both dried at 120°) and distilled 
in nitrogen, and the distillate fractionated. The 2-methylacetophenone, collected between 
212° and 218°, gave with alcoholic 2 : 4-dinitrophenylhydrazine sulphate, 2-methylacetophenone- 
2 : 4-dinitrophenylhydrazone, yellow crystals (from xylene), m. p. 159° (Found: C, 57-8; H, 
4-4; N, 17-7. C,;H,,O,N, requires C, 57-3; H, 4:5; N, 17-8%). Similarly, from m-toluic 
acid, 3-methylacetophenone-2 : 4-dinitrophenylhydrazone was obtained in orange-red needles 
(from xylene), m. p. 207° (Found: C, 57-5; H, 4:5; N, 17-6. C,;H,,0,N, requires C, 57-3; 
H, 4:5; N, 17-8%). 


UNIVERSITY COLLEGE, LONDON. [Received, November 9th, 1933.] 





32. The Nitration of Alkyl Benzenes. Part II. Nuitro-derivatives of 
n-Propylbenzene. 


By O. L. Brapy and R. NEIL CUNNINGHAM. 


NITRATION of the higher alkyl benzenes is apt to yield a variety of products, including 
some where substitution or oxidation has occurred in the side chain; consequently, it 
is difficult, if not impossible, to isolate in the pure condition the nitro-compounds required 
for reference purposes (see Part I). The principle has therefore been adopted of preparing 
the required compounds from others which could be purified by crystallisation. 

None of the nitro-derivatives of n-propylbenzene has so far been described. Schultz 
and Perl (Ber., 1909, 42, 3614) mononitrated »-propylbenzene and isolated p-benzamido- 
n-propylbenzene from the reduced product, but did not isolate a pure nitro-n-propyl- 
benzene. From u-propylbenzene Konovaloff (J. Russ. Phys. Chem. Soc., 1894, 25, 532) 
obtained three phenylnitropropanes by the action of dilute nitric acid, and Wolffenstein 
and Béters (Ber., 1913, 46, 585) obtained nitrophenolic compounds by nitration in presence 
of mercury. 

Although we could not isolate either compound pure, we have obtained evidence that 
2 : 4-dinitro-n-propylbenzene is the main product of the dinitration of -propylbenzene, 
and that 2 : 4 : 6-trinitropropylbenzene also is formed to some extent on vigorous nitration. 

We have prepared o-nitro-n-propylbenzene from the crude 2 : 4-dinitro-n-propylbenzene 
produced by direct nitration, by reduction with ammonium sulphide to 2-nitro-4-amino- 
n-propylbenzene and removal of the amino-group. The reduction follows the same course 
as that of 2:4-dinitrotoluene (Beilstein and Kuhlberg, Amnalen, 1870, 155, 14), as is 
shown by the oxidation of the nitropropylbenzene ultimately obtained to o-nitrobenzoic 
acid. 3: 5-Dinitro-n-propylbenzene was prepared by reduction of the mixture of o- and 
p-nitropropylbenzenes obtained by nitration, dinitration of the acetamido-derivatives, 
and subsequent removal of the amino group : 
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2 : 3-Dinitro-n-propylbenzene was obtained by the nitration of 2-nitro-4-acetamido-n- 
propylbenzene and removal of the acetamido-group from the 2 : 3-dinitro-4-acetamido-n- 
propylbenzene produced. 

We were unable to isolate 2 : 5-dinitro-4-acetamido-n-propylbenzene from the nitration 
product, though some was undoubtedly present (compare Scott and Robinson, J., 1922, 
121, 844; Page and Heasman, J., 1923, 123, 3235, who obtained 2 : 3- and 2: 5-dinitro- 
4-acetamidotoluenes in the nitration of 2-nitro-4-acetamidotoluene). The orientation 








Brady and Cunningham : 


of 2 : 3-dinitro-4-acetamido-n-propylbenzene was established by the oxidation of the 2 : 3- 
dinitro-n-propylbenzene obtained from it to 2 : 3-dinitrobenzoic acid. 

m-Niutro-n-propylbenzene has been prepared by a method which does not conform to 
the condition laid down at the beginning of this paper and therefore its purity is open to 
doubt. The mixture of o- and p-acetamidopropylbenzenes obtained after reduction of 
the mononitration product of propylbenzene was mononitrated, and the acetamido-group 
removed from the mixed product. In accordance with the following scheme, unless any 
considerable amount of meta-nitration occurs in the nitration of -propylbenzene, the 
m-nitropropylbenzene so obtained should be reasonably pure. 
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EXPERIMENTAL. 


o-Nitro-n-propylbenzene.—n-Propylbenzene (12 g.) was added slowly to a mixture of sulphuric 
acid (60 c.c., d 1-8) and nitric acid (28 c.c., d 1-42), kept below 40°. The whole was heated on 
the water-bath for 30—40 minutes and cooled, and the acid separated. The nitro-compound 
was washed with water and dilute sodium carbonate solution, dried, and distilled; the main 
product passed over at 170—173°/11 mm. The crude 2: 4-dinitropropylbenzene (14 g.) in 
alcohol (40 c.c.) was boiled for 30 minutes under reflux with alcoholic ammonium sulphide 
(prepared by mixing 36 c.c. of concentrated aqueous ammonia with an equal volume of alcohol, 
saturating half this solution with hydrogen sulphide, and adding the other half), The hot 
solution was separated from sulphur, diluted, and cooled. The precipitate was extracted 
several times with boiling concentrated hydrochloric acid, and the base precipitated from the 
extract with dilute sodium hydroxide solution. After crystallising first from dilute alcohol 
and then from light petroleum, 2-nitro-4-amino-n-propylbenzene formed orange plates, m. p. 
59° (Found: C, 59-7; H, 6-6. C,H,,O,N, requires C, 60-0; H, 6-7%). 

2-Nitro-4-acetamido-n-propylbenzene, prepared by the action of acetic anhydride, crystallised 
from benzene and light petroleum in pale yellow needles, m. p. 90° (Found: N, 12-8. C,,H,,0,N, 
requires N, 12-6%). 

2-Nitro-4-amino-n-propylbenzene (7-5 g.), dissolved in a mixture of fuming sulphuric acid 
(40 c.c.) and absolute alcohol (110 c.c.), was heated on the water-bath, and dry sodium nitrite 
(12 g.) added in small portions. After being heated for a further 15 minutes, the mixture was 
distilled in steam, and the oil extracted from the distillate with ether. After three distillations 
under reduced pressure 0-nitro-n-propylbenzene was obtained as a pale yellow liquid with an 
odour similar to that of nitrobenzene but rather sweeter; b. p. 133—136°/26 mm. (Found : 
C, 64-8; H, 6-6; N, 8-6. C,H,,O,N requires C, 65-5; H, 6-6; N, 8-5%). 

o-Nitropropylbenzene was very slowly attacked by potassium dichromate and dilute sulphuric 
acid, but boiling for 2 hours with alkaline potassium permanganate and saturation with sulphur 
dioxide gave o-nitrobenzoic acid. 

4-Nitro-2-amino-n-propylbenzene.—Crude 2: 4-dinitro-n-propylbenzene (2 g.) in alcohol 
was heated on the water-bath for 2 hours with stannous chloride (6 g.) in alcohol (10 c.c.) saturated 
with hydrogen chloride. After dilution, tin was removed as sulphide and the filtrate concen- 
trated and partly neutralised, enough free acid being left to keep the amine in solution. The 
liquid was again saturated with hydrogen sulphide and these operations were repeated until 
the solution was free from tin. On addition of dilute sodium hydroxide solution 4-niiro-2- 
amino-n-propylbenzene separated; it crystallised from dilute alcohol in yellow needles, m. p. 
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73° (Found: C, 59-7; H, 6-7; N, 15°7. C,H,,0O,N, requires C, 60-0; H, 6-7; N, 15-6%). 
This compound was quite different in appearance from 2-nitro-4-amino-n-propylbenzene, and 
a mixture of the two melted below the m. p. of either. 

The quantity of the compound obtained was insufficient for the preparation of p-nitro-n- 
propylbenzene, and an attempt to obtain a larger quantity was unsuccessful, owing, apparently, 
to the production of the diamine. 

2 : 3-Dinitro-n-propylbenzene.—2-Nitro-4-acetamido-n-propylbenzene (20 g.) was added in 
small portions to a mixture of sulphuric acid (40 c.c., d 1-8) and nitric acid (40 c.c., d 1-42) 
cooled in ice, and the mixture allowed to attain room temperature during 30 minutes and then 
poured on ice. The yellow oil which was precipitated soon solidified; when it was crystallised 
from the smallest possible quantity of glacial acetic acid and then from alcohol, 2 : 3-dinitro-4- 
acetamido-n-propylbenzene separated in yellow plates, m. p. 130° (Found: N, 16-0. C,,H,;0;N; 
requires N, 16-1%). This compound, on hydrolysis at 100° for 2 hours with 50% sulphuric 
acid, neutralisation, and crystallisation from alcohol, gave 2 : 3-dinitro-4-amino-n-propylbenzene 
in orange crystals, m. p. 124° (Found: C, 48-2; H, 4-9. C,H,,0O,N; requires C, 48-0; H, 4-9%). 

The amino-group was removed from the above compound in the manner described in the 
preparation of o-nitropropylbenzene. A solid separated from the steam distillate, which, 
after crystallising from dilute alcohol, gave 2 : 3-dinitro-n-propylbenzene in white plates, m. p. 
64° (Found : C, 51-6; H, 4:9; N, 13-4. C,H,,0O,N, requires C, 51-4; H, 4:8; N, 13-3%). 

2 : 3-Dinitro-n-propylbenzene was heated to boiling for an hour with 50% sulphuric acid 
and potassium dichromate. After cooling, 2 : 3-dinitrobenzoic acid was collected, recrystallised 
from hot water, and identified by its m. p. 201° and by conversion by Fischer and Speier’s method 
(Ber., 1895, 28, 1150) into its methyl ester, m. p. 134° (Brady, Day, and Allam, J., 1928, 981). 

3 : 5-Dinitro-n-propylbenzene.—n-Propylbenzene (12 g.) was added slowly to an ice-cooled 
mixture of sulphuric acid (32 c.c., d 1-8), nitric acid (18 c.c., d 1-42), and water (8 c.c.) with 
thorough shaking, the temperature not being allowed to rise above 40°; after 30 minutes, 
the acid was separated. The nitro-compound was washed with water and alkali and reduced 
with tin (22 g.) and concentrated hydrochloric acid (60 c.c.). The reduction mixture was 
distilled in steam to remove unchanged nitro-compound, made alkaline, and again distilled in 
steam. The mixture of amines was heated with acetic anhydride and one drop of concentrated 
sulphuric acid, and poured into water; the mixed acetyl derivatives separated as an oil which 
soon solidified to a paste, which was pressed on a porous tile. The mixture of o- and p-acetamido- 
n-propylbenzenes (7 g.) was added slowly to nitric acid (70 c.c., d@ 1-5) cooled to —5°. The 
mixture was kept at 0° for 35 minutes and poured on ice. The well-washed precipitate was 
hydrolysed with 50% sulphuric acid, and the amino-group removed from the product by diazo- 
tisation in boiling alcohol, as previously described. The dinitro-compound was but slowly 
volatile in steam, and the distillation was carried on for 36 hours. The distillate was extracted 
with ether. The solid from the ether contained some dinitro-amine, which was removed by 
warming with concentrated nitric acid, dilution, solution in ether, and washing with dilute 
sodium hydroxide solution. The ether on evaporation gave 3: 5-dinitro-n-propylbenzene, 
which crystallised from light petroleum in pale yellow prisms, m. p. 51° (Found: N, 13-5. 
CyH,,0,N, requires N, 13-3%). On oxidation with potassium dichromate and 50% sulphuric 
acid the compound gave 3 : 5-dinitrobenzoic acid. 

m-Nitro-n-propylbenzene.—A mixture (7 g.) of o- and p-acetamido-n-propylbenzenes (Found : 
C, 65-1; H, 6-7. Calc. for mononitro-compound: C, 65-5; H, 6-6%) was added slowly to 
an ice-cold mixture of nitric acid (7 c.c., d 1-5) and glacial acetic acid (7 c.c.), and kept for an 
hour at 0°. When the whole was poured on ice, a mixture of a brown and a yellow crystalline 
solid was obtained, which was hydrolysed with 50% sulphuric acid, and the amino-group 
removed as in the preparation of o-nitropropylbenzene. The steam distillate was extracted 
with ether, and the extract after drying and removal of solvent was distilled under reduced 
pressure, m-nitro-n-propylbenzene being obtained as a yellow liquid, b. p. 136°/16 mm. (Found : 
N, 8-2. C,H,,0O,N requires N, 8-5%). Oxidation with potassium dichromate and sulphuric 
acid gave m-nitrobenzoic acid. 

Di- and Tri-nitration of n-Propylbenzene.—n-Propylbenzene was dinitrated as described 
under the preparation of o-nitropropylbenzene. The product (b. p. 173°/11 mm.) was not pure 
(Found : N, 14-3. Calc. for dinitro-compound : N, 13-3%). Oxidation, however, with chromic 
acid in concentrated sulphuric acid (Curtius and Bollenbach, J. pr. Chem., 1907, 76, 287) gave 
2: 4-dinitrobenzoic acid. Further nitration of the above material, b. p. 173°, with fuming 
nitric acid and fuming sulphuric acid at 100° gave a product completely soluble in water, from 
which only 2: 4-dinitrobenzoic acid could be isolated. Replacing the fuming sulphuric acid 
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by acid of d 1-8 still gave 2: 4-dinitrobenzoic acid. Nitration of 2: 4-dinitropropylbenzene 
(14 g.) with a mixture of nitric acid (14 c.c., d 1-5) and sulphuric acid (44 c.c., d 1-8) for 3 hours 
at 70—80°, separation, and washing with water and alkali gave a product which, on reduction 
with ammonium sulphide by the method used for 2: 4-dinitropropylbenzene and prolonged 
fractional crystallisation of the mixture, yielded about 3 g. of 2-nitro-4-amino-n-propylbenzene 
and a small quantity of a brown crystalline solid, m. p. 162°, which was probably 2 : 6-diniiro- 
4-amino-n-propylbenzene (Found: C, 48-1; H, 5-1; N, 18-8. C,H,,O,N, requires C, 48-0; 
H, 4:9; N, 18-7%). Insufficient was obtained for further investigation, but the formation of 
this compound suggests that partial trinitration had occurred. The possibility that this product 
was formed from a compound in which side-chain nitration had occurred seems unlikely, as any 
dinitrophenylnitropropane would have been removed during the washing of the nitro-compound 
with sodium hydroxide solution before reduction. 


UNIVERSITY COLLEGE, LONDON. [Received, November 28th, 1933.} 





33. Syntheses of Polycyclic Compounds Related to the Sterols, 
Part II. Diels’s Hydrocarbon C,,H,. 


By S. H. Harper, G. A. R. Kon, and F. C. J. Ruzicka. 


In Part I (J., 1933, 1084) it was pointed out that synthetic 1 : 2-cyclopentenophenanthrene 
does not depress the melting point of Diels’s hydrocarbon which results from the dehydro- 
genation of cholesterol and other cholane derivatives. The melting points of several of 
the derivatives, however, show considerable differences, and the crystallographic measure- 
ments of Bernal and Crowfoot (Chem. and Ind., 1933, 52, 729) finally establish that the 
two hydrocarbons cannot be identical. Of the methyleyclopentenophenanthrenes, the 
4’- and the 5’-compound have been prepared by L. Ruzicka, Ehmann, Goldberg, and 
Hosli (Helv. Chim. Acta, 1933, 16, 833) and found to differ from Diels’s compound. The 
migration of the methyl group which is assumed to take place in the dehydrogenation of 
cholesterol could also lead to the 3- or the 3’-compound (I and II) : 
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Bergmann and Saiates as ae latter (Ber., 1933, 66, 1302), but were unable 
to settle the question of its identity. We have therefore repeated their preparation and, 
because of its laborious nature, have also devised a simpler method. 

Before the appearance of Bergmann and Hillemann’s paper we had attempted to 
obtain the desired compound by adapting the method of Bogert (Science, 1933, 77, 289), 
subsequently used by Cook and Hewett (J., 1933, 1099)* ; Bardhan and Sengupta’s method 
(J., 1932, 2520), which was employed in Part I, although affording clear proof of the struc- 
ture of the products, fails in the present instance because the initial material, ethyl 3- 
methyleyclopentanone-2-carboxylate, is not known. 

2-Methylcyclopentanone reacted with §-(«-naphthyl)ethylmagnesium bromide, giving 
the carbinol (III), which was dehydrated with phosphoric oxide in the hope that cyclisation 
would yield the hydrocarbon (IV), from which (II) could be obtained on dehydrogenation. 
The hydrocarbon, however, yielded cyclopentenophenanthrene, the formation of which 
supports the reaction mechanism, suggested by Bogert (/oc. cit.), involving the intermediate 
formation of an unsaturated hydrocarbon (such a hydrocarbon was, in fact, described in Part 
I, Joc. cit.). The elimination of water from the carbinol (III) would normally be expected 


* The preparation of Sp perigee rg serra as described below was completed during July, 


1933, before the appearance of Cook and Hewett’s paper. 
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to give the compound (V), and this can only cyclise to give (VI). The compound (VI) 
has also been obtained by the process described in Part I, namely, by the dehydration 
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of the tertiary alcohol (VII) P ethes from the action of methylmagnesium iodide on 2-f- 
(a-naphthyl)ethyleyclopentanone. The /Aydrocarbon (VI) readily loses the methyl group 
and gives cyclopentenophenanthrene in good yield; the formation of the by-product, 
m. p. 182—183°, was not observed on this occasion. 

To overcome this difficulty, 2 : 5-dimethyleyclopentanone was employed in the above 
reaction. The alcohol (VIII) was dehydrated to the hydrocarbon (IX), and this gave the 
required compound (II) on dehydrogenation. 
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3'-Methyl-1 : 2-cyclopentenophenanthrene and its picrate, trinitrobenzene compound, and 
trinitrotoluene compound are identical in appearance and m. p. with the corresponding com- 
pounds prepared from cholesterol ; we are particularly indebted to Mr. J. D. Bernal for the 
loan of two specially purified samples of Diels’s hydrocarbon, with which the comparison was 
carried out. The melting points of mixtures of the synthetic compounds with the relevant 
derivatives of Diels’s hydrocarbon are identical with those of the pure compounds, but no 
great weight is attached to this observation because the method of mixed melting points is 
known to be unreliable in this series of compounds. As a matter of fact, the melting 
points of our new compounds are not depressed in admixture with the appropriate com- 
pounds of cyclopentenophenanthrene. 

Dr. R. K. Callow and Mr. F. A. Askew, of the National Institute for Medical Research, 
have kindly measured the ultra-violet absorption spectra of the new hydrocarbon, of the 
two pure samples of Diels’s hydrocarbon (one prepared from cholesterol, the other from 
ergosterol), and of cyclopentenophenanthrene, by the method of Philpot and Schuster 
(Medical Research Council Special Report Series, No. 177, 1933). These are shown in 
Figs. 1 and 2 in terms of log e/c, where ¢ = 1/d. logy9Z9/I — eg and c is the concentration 
in grams per litre. The agreement between the curves in Fig. 1 is good; there are, how- 
ever, minor differences of approximately the same order as those existing between the two 
samples of Diels’s hydrocarbon. 

Finally, crystallographic measurements have been carried out by Mr. J. D. Bernal, 
who finds that the synthetic material agrees with Diels’s preparation within the limits of 
experimental error; his results are embodied in a note which will be published shortly. 

Thus there appears to be little doubt that Diels’s hydrocarbon is identical with our 
synthetic material; and that its structure is correctly represented by the formula (I), 
unless some unforeseen and profound change takes place in the final dehydrogenation of 
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the hydrocarbon (IX). It is proposed to confirm this conclusion by the preparation of 
the nitro-compound C,,H,,0,N (Diels, Gadke, and K6rding, Annalen, 1927, 459, 1) as soon 
as a sufficient quantity of the synthetic hydrocarbon has been accumulated. 

The substance prepared by Bergmann and Hillemann’s method, on the other hand, 
shows several points of distinction from our synthetic material; it crystallises in needles, 
not plates, and the higher melting point of the picrate cannot be neglected even though 
the picrates of this series of compounds are unstable and difficult to obtain pure for this 
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cycloPentenophenanthrene. C,3H,, from ergosterol. 
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reason. The trinitrotoluene derivative also melts a few degrees high. At the same time, 
Mr. Bernal’s measurements show no essential difference between the two preparations ; 
we therefore prefer to reserve judgment until a larger quantity of Bergmann and Hillemann’s 
compound has been prepared. 

The mechanism by which the compound C,,H,, is formed from cholane derivatives is 
still obscure and a discussion of it is reserved until further experiments bearing on the 
matter have been completed. 

EXPERIMENTAL. 

2-Methyl-1-8-(a-naphthyl)ethylcyclopentanol (III).—To an ice-cold Grignard solution pre- 
pared from 90 g. of 8-(a-naphthyl)ethyl bromide and 9 g. of magnesium (activated by iodine), 
43 g. of 2-methylcyclopentanone were added drop by drop with mechanical stirring, the mixture 
was finally warmed for } hour, and ice and acetic acid added. The ethereal extract, dried 
over potassium carbonate, gave 24-4 g. of the desired alcohol, b. p. about 190°/3 mm., asa 
colourless, very viscous liquid (Found: C, 84-9; H, 8-5. C,,H,,O requires C, 85-0; H, 8-7%). 
There was also a fraction, b. p. about 240°/3 mm., which solidified and had m. p. 102° after 
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several crystallisations from benzene; it was evidently «8-di-(a-naphthyl)butane (Found: C, 
92-6; H, 7-3. C,,Hg, requires C, 92-8; H, 7-2%); the dipicrate had m. p. 174°, the bis-s- 
trinitrobenzene compound m. p. 187°, and the bistrinitrotoluene compound m. p. 131° (Found : 
C, 59-6; H, 4-4. C,,H;,0,.N, requires C, 59-5; H, 42%). 

1-Methyl-1 : 2-cyclopentano-1 : 2 : 3 : 4-tetrahydrophenanthrene (VI).—24 G. of the alcohol 
(III) were heated for 40 minutes with 40 g. of phosphoric oxide at about 140° under reduced 
pressure. The cooled mixture was treated with ice, and the hydrocarbon isolated by means 
of ether and distilled, finally over sodium; b. p. 155°/0-4 mm., dii* 1-04552, mp 1-61363, [Rz]p 
78-68. It was a colourless viscous liquid with a fine blue fluorescence; it still contained some 
unsaturated material, as it decolorised bromine in chloroform solution to some extent; this 
no doubt accounts for the somewhat high molecular refraction observed (Found: C, 91-2; 
H, 8-5. C, Hg. requires C, 91-5; H, 8-5%). 

Dehydrogenation. This was carried out as described in Part I (loc. cit.); the product was 
readily isolated and after distillation proved to be almost pure cyclopentenophenanthrene; the 
pure compound was obtained from it by repeated crystallisation from alcohol (charcoal) (Found : 
C, 93-3, 93-5; H, 6-4, 6-7. Calc.: C, 93-6; H, 64%). The picrate (Found: C, 61-8, 61-9; 
H, 3-9, 3-9. Calc.: C, 61-7; H, 38%) and the trinitrobenzene compound (Found: C, 64:3, 
64-4; H, 4-1, 4-1. Calc.: C, 64-0; H, 4-0%) were also prepared and compared with genuine 
specimens. 

1- Methyl-2-8-(a-naphthyl)ethylcyclopentanol (VII).—2-8-(«-Naphthyl)ethylcyclopentanone 
(16-5 g.) was treated with an excess of methylmagnesium iodide in ether, and the product 
isolated as above. It was shaken with semicarbazide acetate solution to remove unchanged 
ketone and, being indistillable owing to excessive frothing, was used for the preparation of the 
hydrocarbon. This was purified as before and had b. p. 154°/0-3 mm., di!* 1-06338, mp 1-61991, 
[Rz]p 78-00; it was fully saturated (Found: C, 90-9; H, 8-5%). 

Dehydrogenation. This proceeded exactly as before and gave a good yield of cyclopenteno- 
phenanthrene, which was identified as before; the ¢rinitrotoluene compound formed fine yellow 
needles, m. p. 102° (Found : C, 64-7; H, 4-4. C,,H,0,N; requires C, 64-7; H, 43%) (compare 
L. Ruzicka, Goldberg, Ehmann, and Hosli, Joc. cit.). 

2 : 5-Dimethyicyclopentanone.—The ketone was prepared by the method of Haller and 
Cornubert (Compt. rend., 1924, 179, 315); we find that the semicarbazone melts at 190—191°. 

2 : 5-Dimethyl-1-8-(«-naphthyl)ethylcyclopentanol (VIII).—This was prepared from the above 
ketone (40 g.) exactly as in the case of the lower homologue, 31 g. of the alcohol being collected 
at 190—195°/0-2 mm. (Found: C, 85-0; H, 9-3. C,,H,,O requires C, 85-1; H, 9-0%). 

1 : 3’-Dimethyl-1 : 2-cyclopentano-1 : 2 : 3 : 4-tetrahydrophenanthrene (IX).—The dehydration 
of the alcohol was carried out as described above, giving a good yield of the hydrocarbon, 
a colourless viscous liquid with a blue fluorescence. On redistillation over sodium, a small 
low fraction containing unsaturated material was collected separately; the main body had 
b. p. 160°/0-4 mm., diS* 1-04203, np 1-60681, [R,]p 82-89, and was saturated (Found: C, 91-4; 
H, 9-0. Cy, ,H,, requires C, 91-1; H, 8-9%). 

Dehydrogenation. 18-5 G. of the above hydrocarbon were heated with selenium as before ; 
the product gave on distillation 10 g. of a solid hydrocarbon mixture. This was recrystallised 
from alcohol (charcoal) and converted into the trinitrobenzene derivative, which was recrystallised 
from alcohol until the melting point was constant (145—146°) (Found: C, 64:7; H, 4:5. 
Cy4H gO,N, requires C, 64-7; H, 43%). The hydrocarbon (II) was regenerated from a boiling 
alcoholic solution of this by addition of an excess of stannous chloride in hydrochloric acid, 
boiling for a short time, addition of water, and extraction with ether (Cook and Hewett, Joc. 
cit.). After repeated crystallisation from alcohol it melted at 125—126° (Found: C, 93-1; 
H, 68. C,,H,, requires C, 93-1; H, 6-9%). The picrate formed flattened brownish-orange 
needles with a coppery reflex, m. p. 118—119° (Found : C, 63-1; H, 4-1. C,,H,,0,N; requires 
C, 62-5; H, 41%); the compound is readily split into its components on repeated crystallis- 
ation. The ¢rinitrotoluene compound formed characteristic, pale yellow, flattened needles 
with a greenish tinge, m. p. 93° (Found: C, 65-2; H, 4-6. C,,H,,O,N, requires C, 64-7; H, 
4-3%). 

A second hydrocarbon was present in the original dehydrogenation product in small amount, 
but we have not yet obtained it pure; it is characterised by its relatively sparing solubility in 
light petroleum and melts at 230° (Found: C, 93-3; H, 6-1. C,,H,, requires C, 93-9; H, 
6-1%). It forms a scarlet picrate, needles, m. p. 134—135°; the amount available did not 
permit final purification (Found: C, 50-4; H, 3-0%). 

Hydrocarbon C,,H,,_ prepared by Bergmann and Hillemann.—The preparation was carried 
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out exactly as described (loc. cit.); great difficulty was experienced in the reduction of the 
unsaturated ester. The hydrocarbon differed in properties from that described above; thus, 
it would not crystallise from alcohol at first, and acetic acid, the solvent recommended by 
Bergmann and Hillemann, had to be employed. Solutions of this hydrocarbon in all solvents 
became cloudy before crystallisation began; when pure, the compound formed small needles, 
m. p. 125° (Found: C, 92-8; H, 6-9. Calc.: C, 93-1; H, 7-°0%). The trinitrobenzene com- 
pound had m. p. 147—148°, and the trinitrotoluene compound, 96—97°. 


The authors’ thanks are due to the Royal Society for a grant and to Dr. O. Rosenheim for 
the loan of specimens, 
IMPERIAL COLLEGE, LonpDon, S.W. 7. [Received, November 30th, 1933.] 





34. The Valency Angle of Sulphur. 
By G. M. Bennett and S. GLASSTONE. 


THE values which have recently been ascribed to the valency angles of sulphur and oxygen 
are remarkably divergent. The simplest stereochemical assumption would be that the 
tetrahedral angle (109-5°) is normal, but figures have been put forward such as 62° and 66° 
(Hund, Physikal. Z., 1925, 31, 81) and 90° (Pauling, J. Amer. Chem. Soc., 1931, 53, 
1367); and studies of the dipole moments of aromatic sulphur compounds and their 
substituted derivatives have led to values in the thiocyanates (Hunter and Partington, 
J., 1932, 2812) of 120° and in the sulphides of 142° (Bergmann, Engel, and Sandor, Z. 
phystkal. Chem., 1930, B, 10, 397), 146° (Smyth and Walls, J. Amer. Chem. Soc., 1932, 54, 
3230), and 118° + 8° (Hampson, Sutton, and Farmer, Proc. Roy. Soc., 1933, A, 148, 147). 
The derivation of valency angles from dipole moment data has recently been critically 
examined by Hampson and Sutton (Proc. Roy. Soc., 1933, B, 140, 562), who regard the 
method as generally trustworthy. We are unable to accept this view and propose to discuss 
this question in detail in the near future. 

In view of the consequent uncertainty, we wish to direct attention to a piece of available 
evidence the significance of which appears to have been overlooked. This is derived from 
the observation that thianthrene has a dipole moment of 1-7 x 10-8 unit in benzene solution 
(Bergmann and Tschudnowsky, Ber., 1932, 65, 457). As this result was unexpected and 
of considerable importance, we thought it desirable to confirm it experimentally and to 
eliminate the possibility that the observed polarisation might have been due to some 
influence of the solvent or to atom polarisation. The value 1-50 x 10-'%e.s.u. has now been 
found for solutions of the substance in both carbon disulphide and carbon tetrachloride 
(compare Smyth and Walls, J. Chem. Phys., 1933, 1, 337, who give the value 1-41 x 10-% 
e.s.u.); and measurements at two temperatures indicate that the atom polarisation is 
negligible. 

There can therefore be no doubt that thianthrene has a real dipole moment and must 
have a non-planar configuration. This was suggested by Bergmann and Tschudnowsky, 
but a more precise definition of the spatial arrangement is necessary. In view of the 
results of precise X-ray investigations of aromatic compounds (Lonsdale, Trans. Faraday 
Soc., 1929, 25, 356; Proc. Roy. Soc., 1931, A, 188, 536; Robertson, Proc. Roy. Soc., 1933, 
A, 141, 79, 594; Pickett, ibid., 142, 333), it is reasonable to assume that each aromatic 
nucleus and its directly attached atoms have a strong tendency to remain in a single plane. 
The non-planar configuration of the whole thianthrene molecule should consequently be 
one in which the molecule is bent across the middle of the central (heterocyclic) ring as 
shown in the adjacent figure. The two halves of the molecule lie in two inclined planes, 
the line of their intersection being that joining the two sulphur atoms in space. At the 
same time the molecule must be flexible about the middle line to some extent, for an 
entirely rigid configuration of the type depicted should lead to a number of additional 
stereoisomerides among the derivatives of thianthrene, whereas a careful study of the 
sulphoxides of several thianthrenes in this laboratory (shortly to be described) has given 
no evidence of this. 
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Consideration of this arrangement shows that it cannot arise in consequence of any 
tendency for the valency angle of the sulphur atoms to exceed 120°. A large angle of 140° 
or more would inevitably favour a completely planar structure of the molecule. The 
non-planar configuration appears to be a definite indication of a tendency for the valency 
bonds of sulphur to adopt an angle of less than 120°. This conclusion has been found, on 
further examination, to be in no way weakened by any possible influence of the different 
diameters of the sulphur and the carbon atom, nor by the deviation from exactly radial 
directions of the outer valencies of a benzene nucleus demonstrated by Mills and Nixon 
(J., 1930, 2510). 

In the latter connexion the capacity of the benzene nucleus to adjust itself in such 
a way as to cause the angle 6 to be either larger or smaller than 120° may be regarded 
as a buffer mechanism which should render any 
particular sulphur valency-angle less likely to cause 
a departure from the planar configuration than 
would be the casein its absence. That an attached 
six-membered ring may impose the larger nuclear 
angle @ was shown by Mills and Nixon for tetra- 
hydronaphthalene. Apart from the stereochemical “ 
factors there is also the ‘‘ chemical’”’ or polar effect 
of the sulphur atoms to be considered. Of this 
we have no certain knowledge, but it seems prob- 
able that the well-known divergence of the dipole moments of o-disubstituted derivatives 
of benzene from the values calculated by vectorial addition is due, at least in part, to an 
actual angular outward deflexion of these two atoms or groups. Any such effect should 
tend to cause a separation of the sulphur atoms of thianthrene and would again lead to an 
angle @ larger than 120°. Such a conclusion serves to strengthen our deduction as to the 
valency angle of sulphur. 

EXPERIMENTAL. 

Measurements of the dielectric constants of solutions of thianthrene in carbon tetrachloride 
and carbon disulphide were made by the heterodyne beat method in an apparatus which will 
be described in a subsequent paper. Observations of the refractive index of the solutions were 
made with a Pulfrich refractometer using sodium light. The data and the calculated polaris- 
ations are given in the table below, where the symbols have their usual significance. 


Se €. d. n. Ps. Px. Paso. 
(In carbon tetrachloride at 24°92°.) 


— 2-230 15880 1°45457 — 
0°004690 2°251 1°5851 1°45706 122-9 
0008644 2-268 1°5828 1°45916 121°1 


whence P?,.4 = 51; w= 1°54 x 107% e.s.u. 


(In carbon disulphide at 24-20°.) 


— 2°633 1-2580 1°62527 —_ 
0°006858 2°652 1-2588 162736 113°9 
0°017099 2°730 1°2595 1°63031 107°0 


whence ws = 46; p= 1°47 x 10-* e.s.u. 


(In carbon disulphide at 0°0°.) 
— 2-703 1:2951 —_ — 
0°007612 2°762 12958 — 120°2 — —_ 
The data for P, at 0° (120) and at 24-2° (114) lead to a value of pu of the order 1:8 x 10-18 
e.s.u. Although this cannot be regarded as an accurate determination of dipole moment, yet 
it serves to show that atom polarisation is not an important factor. 


We thank Dr. G. D. Reynolds for his assistance in the experimental work, 
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35. Studies in Stereochemical Structure. Part VI. The Isomeric 
(—)Menthyl a-Naphthylglycollates. 


By RoBERT ROGER and EVELYN R. L. Gow. 


THE dispersion of the (—)menthyl mandelates has been described by one of us (Roger, 
J., 1932, 2168), who also found that the superposition of the slightly complex dispersion 
of (—)menthy] (—)mandelate on the anomalous dispersion of the (—)menthyl (+)mandelate 
reproduced the simple dispersion of (—)menthyl r-mandelate. The connexion between 
optical superposition and the fact that (—)menthyl r-mandelate could not be resolved by 
crystallisation was discussed at the time. Meanwhile, McKenzie and Gow (J., 1933, 32) 
have shown that the diastereoisomeric constituents of (—)menthy] dl/-a-naphthylglycollate 
can be separated either by crystallisation or distillation, and an examination of the dis- 
persions of the isomeric (—)menthyl a-naphthylglycollates described by these authors 
offered a chance of investigating the question already dealt with in the case of the man- 
delates. Moreover, McKenzie and Gow have shown that there is a definite difference 
between the derivatives of the optically active a-naphthylglycollic acids and the mandelic 
acids as regards racemisation and other phenomena. 

The following results have now been obtained. 

(—)a-Naphthylglycollic Acid.—This acid is much more levorotatory than (—)mandelic 
acid in acetone. It exhibits a greater variance with solvent and a similar temperature 
effect to mandelic acid. The Rupe criteria (see Table I) for the two acids were very similar 
and the dispersion is very like that of mandelic acid, 7.e., normal and slightly complex. 

(—)Menthyl (—)«-Naphthylglycollate—The rotatory power of solutions of this ester 
varied somewhat with solvent but not with temperature. Concentration had a slight 
effect in carbon disulphide and in benzene solution. One-term Drude equations expressed 
the dispersions between 16563 and 24358. The Rupe criteria (see Table I) were similar 
to those of (—)menthyl (—)mandelate except that the values for the alcoholic solutions 
did not depart markedly from those for the other solutions. The dispersion is normal 
but slightly complex. 

(—)Menthyl (+-)«-Naphthylglycollate-—The rotatory powers (always +-) varied markedly 
with solvent and were also affected by temperature and concentration. One-term Drude 
equations did not express the dispersions, and the Rupe criteria (see Table I) for the 
(—)menthy] (+-)«-naphthylglycollate showed a certain regularity that was entirely lacking 
in the corresponding mandelate. The dispersion is definitely complex (much more so 
than that of its diastereoisomeride) but normal, whilst that of (—)menthyl (+-)mandelate 
is anomalous. The “ totale intramolekulare Anomalie ”’ of Tschugaev is, therefore, not 
realised in the visible spectrum in this case (cf. Rupe and Kagi, Aunalen, 1920, 420, 33). 

(—)Menthyl dl-«-Naphthylglycollate—This compound was obtained by McKenzie and 
Gow (loc. cit.) as a low-melting solid (m. p. 38-5—39-5°) after standing for several weeks. 
It cannot be purified, however, by distillation or crystallisation, for both these operations 
cause separation into the constituent diastereoisomerides. With the unpurified ester, 
the coloured solutions made accurate readings impossible for the blue and violet lines. 
Samples of the crude ester were therefore dissolved in dry ether, and treated with animal 
charcoal for 2 minutes, 2 hours, and 2 weeks. The dispersions of each of these samples 
were determined, and although values for the longer wave-lengths did not alter much, yet 
those for 14358 were much improved after 2 weeks, and the dispersion was almost simple 
and normal, and agreed with the values found by superposition of the rotatory powers 
of the diastereoisomerides. Whilst the rotatory powers in acetone, chloroform, and alcohol 
did not vary greatly, that in carbon disulphide showed a depression. This was also shown 
in the Rupe criteria. The dispersion may be regarded as normal and almost simple, and 
is similar to that of (—)menthyl r-mandelate. 

The dispersions of (—)menthyl (+-)«-naphthylglycollate and (—)menthyl (+-)mandelate 
also form an interesting contrast with the (—)menthy]l esters of benzoyl- and a-naphthoyl- 
formic acid. (—)Menthyl «-naphthoylformate showed anomalous dispersion, whilst the 
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TABLE I. 
Dispersion criteria for (—)a-naphthylglycollic acid and (—)menthyl a-naphthylglycollates. 


Solvent. 2. Aa: P.R.D. . Aa- P.R.D. 
(—) Acid. (—)Ester. 
628 155 0°05200 642 146 
— —_ —_ 0°05666 633 151 
0°05792 633 152 0°05720 633 151 
— —_— _— 0-06099 629 155 
0-06005 630 154 0°05551 636 150 
0°05332 637 147 — — -— 
(+)Ester. di-Ester. 


550 197 0-03038 676 118 
541 199 0°02230 687 103 
563 190 0-02581 682 110 
575 188 * 001924 690 96 
566 188 0°02978 679 117 


* The ester used in the carbon disulphide solution was decolorised for 2 weeks, that used in the 
other solvents for 2 hours. 


benzoylformate had only a normal and complex dispersion (Roger and Ritchie, Biochem. 
Z., 1932, 253, 240), 7.e., the relative effects of the phenyl and the «-naphthyl group are 
reversed in the two sets of compounds. 

The rotatory power of (—)menthyl dl-a-naphthylglycollate can be calculated from 
the values of the diastereoisomerides, and agrees with that determined experimentally for 
the ester itself. The values from an equimolar solution of the diastereoisomerides also 
agreed, as did those when separate equimolar solutions were superimposed in the polari- 
meter, é.g., in carbon disulphide (see Table II). It will be seen, therefore, that the Rupe 
criteria obtained by superposition agree remarkably well with those obtained from the dl- 


TABLE II (all rotations negative). 
A 6563. A 6162. A 5893. A 5461. A 5106. A 4861. A 4358. 
35°5° 40°3° 44°4° 52°3° 60°3° 66°7° 84°6° 
40°3 44:4 52°3 60°5 66°9 83°5 
40-2 441 52°0 60°1 66°9 83°8 
40°2 44-2 52°0 60-0 67-0 83-9 
I. Values calculated from the superposition of the diastereoisomerides. 
II. Superposition of equimolar solutions of the diastereoisomerides. 
III. One solution composed of equal amounts of the diastereoisomerides. 
IV. Observed values for (—)menthy] d/-a-naphthylglycollate. 


TABLE III. 
Dispersion criteria calculated from II in Table II. 


Solvent. Pa De P.R.D. Solvent. ri. p P.R.D. 
0:02966 676 117 q 0-02005 692 99 
0°02794 681 114 0-03146 675 120 
0-02735 676 112 


This same superimposability was found with the (—)menthyl mandelates, but there is 
one important difference between the two sets of esters, inasmuch as (—)menthyl dl-a- 
naphthylglycollate can be resolved into its diastereoisomerides by recrystallisation or by 
distillation (McKenzie and Gow, loc. cit.), whilst (—)menthyl r-mandelate is partially 
racemic. This definitely shows that there is no connexion between the optical super- 
position exhibited by these esters and the question whether they are partially racemic com- 
pounds or not. Rupe and Kagi (loc. cit.) obtained perfect superposition with an equimolar 
mixture of their diastereoisomerides, and it was found that the rotatory powers of this 
mixture obeyed a one-term Drude equation. Tschugaev and Glebko (Ber., 1913, 46, 
2752) found the principle to hold in the (—)menthylurethanes of d- and /-tartaric acids 
and meso-tartaric acid, and we find that the rotatory powers of the meso-derivative obey 
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approximately a one-term Drude equation. Patterson and Buchanan (J., 1924, 125, 
2579) have examined the di(—)sec.-octyl dimethoxysuccinates, and find superposition in 
the homogeneous state, but not in o-nitrotoluene. In both circumstances, however, we 
find that one-term Drude equations approximately express the calculated values for the 
i-ester ; for instance (in o-nitrotoluene) : 


[a]. A 6716. A 5790. A 5461. A 4960. 
Calc. from 3(d + 2)  ccccccccccccccccccccscccesccccccsces 3°76° 4°67° 568° 8°46° 
Calc. from [a] = 1°252/(A® -- 0°08984) ............ 3°47 5-09 6:0 8-02 
GE: SER GORE cncccccciibtateddcisckyeniasesdin babes 2°46 3°08 3°37 4°26 


It may so happen, however, that in the homogeneous state the rotatory powers of the 
meso- and r-esters are by chance identical, but it does not follow that they should be 
identical in solution. This question has been examined by Walden (Z. physikal. Chem.., 
1896, 20, 377; cf. Patterson and Patterson, J., 1915, 107, 142) with the amyl tartrates. 
He found no agreement between the meso- and the r-ester, but his experiment is not con- 
clusive. He distilled the r-ester repeatedly, and may have partially separated his product ; 
moreover, the amyl alcohol was not pure. The first of these points is important, since 
the resolution of racemic acid has been effected by borneol and menthol (Wren, Williams, 
and Myddleton, J., 1920, 117, 191; cf. Wren and Still, J., 1917, 111, 513; Wren and 
Hughes, J., 1924, 125, 1739). 

Wood, Such, and Scarf (J., 1926, 1928) also found no superposition with the sec.-butyl 
lactates, but once again we find that a one-term Drude equation approximately fits the 
dispersion of the values calculated from the diastereoisomeric esters, as shown below : 


[a]. \ 6708. A5893. A546]. A486]l. 4358. 
Calin: Riel BOG saarencsinldasnidibsilidbaiccietnis 7°79° 10-06° 11-85° 15°33° 18°91° 
Calc. from [a] = 3°317/(A? — 0°1929) ............ 7:71 10°13 11-89 15°29 19°3 
DU. sspncecheodguiiaacieinniiasaskoeinanadiibaiaiid 6°79 8°47 9°60 11°34 12-9 


Here the dl-sec.-butyl /-lactate might have undergone a partial separation during dis- 
tillation, but the authors showed that this was not so by saponifying their ester, thus 
obtaining an optically inactive alcohol. Hydrolysis of the d-sec.-butyl /-lactate gave a 
pure d-sec.-butyl alcohol. In this case, however, there are no complications arising from 
the existence of a meso- and a racemic form of the acid. The ‘‘ Entfernungsatz’’ (Freuden- 
berg, Ber., 1933, 66, 190) offers an explanation, since in the lactates the asymmetric centre 
of the sec.-butyl alcohol is directly linked to the carboxyl group and is thus comparable 
with the sec.-octyl tartrates where superposition does not hold, although it occurs with 
the amyl tartrates. The (—)menthyl esters of mandelic and «a-naphthylglycollic acid do 
not apparently fall in with the ‘“‘ Entfernungsatz ”’ as here the asymmetric carbinol centre 
is directly united to the carboxyl group (cf. Roger and Ritchie, Joc. cit.). 

The exceptions to the superposition rule are capable of other interpretations. In the 
few cases where data are available we have shown that the dispersion calculated from 
superposition values should be simple or almost simple, a prediction not always fulfilled 
in practice. In cases such as that of the homogeneous d/-sec.-buty]l /-lactate the physical 
state is that of the solution of one compound in another, and solvent effect may have to 
be considered. The dispersion of one diastereoisomeride in solution in the other may be 
so altered by the act of solution that the dispersions of both may no longer be superimposed 
to give a simple dispersion. With the dl-«-naphthylglycollate in solvents, this solution 
effect apparently is not marked. 

On the basis of asymmetric induction, the following configurations are possible for 


(1.) ipigicnctihed i are (II.) Ee 


(+) (I (+) oe. - oe9 


(—)menthy] (+-)«-naphthylglycollate and a solution would probably consist of an equili- 
brium mixture of the two forms. This equilibrium would readily be displaced by alter- 
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ation of physical conditions. Now, if the (+)«-naphthylglycollyl complex has a greater 
dextro-inducing influence than the (+)mandelyl complex, then there should be a definite 
preponderance of one of the forms under all conditions. It would appear that in chloro- 
form solutions of (—)menthyl (+)mandelate the contributions of the separate centres 
(real and induced) to the optical activity of the molecule balance one another under certain 
conditions of wave-length and temperature. On the other hand, solutions of esters of 
the type under consideration may be homogeneous, and the phenomena described may 
depend on the extent to which induction of the carbonyl groups takes place. This group 
in any of these compounds may be capable of exhibiting a ‘‘ maximum ”’ induction, but 
under conditions of examination it may seldom be able to attain this ‘‘ maximum ”’ and 
therefore is only “ partially” induced. The extent of the contribution of this induced 
centre to the optical activity of such esters will, therefore, vary and be influenced by 
physical conditions and by the variation of R in the R-CH(OH) complex (cf. work of W. 
Kuhn on the “ Vizinalregel,’’ Hand- und Jahrbuch der chemischen Physik, 1932, 8, III, 
121). 
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EXPERIMENTAL. 
(—)a-Naphthylglycollic Acid. (All rotations are negative.) 
(1) In acetone (c = 3-2375, / = 2, ¢ = 20°); [a] = 53-77/(a? — 0-06096). 


26563. 26162. 25893. 25461. 25106. 24861. 4358. 
GE. wecessseenss 145-8° 168-7° 187-4° 226-4° 269-6° 306-8° 416-2° 
IEE GEIB. esnncscscers 145-5 168-8 187-8 226-8 269-3 306-8 416-9 


(2) In chloroform * (c = 0-9805, / = 2, t = 3-5°). 


Oe ines 166-7 190-7 2126 2540 303-4 3493 a 
Same solution, ¢ = 20°; [a] = 59-43/(22 — 0-05792). 

GR, senssanepens 161-2 183-5 204-5 246-8 292-7 334-5 452-3 

HEE GREE. ecccceccsece 159-4 184-8 205-3 247-4 293-1 333-2 450-0 


Same solution, ¢ = 35°. 


CL eee reer 149-4 171-3 191-7 231-5 272-9 313-0 — 


(3) In ethyl alcohol (c = 2-779, 7 = 2, t = 0°). 


[all GBR. ; sansevcccces 154-5 177-6 197-9 239-6 283-9 323-2 —_— 
Same solution, ¢ = 20°; [a] = 53-41/(22 — 0-06005). 

BR GEM, * actavesatens 144-0 166-6 186-7 224-4 266-7 302-6 411-8 

felt CREB. cocecccevecs 144-1 167-1 186-0 224-3 266-3 303-1 411-1 


Same solution, ¢ = 38°. 
_ 7 Pea 137-1 160-5 177-4 211-9 253-5 287-2 — 
(4) In water * (c = 1-195, / = 2, ¢ = 20°); [a] = 45-66/(A2 — 0-05332). 
[a] ORR. coccancoues 120-9 138-9 156-5 185-8 220-1 250-6 336-4 
[GD GREG. . coacescacess 121-0 139-9 155-3 186-5 220-2 249-6 334-4 
(+)a-Naphthylglycollic Acid. (All rotations are positive.) 
(1) In ethyl alcohol (¢c = 2-804, ] = 2, ¢ = 20°); [a] = 52-91/(22 — 0-06302). 


Cf Sarena 144-2 166-5 186-3 225-4 268-0 304-5 414-8 
[a] calc. ...........5 143-9 167-0 186-1 225-0 267-7 305-4 417-0 


* The optically active forms of this acid are not readily soluble in chloroform or water. 





134 Roger and Gow: 


(—)Menthyl (—)a-Naphthyiglycollate. (All rotations are negative.) 
(1) In acetone (c = 2-525, / = 2, ¢ = 1°). 
26563. 26162. 25893. 25461. 25106. A4861. A 4358. 
— 129-4° 155-0° — 206-6° 275-0° 
Same solution, ¢ = 21°; [a] = 36-85/(a2 — 0-05373). 


98-0 112-7 125-7 150-5 178-2 202-2 
97-7 113-1 125-5 150-8 178-0 201-8 


Same solution, ¢ = 40°, 
— 128-7 155-6 207-7 
The concentration effect in this solvent was negligible : 
c = 10-123, 7 = 1, ¢ = 20°, asg43 = —12-78°, [a] 5993 = —126-3°. 
(2) In benzene (c = 1-8065, / = 2, ¢ = 21°); [a] = 33-13/(a? — 0-05588). 


88-8 102-1 113-4 137-0 162-4 
88-4 102-3 113-7 136-8 161-7 


The concentration effect was much more evident in this solvent : 
c = 10-102, / = 1, ¢ = 20°, [a] = 34-46/(a.2 — 0-05666). 


[a] obs. 92-39 106-5 118-5 142-3 168-9 192-4 
92-12 106-7 118-7 142-8 169-0 191-9 


(3) In chloroform (c = 2-4595, 1 = 2, t = 21°); [a] = 40-23/(a2 — 0-05776). 


107-7 125-6 139-8 167-9 199-2 225.6 
107.8 124-9 139-1 167-3 198-3 225-4 


Same solution, ¢ = 55°. 
119-1 135-3 161-0 193-1 221-1 
There was no temperature effect at —13° and 0°: [a];/3° —140-2°, [a]$., —140-2°. 
Same solvent (c = 8-562, ] = 1, ¢ = 20°); [a] = 41-21/(a® — 0-0572). 


110-4 127-6 142-0 170-8 202-5 230-4 310-3 
110-4 127-7 142-1 171-0 202-5 230-1 310-6 


There is, therefore, a small concentration effect in this solvent. 
(4) In carbon disulphide (c = 1-687, / = 2, ¢ = 0°). 
121-0 141-1 157-1 190-9 227-4 258-1 
Same solution, ¢ = 20°; [a] = 45-82/(a? — 0-05388). 


121-3 140-5 156-8 188-6 220-9 250-8 338-8 
121-6 140-6 156-2 187-6 221-6 251-2 337-0 


Same solvent (c = 10-7, 7 = 1, ¢ = 20°); [a] = 43-64/(22 — 0-06099). 


118-4 136-5 152-5 184-0 218-5 249-0 339-0 
118-0 137-0 152-4 184-0 218-5 249-0 338-6 


In this case the temperature does not influence the rotation, whereas increase of concen- 
tration causes a noticeable diminution in rotatory power. 


(5) In ethyl alcohol (c = 10-675, ? = 1, t = 20°); [a] = 42-65/(a2 — 0-05551). 


114-0 131-1 146-2 175-6 207-8 236-2 316-6 
114-0 131-6 146-2 175-8 207-8 235-9 317-4 





Studies in Stereochemical Structure. Part VI. 


(—)Menthyl (+)a-Naphthylglycollate. (All rotations are positive.) 
(1) In acetone (c = 3-622, ] = 2, ¢ = 20°). 


; 26563. 26162. 125893. 15461. 125106. A 4861. 
17-0° 19-9° 25-3° 32-9° 39-8° 


Same solvent (c = 10-0505, 7 = 2, ¢ = 21°). 
15-0 17-7 20-7 26-9 34-3 40-8 
(2) In benzene (c = 10-2885, / = 2, ¢ = 20°). 
14-8 17-9 20-9 27-5 35-3 42-8 
Same solution, ¢ = 35°. 
19-6 22-9 29-6 37-9 45-9 
(3) In chloroform (c = 10-244, / = 2, ¢ = 1°). 
29-4 33-5 42-5 53-2 63-0 
Same solution, ¢ = 20°. 
30-0 34-6 44-0 55-0 65-0 
(4) In carbon disulphide (¢ = 10-261, / = 2, ¢ = 1°). 
58-4 66-8 83-5 103-1 121-2 
Same solution, ¢ = 20°. 
63-8 ° 98-0 
Same solution, ¢ = 31°. 
54:5 62-4 ° 95-7 
(5) In ethyl alcohol (c = 10-2865, / = 2, ¢ = 0°). 
30-0 34-2 . 53-6 
Same solution, ¢ = 21°. 
28-7 33-2 41-9 52-1 
Same solution, ¢ = 39°. 


27-8 32-3 40-5 50-8 59-3 


(—)Menthyl dl-a-Naphthyiglycollate. (All rotations are negative.) 


After two minutes’ decolorisation with animal charcoal (see p. 130); solutions 
coloured : 


(1) In acetone (c = 3-3685, / = 2, ¢ = 21°); [a] = 16-82/(a2 — 0-0292). 


47-9 52-8 62-7 72-7 
48-0 52-9 62-5 72-7 


2) In benzene (c = 3-5135, / = 2), a2, —3-34°, [a]24, —47-5°. 

3) In chloroform (c = 3-2885, / = 2), «2%, —3-51°, [«]%, —53-4°. 

4) In carbon disulphide (c = 2-93, 7 = 2), a3, —2-66°, [a]2), —45-4°. 
5) In ethyl alcohol (c = 3-33, / = 2), a2, —3-83°, [a]2, —57-5°. 


( 
( 
( 
( 


After 2 hours’ decolorisation; solutions practically colourless : 
(1) In acetone (c = 3-52, / = 2, ¢ = 20°); [a] = 16-75/(a? — 0-03038). 


42-1 48-0 52-6 62-9 72-4 
41-8 48-0 52-9 62-6 72-7 


A 4358. 
61-3° 


60-9 


still slightly 
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(2) In benzene (c = 4-1415, 1 = 2, t = 20°); [a] = 15-83/(a2 — 0-0223). 


A 6563. 126162. 25893. A5461. A5106. A486]. A 4358. 
44-3° 48-8° 57-5° 66-3° 74-0° 91-6° 
44-3 48-7 57-4 66-4 74:0 94:5 


(3) In chloroform (c = 3-6115, / = 2, ¢ = 20°); [a] = 17-6/(a2 — 0-02581). 


[a] obs. 50-0 54-7 64-8 75-0 83-3 102-6 
[a] calc. 49-7 54-8 64-6 74-9 83-6 107-3 


(4) In carbon disulphide (c = 3-3195, / = 2, ¢ = 20°); [a] = 14-15/(a? — 0-03265). 


[a] obs. 35-3 41-1 45-0 53-8 61-9 69-1 
[a] calc. .....seeeees 35-6 40-8 45-0 53-3 62-1 69-5 


(5) In ethyl alcohol (c = 3-1395, 7 = 2, t = 20°); [a] = 18-34/(42 — 0-02978). 


45-9 52-4 57-7 68-5 79-6 88-4 
52-6 57-8 68-3 79-4 88-8 


After two weeks’ decolorisation : 
(1) In benzene (c = 5-6025, / = 2, ¢ = 20°); [«] = 15-71/(a® — 0-01923). 


43-8 48-0 56-3 65-0 72-4 
[a] CATS. cecccccceses , 43-6 47-9 56-3 65-1 72-4 


(2) In carbon disulphide (c = 6-2435, / = 2, ¢ = 20°); [a] = 14-51/(a2 — 0-01924). 


35-3 40-0 44-2 52-0 60-0 67-0 83-9 
Ged GREG... - ocivsdccccens 35-3 40-2 44-2 52-0 60-0 66-8 85-0 


The dispersion of the ester was determined by the superposition of separate equimolecular 
solutions of the two diastereoisomeric esters. 


(1) In acetone (c = 10-123, 7 = 1, ¢ = 20°)*; [a] = 16-75/(22 — 0-02966). 


[a] obs. 41-8 47-7 52-8 62-4 72-5 
[a] calc, seeeeeeeeeee 41-8 47-9 52-7 62-4 72-5 


(2) In benzene (c = 10-103, 7 = 1, ¢ = 20°)*; [a] = 15-52/(a2 — 0-02794). 


43-9 48-6 57-4 66-8 
44-1 48-6 57-4 66-7 


(3) In chloroform (c = 8-562, / = 1, ¢ = 20°)*; [a] = 17-24/(2? — 0-02735). 


42-6 49-0 54-0 63-4 74-0 82-8 
48-9 53-9 63-6 73-9 82-5 


(4) In carbon disulphide (c = 10-698, 7 = 1, ¢ = 20°)*; [a] = 14-51/(2% — 0-02005). 


35-4 40-3 44-4 52-3 60-5 67-1 
40-4 44-4 52-3 60-4 67-3 


(5) In ethyl alcohol (c = 10-675, / = 1, ¢ = 20°)*; [a] = 17-73/(a2 — 0-03146). 


44-4 50-8 56-4 66-6 77-6 86-2 110-8 
50-9 56-1 66-5 77-4 86-6 111-9 


The dispersion of the ester was also determined by making one solution composed of equal 
amounts of the two diastereoisomerides. 


(1) In carbon disulphide (c = 10-014, ] = 2, ¢ = 20°); [a] = 14-45/(a2 — 0-02037). 


35-3 40-2 44-1 52-0 60-1 66-9 
35-2 40-2 44-2 52-0 60-1 66-9 


* These factors apply to each tube in each case. 
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(2) In ethyl alcohol (c = 8-512, / = 2, t = 20°); [«] = 17°77 /(22 — 0-03011). 
A 6563. » 6162. A 5893. 4 5461. 2» 5106. A 4861. A 4358. 
44-6° 508° 664° 664° 77:-4° 868° 111-2° 
50-8 56-0 66:3 77-0 86-2 111-2 


We express our indebtedness to the Carnegie Trust, one of us (E. R. L. G.) for the award 
of a Senior Scholarship, and the other for a grant in aid of research material. 


UNIVERSITY COLLEGE, DUNDEE, 
UNIVERSITY OF ST. ANDREWS. [Received, March 13th, 1933.] 





NOTES. 


The Preparation of Naphthastyril from 8-Bromo-\-naphthoic Acid. By H. Gorpon RULE and 
RoBerT R. H. Brown. 


A SOLUTION of 20 g. of 8-bromo-1-naphthoic acid (Rule and Barnett, J., 1932, 179) in 300 c.c. of 
concentrated aqueous ammonia containing 0-4 g. of copper bronze, 5-0 g. of ammonium nitrate, 
and 0-4 g. of potassium chlorate (compare Groggins and Stirton, Ind. Eng. Chem., 1933, 25, 
169) was heated in a small glass-lined rotating autoclave at 130—150° for lhour. The yellow 
crystalline solid was filtered off after cooling, washed with cold water, and recrystallised from 
2-5 1. of water, giving 10 g. of pure naphthastyril, m. p. 181°. An additional 1 g. was obtained 
by concentrating the mother-liquor (total yield, 82%). 

In the absence of ammonium nitrate and potassium chlorate the yield was about 15% less. 
When the operation was carried out in an open vessel, the yields varied from 52 to 67%. 


The authors are indebted to the Department of Scientific and Industrial Research for a 
Scholarship (to R. R. H. B.) and to the Carnegie Trust for a Teaching Fellowship (to H. G. R.).— 
UNIVERSITY OF EDINBURGH. [Received, November 15th, 1933.] 





The Preparation of Camphorquinone. By W. C. Evans, J. M. Ripcion, and J. L. Stmonsen. 


CAMPHORQUINONE, obtained usually by the hydrolysis of isonitrosocamphor, can be readily 
prepared by the oxidation of camphor by Riley’s method (E.P. 354,798) with selenium dioxide. 
A mixture of camphor (5 g.), selenium dioxide (6 g.), and acetic anhydride (5 c.c.) was heated at 
140—150° for 3—4 hours. The cooled solution was filtered, the selenium washed with acetic 
acid, and the orange-yellow filtrate carefully neutralised with potassium hydroxide solution. 
The camphorquinone (5-22 g.) had m. p. 190—195°, and 198° after recrystallisation from ligroin 
(Found: C, 72-4; H, 8-6. Calc. for CyH,,0,: C, 72-3; H, 8-4%). The identity was con- 
firmed by the preparation of the semicarbazone, decomp. 228—229°, and the p-bromopheny]- 
hydrazone, m. p. 215—216° (Found: Br, 23-9. Calc.: Br, 23-8%) (compare Lapworth and 
Chapman, J., 1901, 79, 381). Dioxan may be used in place of acetic anhydride as a solvent, 
but the yield is less satisfactory and the product more difficult to purify. (Commercial dioxan 
contains aldehydic impurities which can be removed by distillation over solid potassium 
hydroxide). 

The method described provides also the simplest route from camphor to camphoric anhydride, 
since Forster and Holmes (J., 1908, 98, 252; compare Holleman, Rec. trav, chim., 1904, 23, 
171) have shown the latter to be formed in quantitative yield by the oxidation of the diketone 
with hydrogen peroxide. 


Our thanks are due to Imperial Chemical Industries Ltd. for a grant.—UnIversity CoLLEGE 
or NortH WALES, BANGorR, and IMPERIAL COLLEGE, Lonpon, S.W. 7. [Received, October 27th, 


1933. 





The Action of Bromine on 2- and 6-Chloro- and 2- and 6-[odo-3-bromophenols, By HERBERT H. 
Hopcson and JosEPH NIxon, 


BrominE reacts normally with 2- and 6-chloro-3-bromophenol to form 2-chloro-3 : 4 : 6-tribromo- 
and 6-chloro-2 : 3: 4-tribromo-phenol respectively, but converts both 2- and 6-iodo-3-bromo- 
phenol into 2:3: 4:6-tetrabromophenol. 3:4: 6-Tvibromo-2-iodophenol can be obtained, 
but is converted into the tetrabromophenol on long standing in the reaction liquor. No migra- 
tions have been detected. 

L 
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2-Chloro-3-bromophenol, obtained from 3-bromo-2-aminophenol, crystallised from alcohol 
in colourless needles, m. p. 60° (Found: Cl + Br, 55-4. C,H,OCIBr requires Cl + Br, 55-7%). 
It (2 g.) was converted by bromine (1 c.c.) in chloroform (20 c.c.) into 2-chloro-3 : 4 : 6-iribromo- 
phenol, which formed colourless needles, m. p. 96°, from alcohol (Found: Cl + Br, 75-1. 
C,H,OCIBr, requires Cl + Br, 75-4%). 

2-Chloro-5-bromophenol, obtained from 5-bromo-2-aminophenol, crystallised from alcohol 
in colourless needles, m. p. 60° (Found: Cl + Br, 55-3%). On dibromination as above, it 
gave 6-chloro-2 : 3 : 4-tribromophenol, which separated from alcohol in colourless needles, m. p. 
98° (Found: Cl + Br, 75-2%). This compound was also obtained by chlorination (in chloro- 
form) of Kohn and Strassmann’s dibromination product of m-bromophenol (see Hodgson, 
Walker, and Nixon, J., 1933, 1053). 

3-Bromo-2-iodophenol, obtained from 3-bromo-2-aminophenol, crystallised from 90% formic 
acid in colourless needles, m. p. 85° (Found: Br + I, 68-9. C,H,OBrI requires Br + I, 69-2%). 

Bromination of 3-Bromo-2-iodophenol.—(a) Solutions of the phenol (0-5 g. in 5 c.c.) and of 
bromine (0-8 g. in 3 c.c.) in glacial acetic acid were mixed, warmed to 50°, and kept for 2 hours 
at room temperature; 3: 4: 6-iribromo-2-iodophenol separated in colourless needles, m. p. 
125° (Found: Br-+ I, 80-0. C,H,OBr,I requires Br +I, 80-3%). The mother-liquor on 
dilution with water gave 2:3: 4: 6-tetrabromophenol, which crystallised from 90% formic 
acid in colourless needles, m. p. and mixed m. p. with an authentic specimen, 113—114° (Found : 
Br, 77-8. Calc.: Br, 78-0%). 

(b) When the bromination was repeated, 15 c.c. of glacial acetic acid being used, and the 
mixture kept for 18 hours, no crystals separated, but on dilution with water 2: 3: 4: 6-tetra- 
bromophenol was precipitated. 

3: 4: 6-Tribromo-2-iodophenol was also prepared from 3: 4: 6-tribromo-2-aminophenol, 
itself prepared from 3: 4: 6-tribromo-2-nitrophenol (Hodgson, Walker, and Nixon, Joc. cit.) ; 
m. p. and mixed m. p. 125° (Found: Br + I, 80-0%). 

5-Bromo-2-iodophenol, prepared from 5-bromo-2-aminophenol, crystallised from alcohol 
in colourless needles, m. p. 55° (Found: Br + I, 69-0%). On bromination by methods (a) 
and (b) it gave only 2: 3: 4: 6-tetrabromophenol, m. p. and mixed m. p. 113—114°. 


The authors thank Imperial Chemical Industries, Ltd., for various gifts —TECHNICAL 
CoLLEGE, HUDDERSFIELD. [Received, September 19th, 1933.] 





An Instance of the Action of Air in determining the Course of Bromination. By JoHN HANNON 
and J. KENNER. 


Tue conversion of 2 : 2’-ditolyl into its aww,«,-tetrabromo-derivative was described by Kenner 
and Turner (J., 1909, 95, 2102), but at the same time it was stated that only those experiments 
were successful in which the bromination was spread over 2 days. The difficulty thus indicated 
was again encountered when the study of the matter was resumed, until it occurred to us that 
interruption of the operation might have permitted re-access of air to the bromination mixture, 
and to connect this with the favourable influence of air on the yield of benzyl bromide from 
toluene (Andrich and Le Blanc, Z. wiss. Photochem., 1916, 15, 148, 183) and with the earlier 
discovery by Luther and Goldberg (Z. physikal. Chem., 1906, 56, 43) that its presence is inimical 
to the nuclear chlorination of benzene. When, therefore, access of dry air was allowed through 
the reflux condenser during the interval (13} hours) between the bromination, initially at 110° 
and finally at 140°, of 2: 2’-ditolyl, b. p. 254—259°, for 2 working days, a transparent final 
product was consistently obtained and some crystals developed in the upper portions of the 
bromination flask. After removal of hydrogen bromide by solid potassium hydroxide in a 
vacuum desiccator, the gum was readily converted into a mass of crystals by nucleation and 
rubbing with dry ether. Yield, 60% of the theoretical. 

o-lodocyanobenzene, m. p. 54—55° (Found: N, 6-4. C,H,NI requires N, 6-1%), reacted 
with copper powder at 275° to furnish 2 : 2’-dicyanodiphenyl, m. p. 176—177° (Found: N, 
13-9. C,,H,N, requires N, 13-7%). It was identified by alkaline hydrolysis to diphenic acid, 
m. p. 229°, but could not be converted by Stephen’s method into 2 : 2’-dialdehydodipheny], 
which is thus best prepared in the manner described by Kenner and Turner (/oc. cit.). Its 
dioxime forms colourless prisms, m. p. 186—187° (Found: N, 11-8. Calc. for C,,H,,0,N;: 
N, 11-7%) (compare Mayer, Ber., 1911, 44, 2304). —Tur CoLLEGE oF TECHNOLOGY, MANCHESTER. 
[Received, December 4th, 1933.] 
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36. Liquidus and Solidus Studies. Part IV. 
By K. LaysBourn, W. M. Manein, and (in part) DoroTHy FREEMAN. 


THE graphical thermodynamic treatment of ternary systems involving solid solutions 
was discussed by Schreinemakers (Z. physikal. Chem., 1904, 50, 169; 1905, 51, 547), but 
few actual examples of such systems were then known. In the present and earlier papers 
in this series a number of ternary systems, each involving one binary solid solution system, 
are described, and the forms of the liquidus surfaces, together with a knowledge of solidus— 
liquidus equilibria, are used to deduce the types of binary systems which could not other- 
wise be investigated. 

In making deductions from the forms of ternary liquidus surfaces it is first necessary 
to prove that any given surface corresponds to one particular type of binary system, and 
for this purpose Schreinemakers’s theory and methods of representation must be extended, 
since they do not cover all the particular types of ternary systems examined by us. 

Hitherto, water has been used almost exclusively as the third component to determine 
the types of binary systems of inorganic salts, but such investigations are seriously limited 
by the impracticability of the determinations of isotherms lying above about 50° under 
ordinary pressures. In the present work the third component is an inorganic salt, and 
five ternary systems are now reported involving the nitrates of the alkali metals, the 
alkaline earths, and lead. 

Gibbs (‘‘ Collected Scientific Papers,”” London, 1906) showed that the thermodynamic 
potential (¢ function) is a minimum for stable equilibrium in a system at constant temper- 
ature and pressure, and Alkemade (Z. physikal. Chem., 1893, 9, 289) described the graphical 
representation of this function with respect to ternary systems. 

In the following we consider systems of three components, A, B, and C. The ¢ values 
of all possible liquid states at a given temperature and pressure are represented on a sur- 
face afy, those of binary solid solutions of A with B on a curve ab, and the ¢ value of 
solid C, the inert third component, on the axis ¢, [see Fig. 1 (i)]. The graphical treatment 
of the particular experimental types examined by us, and the derivation of the liquidus 
forms, may be considerably simplified by considering first a case in which the component 
C has a very low freezing point in comparison with A or B (as is generally the case in a 
system formed from water and two salts) so that the only solid phases to be considered are 
solid solutions of A with B. This isa departure from Schreinemakers’s method of treat- 
ment and simplifies the application to our particular examples. 

I. The solid solution series A—B is continuous. In this case the curve ab is always 
convex downwards. 

When the binary solid solution system is of Roozeboom’s Type I, the curve ab cuts 
through the curve «f in a certain manner as temperature is lowered (see Roozeboom, 
ibid., 1899, 30, 385); on this assumption the isotherms in the ternary system may be 
derived as shown in Fig. 1 (i) and (ii), which refer to temperatures respectively above and 
below the freezing point of the lower-melting component A. 

Although ad and the surface «fy may change in form as temperature alters, it is evident 
that the liquidus surface in the neighbourhood of A and B will exhibit no marked trough 
or hump; this is shown by the summary of the isotherms in Fig. 1 (iii). 

When the binary solid solution series is of Roozeboom’s Type III, the curve ad cuts 
«8 in two points for a certain temperature range below the melting point of A, and at 
such temperatures the isotherm of solid solutions is derived as shown in Fig. 2 (i) ; Fig. 2 (ii) 
refers to a still lower temperature. It is clear from the method of derivation that, in 
general, the isotherms will show a marked dip [Fig. 2 (iii)], corresponding to a trough on 
the liquidus surface, and the occurrence of this type of isotherm might be taken as strong 
evidence that the binary solid solution system involved is of Roozeboom’s Type III. 

Three-component salt systems in which the third component C has a freezing point 
not very different from those of the other two components are the subject of the experi- 
mental parts of the present series of papers. 
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Equilibria of binary solid solutions with solid C are given by points on straight lines 
joining c, the point representing the ¢ value of solid C, with points on ab. These lines form 
a surface, as,be [Fig. 3 (i)], and, at temperatures where only solid phases can exist in 
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Fig 4.(ii) 
the ternary system, this surface must lie entirely below the surface ay, but on rise of 
temperature it will eventually meet it. 


When the straight line dc is the first conjugation line in the surface as,bc to touch the 
surface «By as temperature is raised, and the straight line ac is the last, then the touching 
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point of bc with By represents the liquid of lowest freezing point in the ternary system : 
in this case it is the binary eutectic in the system B-C. At higher temperatures the isotherm 
shows two branches intersecting in a point, 1’, which represents a liquid that can exist 
in equilibrium with both solid C and a solid solution of composition s’ [Fig. 3 (i)]. The 
locus of /’ over a range of temperature is shown in projection in Fig. 3 (ii); it extends 
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from the binary eutectic point /’,, to the binary eutectic /’,,; the freezing points of mixtures 
represented along this line rise continuously from /’,, to /’,, and this is shown by arrows. 

When the first conjugation line in the surface as,bc to touch the surface «fy lies between 
ac and bc, the point of contact, representing the mixture of lowest freezing point in the 
ternary system, corresponds to a three-component mixture. At higher temperatures 
the surface as,bc cuts «@y in a closed curve [shaded in Fig. 4 (i)], and the isotherm consists 
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of two branches which enclose an area within the triangle ABC. The loci of /’, and /’, 
(Fig. 4 (i)] form a curve [projected in Fig. 4 (ii)] with a freezing-point minimum. 

II. The solid solution series A—B is not continuous. The curve ab is now in part concave 
to AB. Take first the case in which C does not separate as a solid at the temperature 
considered. When the solid solution series A—B is of the eutectic type, the derivation of 
the isotherms at two typical temperatures is shown in Fig. 5 (i) and (ii), and Fig. 5 (iii) 
summarises the isotherms over a temperature range. The locus of /’, the point of inter- 
section of the two branches, is a eutectic trough beginning at the binary eutectic in the 
system A-B. 

When C can also separate as a solid phase, the ¢ values of complexes of solid C with 
solid solutions are represented on a surface as,s,bc formed by joining c by straight lines 
to every point on ab. A double touching plane can be drawn to this surface containing 
the triangle cs,s, and when, as temperature is raised, a point in this triangle first makes 
contact with the surface ay, the touching point, representing the liquid of lowest freezing 
point in the ternary system, corresponds to a liquid which can exist in equilibrium with 
three solids, viz., solid C, and the two limiting solid solutions, S’; and S’,. This is thus an in- 
variant point and is, in fact, the ternary eutectic point. At higher temperatures, as,s,bc 
cuts «Sy in a closed curve, shaded in Fig. 5 (iv), and the isotherm shows three branches. 
The loci of /’, and /’, are eutectic troughs extending from the ternary eutectic point to 
the binary eutectics /’,, and /’,, respectively. Freezing points alter along these curves 
as shown in Fig. 5 (v). 

Similar isotherm forms are obtained even when the two series of solid solutions, As’, 
and s’,B, are not of the same crystal type (isodimorphism). 


EXPERIMENTAL (with DoroTHY FREEMAN). 


Of the six binary systems realisable among the nitrates of calcium, strontium, barium, and 
lead, one has already been reported (Part III, J., 1933, 236). The nature of the remaining 
five systems has now been examined by an investigation of five ternary systems. In each 
case the liquidus surface has been determined within the limits prescribed by decomposition, 
and in two systems experiments have been made to ascertain the nature of the solid == liquid 
equilibria. 

Purification of materials, determination of freezing points, and examination of solid phases 
were carried out as described in Part III (loc. cit.). It was necessary to determine several 
binary systems and these are reported here. 

The System NaNO,—Pb(NO,),-Sr(NO,).—In addition to binary points, thirty-six ternary f. p.’s 
(Fig. 6, inset A) were determined. The mixture of lowest f. p. is the binary eutectic of lead 
nitrate with sodium nitrate (E, Fig. 6, inset B). Fig. 6 shows the isotherms and Fig. 7 the 
liquidus—solidus conjugation lines. 

Lead and strontium were determined as combined sulphates; lead was then removed as 
sulphide and strontium determined as sulphate: the analytical figures are in Table I. 


TABLE I. 

Liquid phase. Solid phase. Liquid phase. Solid phase. 
Pb(NO,),, Sr(NO,),, Pb(NO,),, Sr(NOs)s, Pb(NO,),, Sr(NO;),, Pb(NOs;),, Sr(NOs)2, 
Yo %- %- %- Yo %: %- %* 
A. Isotherm 290°. B. Isotherm 320°. 
25°02 1-96 14°68 1-29 5°00 18°98 5°13 44°42 
19°33 5°61 10°62 3°10 14°72 15°66 16°85 35°40 
11-24 10°47 6°31 6°18 21:97 13-08 29°38 32°51 
30°84 9°83 41°75 25°49 
36°69 7°72 51°60 20°17 
42°05 5°70 59°26 14-68 
46°49 3°93 60°71 7°87 
51:10 2°02 69°28 4°34 


The System KNO,-Sr(NO,),—Ba(NO,),.—Twenty-seven ternary f. p.’s (Fig. 8, inset A) were 
determined ; the mixture of lowest f. p. in the ternary system (260°) has the composition KNO,, 
73-5; Sr(NO,),, 23-5; Ba(NO,),, 3% (E, Fig. 8, inset B). Fig. 8 shows the isotherms and 
Fig. 9 the liquidus === solidus conjugation lines. 















Liquidus and Solidus Studies. Part IV. 


Liguidus-solidus 
conjugation lines 


Fig. 7 








WA 








Sr (N 03)2 


InséT A 








Liguidus-solidus 











conjugation lines. 











/ 








AVA 


Ba(N0,), 








Laybourn, Madgin, and Freeman : 


SOLID 
SOLUTIONS 





dri N03) 12 
InSET B. 














S0L/D 
SOLUTIONS 





Barium and strontium were determined as combined sulphates, barium as chromate, and 
potassium as perchlorate: the analytical figures are given in Table II. 
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TABLE II. 

Liquid phase. Solid phase. Liquid phase. Solid phase. 
Ba(NO;),, Sr(NO;),, Ba(NO;),, Sr(NOs)., Ba(NO;),, Sr(NO;),, Ba(NO;),, Sr(NOs),, 
%: %. %: %. %. %. %: %. 

A. Isotherm 300°. B. Isotherm 400°. 
26°7 ; 7-2 

5: 12°4 

; 27°8 
27°2 
47°8 
52°5 
58°0 
68°1 
75°8 

The System NaNO,—Ca(NO,),-Pb(NO,)..—Thirty-one ternary f. p.’s (Fig. 10, inset A) were 
determined. The mixture of lowest f. p. is the binary eutectic of sodium nitrate with calcium 
nitrate (E, Fig. 10, inset B): isotherms in Fig. 10. 

The System NaNO,-Ca(NO,),-Pb(NO,),.—Forty-two ternary f. p.’s (Fig. 11, inset A) were 
determined. There is a minimum f. p. at 202°; composition NaNO,, 51-8; Ca(NOs3),, 45-2; 
Pb(NO3)2, 3% (E, Fig. 11, inset B): isotherms in Fig. 11. 

The System NaNO,—Ba(NO,),—-Pb(NO,)..—Thirty-five ternary f. p.’s determined (Fig. 12, 
inset A). There is a minimum f. p. at 269°; composition NaNO;, 61-5; Ba(NOs)q, 2-5; 
Pb(NO,)., 36% (E, Fig. 12, igset B): isotherms in Fig. 12, 

Binary Sysitems.—Fig. 13 shows the f.-p. curves as obtained for five binary systems. 
Each system is of the simple eutectic type and the eutectic temperatures and compositions 
are set out in Table III. 
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TABLE III. 


System. Eutectic composition, %. Eutectic temp. 
. NaNO,-Ba(NO,), NaNO,, 82°7; Ba(NO3)., 17°3 284°0° 
. NaNO,-Sr(NO,). NaNO,, 84:2; Sr(NO,)., 15°8 294°9 
. NaNO,-Ca(NO;), NaNO,, 50°8; Ca(NO,)2, 49°2 211°3 
. KNO,-Ba(NOQ,), KNO,, 73:0; Ba(NO,)., 27°0 285°7 
- KNO,-Sr(NO;j), KNO,, 33°8; Sr(NO3),, 66°2 274°8 


DISCUSSION. 


On the basis of the theoretical treatment presented in this paper, the various liquidus 
surfaces realised by us experimentally fall into a few well-defined classes. In each ternary 
system examined the forms of the isotherms strongly suggest the existence of one binary 
solid solution system and give a clear indication of the probable type of that system in 
Roozeboom’s classification. An examination of solid == liquid equilibria in several of 
the systems has confirmed these deductions. 

1. The system NaNO,-KNO,-Pb(NO,), (J., 1932, 2582). This system exhibits a 
ternary minimum point [compare Fig. 4 (ii)] whilst the solid solution isotherms are of the 
type of Fig. 2 (iii). The binary system NaNO,-KNO, is thus probably of Roozeboom’s 
Type III, z.e., the solid solution series has a freezing-point minimum. The conjugation lines 
obtained experimentally for this system accord with those of Fig. 2 (i) and (ii) and Fig. 4 (i). 

2. The systems KNO,-Sr(NO;).-Ba(NO3)2, NaNO,-Ca(NO,),-Pb(NO,)., and NaNO;- 
Ba(NO,),-Pb(NO,),. All three systems have the same type of isothermal diagram; 
there is a ternary minimum point, and the isotherms differ from those in the preceding 
system in showing no marked dip. It is evident that in each of the three binary systems 
of the non-alkali metal nitrates a complete series of solid solutions exists, and since the 
isotherms resemble those of Fig. 1 (iii), the solid solution series are probably of Roozeboom’s 
Type I. The conjugation lines of Fig. 9 are comparable with Fig. 1 (ii). 

3. The systems KNO,-Ca(NO,),-Ba(NO,), (J., 1933, 236), NaNO,-Ca(NO;).-Sr(NOs)q, 
and NaNO,—-Pb(NO,),-Sr(NO,),._ These three systems differ from those immediately 
preceding only in that the mixture of lowest freezing point is in each case a binary eutectic, 
1.e., the type is that of Fig. 3 (ii). Like the binary system Ca(NO,),-Ba(NOs)o, the systems 
Ca(NO,),-Sr(NO,), and Pb(NO,),-Sr(NO,), evidently represent continuous series of solid 
solutions, In the system NaNO,—-Pb{NO,),-Sr(NO,), the isotherms are of the type shown 
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in Fig. 1 (i) and (ii) and Fig. 3 (i), and the binary system Pb(NO,),-Sr(NO3), is therefore 
probably of Roozeboom’s Type I; but the isotherms for the other two ternary systems 
appear to be transition types, so that the binary systems Ca(NO,),-Ba(NO,), and Ca(NO,),— 
Sr(NO,), may be of a type intermediate between Roozeboom’s Types I and III. The 
conjugation lines of Fig. 7 are compar- 
: Hea, 38. able with those of Figs. 1 (ii) and 3 (i). 
520 4. The system 
A=Sr(N03)2 KNO,-NH,NO,-Pb(NO,), 
B =Ba(NO03)2 (J., 1933, 199). This system "bas a 
C =Ca(N03)2 ternary eutectic point and three 
troughs along which the freezing 
points rise towards the three binary 
eutectics [Fig.5 (v)]. It is clear from 
the conjugation lines found experi- 
mentally that the system 
KNO,-NH,NO, 
forms a series of solid solutions with 
a miscibility gap (compare Fig. 5), 
and the isotherms thus indicate that 
the binary solid solution series is of 
the eutecfic type. 
5. The binary system 
Ca(NO,),-NaNO,. 
The great temperature lowering at 
the eutectic composition in this 
system is comparable with that in the 
30 30 system Ca(NO;),-KNO,, reported by 
Weight conpesttipas NaNOs, ad Rostkovski (J. Russ. Phys. Chem. 
Soc., 1930, 62, 2055), who regarded 
E. the abnormal lowering as evidence of 
compound formation. Cooling curves 
D=Sr(N03)2 have failed to give any indication of 
E =Ba(N0s)2 a compound in the present system, 
which is comparable with 
KNO,—Pb(NOs)o, 
where a great temperature lowering 
at the eutectic composition was not 
accompanied by evidence of com- 
pound formation. 
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SUMMARY. 


The graphical thermodynamic 
treatment of certain heterogeneous 
systems, involving solid solutions, has 

100-90 wer . ie positi on RN0, “a been extended to elucidate the ex- 

: perimental results obtained by us 

for ternary systems. The liquidus surfaces have been determined for five ternary systems 

involving nitrates of the alkali metals, the alkaline earths, and lead, and in two cases 

solid == liquid equilibria have been investigated analytically. Information concerning 

five binary systems, not hitherto reported, has emerged incidentally. The experimental 

results, together with those given in earlier parts of this series, have been discussed collec- 
tively in the light of our extended graphical treatment. 


We are indebted to the Research Committee of this College for a grant. 
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Action of Pyridine—Acetic Anhydride on Aldose Oximes. 


37. Action of Pyridine—Acetic Anhydride on Aldose Oximes. Production 
of Hexa-acetyl Aldomannoseoxime. * 


By VENANCIO DEULOFEU, PEDRO CATTANEO, and GERMAN MENDIVELZUA. 


SINCE pyridine-acetic anhydride converts glucoseoxime mainly into a hexa-acetylated 
oxime at a low temperature and into penta-acetyl glucononitrile at a high temperature 
(Behrend, Anualen, 1907, 353, 109), whereas from xylose- and arabinose-oxime the corre- 
sponding acetylated nitriles are produced even at a low temperature (Mendive, Chemia, 
1930, 7, 321; Deulofeu, J., 1932, 2973), the action of the reagent on various aldose 
oximes has been studied. 

The first result obtained was the demonstration (Deulofeu, Wolfrom, and others, J. 
Amer. Chem. Soc., 1933, 55, 3488) that galactoseoxime yields a mixture of penta-acetyl 
galactononitrile and two isomeric hexa-acetyl oximes, one being the open-chain form and 
the other derived from the semi-acetalic form. The results obtained with other oximes 
will now be described. 

Arabinose-, Xylose-, and Rhamnose-oximes.—The only products obtained, even at 0° 
and with low concentrations of acetic anhydride, are the acetylated nitriles: evidently 
each oxime reacts in the open-chain form which Wolfrom and Thompson (J. Amer. Chem. 
Soc., 1931, 58, 622) have shown to be an intermediate in the formation of the nitrile. The 
acetylated open-chain oximes must be very unstable compounds, easily losing acetic acid 
and producing the nitriles. This supposition is supported by the fact that tetra-acetyl 
aldoarabinoseoxime could not be further acetylated, even under mild conditions, the nitrile 
being always obtained (Deulofeu, Wolfrom, and others, Joc. cit.). 

Glucose- and Mannose-oximes.—In these reactions, the products obtained depend on 
the temperature and on the concentration of acetic anhydride: the acetylated oxime, the 
nitrile, or both compounds may be produced. There is, however, an important difference 
between the two reactions. The hexa-acetyl glucoseoxime isolated is the same as that 
obtained by Behrend (loc. cit.), that is, it has a semi-acetalic structure and is not the unstable 
open-chain intermediate form in the nitrile formation (Wolfrom and Thompson, Joc. cit.), 
The hexa-acetyl mannoseoxime obtained can, on the contrary, be transformed above its 
melting point into penta-acetyl mannononitrile, and therefore must be considered an 
aldo-form by analogy with the results obtained with glucose and galactose (loc. cit.). 

Mannoseoxime behaves similarly to galactoseoxime. This tendency to react as an 
open-chain true aldehydo-oxime explains why the acetylated mannononitrile is produced 
at a lower temperature than glucononitrile. The hexa-acetyl mannoseoxime is not trans- 
formed into penta-acetyl mannononitrile under conditions which produce the latter from 
the free oxime. 

The rotatory power of tetra-acety] /-rhamnononitrile, [«]}’ —4-0°, is the first exception 
to a rule, which we hoped would establish the direction of the rotation of acetylated aldo- 
nitriles (Nature, 1933, 131, 548). 


EXPERIMENTAL. 


The preparation of hexa-acetyl mannoseoxime is described in detail. For the other pre- 
parations, carried out in the same way, only the time and the temperature are given. The 
yields recorded are the sum of the partial yields obtained from different fractions. The crystal- 
line products were identified in most cases by mixed m. p. determinations with authentic speci- 
mens. Rotations were measured in chloroform solution. 

Reagent I denotes a mixture of 6-3 c.c. of pyridine and 4-2 c.c. of acetic anhydride for the 
quantity of oxime indicated. Reagent II denotes 2 c.c. of pyridine and 6 c.c. of acetic anhydride. 

Pentose Oximes (0-85 g. of oxime; 8 days at 0°).—Arabinoseoxime gave tetra-acetyl arabono- 
nitrile (0-85 g., m. p. 119°, [a]#” + 4-2°, with reagent I, and 0-90 g., m. p. 118°, [«]—” + 4-1°, 
with reagent II). Xyloseoxime gave tetra-acetyl xylononitrile (0-22 g., m. p. 83°, [a]}” + 50-3°, 
with reagent I, and 0-09 g., m. p. 83°, [«]%” + 50-4°, with reagent IT). 

Rhamnoseoxime (0-9 g.; 8 days at 0°) gave tetra-acetyl rhamnononitrile (0-35 g., m. p. 
70°, [a]}" — 4-0°, with reagent I, and 0-36 g., m. p. 71°, [a]#” —3-9°, with reagent II). Alterations 





148 Weissberger and Thiele: The Alleged Colour and 


of temperature and of time did not change the nature of the products; they were always the 
acetylated nitriles. 

Hexose Oximes (1 g.,of oxime).—With reagent I, glucoseoxime gave: after 8 days at 0°, 
0-9 g. of pure hexa-acetylated oxime, m. p. 113—115°, [a]?” + 7-2°; after 8 days at 30°, 0-82 g. 
of the same compound, m. p. 111°, and m. p. 113—115°, [a]? + 7-3°, after two recrystallisations 
from alcohol; after 1 hour at 70°, 0-51 g., m. p. 113—114°; after 1 hour at 80°, 0-40 g., m. p. 
114°; after 1 hour at 90°, 0-25 g., m. p. 113—114°; after 1 hour at 100°, 0-30 g. of penta- 
acetyl glucononitrile, m. p. 83—84°, [«]?” + 48-4°; after 1 hour at 110°, 0-33 g. of the nitrile, 
m. p. 83°. 

From the mother-liquors of the experiments carried out at 70—90°, minute quantities of 
penta-acetyl glucononitrile, m. p. 82°, were obtained. 

With reagent I, mannoseoxime gave: after 8 days at 0°, 1:3 g. of hexa-acetylated oxime, 
m. p. 94°, [«]?#” — 8-4°, and a minute quantity. of penta-acetyl mannononitrile, m. p. 93°; 
after 8 days at 30°, 1-1 g. of the nitrile, m. p. 92—93°, [«]}° — 1-2°. At higher temperatures 
the nitrile only was produced. 

With reagent II, glucoseoxime gave : after 8 days at 0°, 1-5 g. of the hexa-acetylated oxime, 
m. p. 112—113°, [a]#” + 7-4°; after 8 days at 30°, 1-45 g. of the oxime, m. p. 111—113°; after 
2 hours at 60°, 0-70 g. of the oxime, m. p. 113—114°, and very little nitrile, m. p. 83°; after 1 
hour at 70°, 0-25 g. of penta-acetyl glucononitrile, m. p. 84°. Above 70°, only the nitrile was 
obtained. 

With reagent II, mannoseoxime gave: after 8 days at 0°, 0-25 g. of the hexa-acetylated 
oxime, m. p. 94°, [a]? — 8-3°, and 0-2 g. of penta-acetyl mannononitrile, m. p. 93°; after 8 days 
at 30°, 1 g. of the nitrile, m. p. 93°, [«]}#” — 1-3°. Above 30°, only the nitrile was obtained. 

Hexa-acetyl Aldomannoseoxime.—A suspension of 5 g. of mannoseoxime in 31-5 c.c. of 
pyridine at 0° was treated with 21 c.c. of acetic anhydride and kept at 0°, with frequent shaking, 
for 8 days. The solution then obtained was poured into 200 c.c. of ice-water and after some 
hours the crystals produced were collected, washed with water, and dried; yield 6-7 g., m. p. 
90°. Hexa-acetyl mannoseoxime was obtained, after recrystallisation from alcohol, in six-sided 
plates, m. p. 94°, [«]?° — 8-3°, almost insoluble in water, soluble in alcohol, and very soluble in 
chloroform (Found: N, 3-2. C,,H,,0,,.N requires N, 3-1%). Mixed with penta-acetyl 
mannononitrile (m. p. 93°), it melted at 80°. 

From the aqueous solution, chloroform extracted penta-acetyl mannononitrile, m. p. 93°, 
after being washed (dilute sulphuric acid, dilute sodium carbonate solution, and water) and 
dried in the extract, recovered in a vacuum, and recrystallised from alcohol (yield, 0-2 g.). 

The acetylated oxime was recovered unchanged after being heated for 1 hour at 90° with 
fused sodium acetate and acetic anhydride or with pyridine and acetic anhydride. Heating 
with the latter reagents for 1 hour at 110° produced a substance, m. p. 80°, which was doubtless 
a mixture of the nitrile and the unchanged oxime. 

The acetylated oxime (1 g.) was heated at 130° for 10 minutes. The product, recrystallised 
from alcohol, was shown to be penta-acetyl mannononitrile by its m. p. 93° and mixed m. p. 

A solution of the hexa-acetyl aldomannoseoxime (1 g.) in 25 c.c. of methyl alcohol was 
saturated with dry ammonia, and evaporated in a vacuum after 24 hours. The product, 
recrystallised from alcohol—water, had m. p. 176°, alone or mixed with authentic mannoseoxime— 
this is a proof that the acetylation has not permanently modified the structure of the original 
oxime. 


INSTITUTO DE FiIsIOLoGia, BUENOS AIRES. [Received, September 4th, 1933.] 





38. The Alleged Colour and Dyeing Properties of Some Derivatives of 
T etra-arylmethanes. 


By ARNOLD WEISSBERGER and JOHANNES THIELE. 


SEN and BANERJEE (J. Indian Chem. Soc., 1931, 8, 77) have stated that by the condens- 
ation of p-rosaniline with aniline and some of its derivatives or with certain phenols and 
phenolic ethers derivatives of tetraphenylmethane are formed in accordance with scheme 
(I) and that the products are deeply coloured dyes. 

Sen, Chattopadhya, and Sen-Gupta (7bid., 1930, 7, 997), by condensing resorcinol with 
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various ketones, have obtained products to which they allot the structure (II) and which 
also are described as dyes. These substances cannot be formulated as meroquinoid systems 


I.) (H,N-C,H,),C-OH + C,H;NH, —> C(C,H,'NH,), + H,0 ie or 
(I1.) + 
K 


or as radicals and hence, if the description of their constitution is correct, they would 
provide a striking exception to the prevailing views on the correlation of colour and con- 
stitution. Reinvestigation of both classes of product seemed necessary, since other authors 
(Steinkopf and Hempel, Annalen, 1932, 495, 154; see also Rupe, Collin, and Schmiederer, 
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Helv. Chim. Acta, 1931, 14, 1340) have already drawn theoretical conclusions from their 
reported properties. 

(1) We have repeated the condensations, described by Sen and Banerjee, of -rosaniline 
with aniline, dimethylaniline, phenol, anisole, resorcinol, and salicylic acid. The absorption 
spectra of the products, obtained with a Loewe and Schumm evaluating grating spectro- 
scope f (illumination : tungsten arc lamp, slide 0-02 mm.) all show in acid solution (0-05N- 
acetic acid in 94% ethyl alcohol) a strong band at 5525 A.U. (see fig.): in alkaline 
solution the absorption is weak, with no band in the visible region, and occurs at wave- 
lengths shorter than 4200 A.U. The light absorption cannot be a property of the actual 
condensation products themselves, since it is inconceivable that with the variety of sub- 
stituents the absorption band should remain in the same place. The observed behaviour, 
however, is the characteristic one of p-rosaniline itself, and thus the colour and the dyeing 


* The figures are the same as those in Sen and Banerjee’s paper. 
+ For the apparatus we are indebted to the Notgemeinschaft der deutschen Wissenschaft. 
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property of the condensation products are to be ascribed to the rosaniline with which they 
are contaminated: the small differences, as described by Sen and Banerjee, doubtless 
arise from the different amounts of contamination and traces of other impurities. 

Our analyses of the products give nitrogen contents which differ markedly from those 
of Sen and Banerjee, although our preparations correspond to theirs in appearance and 
in ability to dye wool and silk. We find, however, that the nitrogen content of the product 
from rosaniline and phenol varies with the agent used to precipitate it; if ammonia is 
used, the nitrogen content is 12-4%, whereas with sodium acetate it is 90%. It would 
thus seem that the analytical data are of little value. We have been unable to cause the 
products to crystallise from alcohol—the final step of the purification as reported by Sen 
and Banerjee—with the exception of the product from rosaniline and resorcinol, and have 
purified them finally by partial extraction with alcohol and recovery from the solution 
by evaporation. But the residues, about 10% of the extracted material, were also deeply 
coloured and showed, on spectroscopic analysis, similar proportions of #-rosaniline to 
those in the products obtained from the solutions. The product obtained from resorcinol 
we recrystallised in the proper sense: the crystals showed an even higher percentage of 
p-rosaniline than the product got by evaporation of the mother-liquor. 

The condensation products from rosaniline, therefore, are complex, but probably do 
contain derivatives of tetraphenylmethane. The absorption data showed that the product 
from phenol is the least contaminated with rosaniline, and from this we have been able 
to isolate a colourless substance, m. p. 257° (decomp. ; corr.), whose molecular weight and 
analysis indicate that it is pp’p’’-triamino-p’"’-hydroxytetraphenylmethane : it is colourless 
and shows no dyeing properties, even after treatment with lead dioxide, and hence 
cannot be N-phenyltriaminotriphenylcarbinol or N-hydroxyphenyltriaminotriphenyl- 
methane. Dissolved in sodium hydroxide solution or aqueous ammonia, it does not 
show any fluorescence at all, whereas Sen and Banerjee state that the hydroxy- 
derivatives fluoresce. Although the crude triaminohydroxytetraphenylmethane con- 
tained only 4% of p-rosaniline according to the spectroscopic analysis, the yield of the 
colourless product was small (16-3%) and did not encourage similar purifications with 
the remaining products. 

(2) With regard to the products (II) obtained by condensing resorcinol with ketones, 
we are of the opinion that the colour and dyeing properties are due to substances formed 
from the resorcinol alone by the action of the dehydrating agents used for the condensation 
or at high temperatures, and mentioned by various authors (e.g., Grimaux, Compt. rend., 
1895, 121, 88; Meyer and Marx, Ber., 1907, 40, 1450). An attempt to isolate the orange- 
coloured matter which shows bright green fluorescence is being made. That substances 
of the formula (II) should be dyes and of dark colour seems impossible, not only on general 
grounds but also because 3 : 6-dihydroxyxanthone is described as yellow (Meyer and 
Conzetti, Ber., 1897, 30, 969; Kehrmann, Amnalen, 1910, 372, 304): it is difficult to 
understand how dyes having the properties reported by Sen and his co-workers can result 
by replacement of the ketonic oxygen atom by hydrocarbon radicals. The products 
obtained from resorcinol and zinc chloride both with and without the addition of benzo- 
phenone are similar, dark brown powders, which show a strong green fluorescence when 
dissolved in alkali. Their absorption spectra are nearly the same and their behaviour 
shows that they are not homogeneous. 

It appears, therefore, that both series of compounds described by Sen and his collabor- 
ators are not pure substances and owe to impurities the properties which make them so 


remarkable. 





Purification of pp'p’’-Triamino-p’”’-hydroxytetraphenylmethane.—A solution of 5 g. of the 
condensation product of p-rosaniline and phenol, prepared according to Sen and Banerjee, in 
160 c.c. of 96% ethyl alcohol was slowly mixed with 460 c.c. of water and kept for 15 hours 
at 0°; the precipitate was then drained and dried over calcium chloride at 100°/14 mm., 3-3 g. 
of a substance a little lighter in colour than the initial material being obtained. 2-5 G. of this 
product, finely powdered, were boiled during 15 minutes with 50 c.c. of water, the solution was 
filtered hot, and the residue dissolved in 40 c.c. of 3-6N-hydrochloric acid. This deeply coloured 
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opaque solution was boiled under reflux for 10 minutes with 0-02 g. of charcoal (carbo medicinalis, 
Merck, which had been boiled for several days with hydrochloric acid till this after filtration 
evaporated without residue), the operation being repeated 8 times. The solution, now almost 
colourless, was neutralised, and the substance was precipitated with saturated sodium acetate 
solution, collected after 24 hours, washed with water, and dried as mentioned above; yield, 
1:16 g. The initially pure white precipitate became greyish on filtering and drying. It was 
therefore dissolved in 30 c.c. of absolute ethyl alcohol, filtered from traces of inorganic substance, 
mixed with aqueous ammonia dropwise till neutral to litmus, and precipitated with water in 
two fractions : 40 c.c. of water precipitated 0-4 g. of a greyish substance, m. p. 247° (decomp. ; 
uncorr.) after sintering at 230°. The solution was twice boiled with 0-1 g. of carboraffin (Lurgi) 
and treated with 100 c.c. of water, which precipitated 0-62 g. of a colourless product, m. p. 250° 
(decomp.; uncorr.) (257° corr.) after sintering at 232° (Found: C, 78-6; H, 6-2; N, 11-1; 
M, in dioxan, 370. C,;H,,ON, requires C, 78-7; H, 6-1; N, 110%; M, 381-2). 


We thank the I. G. Farbenindustrie and the Justus Liebig-Gesellschaft for a grant to 
Dr. Thiele, and Mr. T. W. J. Taylor and Dr. A. R. Todd for assistance in the preparation of 
the manuscript. 
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39. Conversion of 2-p-Toluenesulphonyl B-Methylglucoside into Methyl 
epiGlucosamine. 


By E. W. BopycoTte, W. N. Hawortu, and E. L. Hirst. 


A SUGAR base, designated methyl efiglucosamine, first prepared by Fischer, Bergmann, 
and Schotte (Ber., 1920, 53, 509) by treatment of methylglucoside 2-chlorohydrin with 
hot concentrated aqueous ammonia, is identical with the amino-compound isolated 
during the present investigation. Fischer, discussing its probable mode of formation, 
suggested that elimination of the halogen may result in the formation of an ethylene oxide 
ring, which then opens to add on ammonia. He reported great difficulty in removing the 
glucosidic methoxyl group even with hot concentrated hydrochloric acid. Levene and 
Meyer (J. Biol. Chem., 1923, 55, 221), however, found that hydrolysis of the methoxyl 
group proceeds readily with even dilute acid, but the resultant amino-sugar quickly loses 
water to form a non-reducing anhydro-amino-compound. The free sugar was shown to 
exist in dilute aqueous acid solution, from which an osazone was prepared. The osazone 
contained five atoms of nitrogen and had thus been formed without elimination of the 
amino-group. This fact proved that the basic group was not attached to the second carbon 
atom and Levene suggested position 3 as an alternative. 

The fact that the amino-group had not replaced the halogen directly supports the 
suggestion of Fischer that an anhydro-compound may form an intermediate stage in the 
preparation, as the breaking of the anhydro-ring would permit the entering amino-group 
to become attached to either of the two carbon atoms involved. This also makes it 
possible that the configuration of the groups on both carbon atoms involved may change 
during the reaction. Levene expressed no opinion as to the probable configuration of 
either of the two and thus left four possibilities open. The compound could be a 3-amino- 
derivative of glucose, mannose, allose, or altrose. 

Later Freudenberg, Burkhart, and Braun (Ber., 1926, 59, 714) prepared an amino- 
glucose by a method which left no room for doubt as to the position of the basic residue. 
The -toluenesulphonyl derivative of diacetone glucose was treated with ammonia to 
yield a diacetone amino-compound, which was hydrolysed to 3-amino-glucose. The 
osazone and the methylglucoside prepared from this base were both different from the 
corresponding derivatives of epiglucosamine and the source of difference between the two 
compounds was sought. 

Formulation of epiglucosamine as a 3-amino-hexose was justified by the preparation 
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of a hydrazine derivative by treatment of the methylglucoside 2-chlorohydrin of Fischer 
with hydrazine. The halogen was replaced by a hydrazine residue in a manner analogous 
to the preparation of methyl epiglucosamine, but the product was not isolated. Removal 
of the methoxyl group from this substance by acid hydrolysis resulted in its condensation 


to give glycerylpyrazole : 
NH, 
H NH OH OH NH OH OH 
OHC: eee: CH,°OH = HC—C ee a CH,°OH 
HO 


The formation of this compound reveals the position taken up by the hydrazine and 
it is reasonable to assume that the amino-group is introduced in a similar manner. 

The difference between epiglucosamine and the new amino-compound of Freudenberg, 
Burkhart, and Braun is ascribed by them to a difference of configuration, and the probable 
configuration of the former is deduced from its method of formation as follows: In the 
methylglucoside 2-chlorohydrin the configuration of the third carbon atom is known, 
and the formation of the intermediate ethylene oxide compound does not involve any 
change in the bond between this carbon and its oxygen. Consequently the intermediate 
anhydro-compound must have the mannose configuration. Rupture of this ring with 
addition of one molecule of ammonia probably involves inversion at carbon atom 3, 
where the nitrogen enters, but not at 2. If this reasoning be sound, it leads to the 
formulation of methyl epiglucosamine as 3-aminomethylaltroside. 


CH,-OH HL es via -OH 
Hh OMe OMe 


wey “ ie Ly, 


The present aed was undertaken with the intention of suieies a synthesis 
of glucosamine by direct substitution of an amino-group into a suitable glucose derivative. 

A glucose derivative was desired having the hydroxyl in position 2 substituted by 
an acidic radical which could be replaced by an amino-group. 3: 4: 6-Triacetyl 6-methyl- 
glucoside (Brigl, Z. physiol. Chem., 1921, 116, 1; 1922, 122, 245) was therefore converted 
into 2-p-toluenesulphonyl 3 : 4: 6-triacetyl @-methylglucoside. This compound could 
be deacetylated with either sodium methoxide or methyl-alcoholic ammonia, giving 
2-p-toluenesulphonyl $-methylglucoside (Reynolds, J., 1931, 2627; 1933, 224). Both 
these compounds were crystalline and, on treatment with hot methyl-alcoholic ammonia, 
both yielded a syrup from which could be isolated the crystalline hydrochloride of an 
amino-methylhexoside. 

This hydrochloride bore a close resemblance to the methyl epiglucosamine hydrochloride 
of Fischer. Hydrolysis with either concentrated or dilute hydrochloric acid resulted in 
very little rotation change and no development of reducing power, although evaporation 
of the solution indicated that a reaction had occurred to give an anhydro-amino-compound 
similar to that described by Levene and Meyer (loc. ci#.). An osazone prepared under the 
conditions specified by these authors was shown by analysis to be the phenylosazone of 
an amino-hexose hydrochloride. The identity of these products with methyl epiglucos- 
amine and anhydroepiglucosamine respectively is beyond question. It is thus evident 
that the replacement of the #-toluenesulphonyl by an amino-group has involved a 
migration, probably via the formation of an anhydro-compound, as was observed by 
Ohle and Vargha (Ber., 1929, 62, 2435) in their study of the elimination of the #-toluene- 
sulphony] group from 6-p-toluenesulphonyl monoacetone glucose. 

Sodium methoxide did not remove the #-toluenesulphonyl group from 2-f-toluene- 
sulphonyl 3:4: 6-triacetyl 6- -methylglucoside under the conditions employed in the 
deacetylation. The formation of the amino-glucoside from this material almost certainly 
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involves the intermediate stage of an anhydro-compound, which is possibly, in view of 
the following evidence, the 2 : 3-anhydro-§-methylmannoside. The reaction may there- 
fore be represented as follows : 


CH,-OH CH,-OH CH,-OH 
O 
H 


B 
Cu 
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H |_6, OMe H | 6 OMe 
—e Keo en Ka iy 
H HO J H HO fH 
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The anhydro-amino-hexose obtained by hydrolysis of methyl epiglucosamine was 
assumed by Levene and Meyer (/oc. cit.), without evidence, to be a 1 : 2-anhydro-3-amino- 
compound. The only well-authenticated 1 : 2-anhydro-sugar derivative is the 3:4: 6- 
triacetyl 1 : 2-anhydroglucose of Brigl (loc. cit.); which is characterised by instability in 
presence of water. In striking contrast, the present anhydro-amino-compound is formed 
in aqueous solution and is stable. 

Removal of the amino-group from methyl efiglucosamine hydrochloride by means of 
silver nitrite or nitrous acid proceeded smoothly, as indicated by the rotation change. 
The product obtained from the action of silver nitrite was non-reducing and, on acetyl- 
ation, gave a syrup which was probably a tetra-acetyl methylhexoside. Methylation 
of the de-aminated product gave a syrup which was mainly a tetramethyl methylhexoside. 
Hydrolysis of the unsubstituted de-aminated material resulted in a rotation change to 
an equilibrium value which was in close agreement with the recorded rotation of altrose. 
The methylaltroside, tetra-acetyl methylaltroside, and tetramethyl methylaltroside are 
unknown. 

If Freudenberg’s deduction for the possible configuration of methyl epiglucosamine 
be assumed and the compound is actually 3-aminomethylaltroside, removal of the amino- 
group with nitrous acid will yield $-methylaltroside or 6-methylmannoside according as 
the reaction does not or does involve inversion at carbon atom 3. If the configuration 
of the second carbon atom in methyl epiglucosamine is not as in altrose and the amino- 
compound is actually 3-aminomethylgiucoside or 3-aminomethylalloside, de-amination may 
yield a methylalloside or a glucoside. No constants are recorded for allose, methylalloside, 
or tetra-acetyl or tetramethyl methylalloside. 

From the above evidence it is possible, therefore, that the action of nitrite on methyl 
epiglucosamine hydrochloride produced $-methylaltroside, but, as the identification of 
this material depends solely upon the rotation of its hydrolysis product, this conclusion 
must be regarded as tentative. 
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EXPERIMENTAL. 


2-p-Toluenesulphonyl 3:4: 6-Triacetyl 8-Methylglucoside.—p-Toluenesulphonyl chloride 
(12 g.) was added to a solution of 3 : 4 : 6-triacetyl 8-methylglucoside (10 g., prepared by Brigl’s 
method, /oc. cit., p. 245) in dry pyridine (30 c.c.). After 12 hours at 20°, the liquid and crystals 
were mixed with a large volume of water. The product, washed until free from pyridine 
and recrystallised from alcohol, formed fine colourless needles, m. p. 157°, [a]?’ + 1-5° in 
chloroform (c, 2-0); yield, 50% (compare Reynolds, J., 1931, 2627) (Found: C, 50-9; H, 5-7. 
Calc. for CygH,,0,,5: C, 50-6; H, 5-5%). 

2-p-Toluenesulphonyl $-methylglucoside was prepared from this substance by the method 
of Reynolds (J., 1933, 225). 

Methyl epiGlucosamine Hydrochloride.—This substance can be obtained equally well from 
2-p-toluenesulphonyl §-methylglucoside or from its triacetate, but, as the latter is more 
accessible, only the reaction with it need be described. The triacetate (2-0 g.) was dissolved in 
methyl alcohol (40 c.c.) saturated with ammonia at 0°, and heated in a sealed tube at 110° for 
18 hours. After cooling, the clear yellow solution was evaporated under diminished pressure 
to a syrup, which was heated at 100°/15 mm. for 2 hours. Much acetamide was thereby 
removed. The dark brown syrup was next dissolved in alcohol (20 c.c.}, and addition of ether 
to the cooled solution precipitated crystalline ammonium -toluenesulphonate (identity con- 
firmed by analysis). The filtered solution was evaporated to a syrup, which was again dissolved 
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in alcohol (10 c.c.). Dry hydrogen chloride, passed into the cooled solution, at once precipit- 
ated a crystalline product, which was washed with a little cold alcohol and recrystallised from 
methyl alcohol, giving colourless needles of methyl epiglucosamine hydrochloride (Fischer, Joc. 
cit.). This product was readily soluble in water, the solution containing ionised chlorine; 
m. p. 210—212° (decomp.), [«]}” — 145° in water (c, 0-9) (yield, 40%) (Found : C, 36-6; H, 7-4; 
N, 6-4; OMe, 13-0. Calc. for C;H,,0;NC1: C, 36-6; H, 7-0; N, 6-1; OMe, 13-5%). 

The reaction between methyl-alcoholic ammonia and 2-p-toluenesulphonyl 3: 4: 6-tri- 
acetyl 8-methylglucoside at 15° proceeds in 72 hours only so far as the formation of 2-p-toluene- 
sulphonyl ®-methylglucoside and may be utilised for the preparation of this substance 
(yield, 75%). 

Hydrolysis of methyl epiglucosamine hydrochloride with boiling hydrochloric acid of any 
concentration greater than 1% led to the formation of anhydroepiglucosamine hydrochloride, 
which was isolated by evaporation of the acid solution under diminished pressure (yield, 80%) ; 
m. p. 228° (decomp.) after darkening at 200°, [a]?%), — 184° in water (c, 0-7) (Found: C, 36-6; 
H, 6-4; N, 6-9. Calc. for C,H,,0,NCI: C, 36-6; H, 6-1; N, 7-1%). 

Hydrolysis of methyl epiglucosamine hydrochloride to epiglucosamine was effected by 
8 hours’ boiling with 0-5% hydrochloric acid. After cooling, sodium acetate, phenylhydrazine, 
and acetic acid were added and the mixture was heated at 100° for 3 hours. On cooling, the 
hydrochloride of epiglucosamine phenylosazone separated as a yellow crystalline mass; 
recrystallised from alcohol, it had m. p. 225—227° (decomp.) (Found: C, 54-7; H, 6-4; 
N, 17-5. Calc. for CjgH,,0,N;,HCl: C, 54-9; H, 6-1; N, 17-7%). 

Deamination of Methyl epiGlucosamine Hydrochloride —The hydrochloride (0-5 g.) in water 
(10 c.c.) was shaken with freshly recrystallised silver nitrite (0-6 g.) for 15 hours, and the 
silver chloride then removed and washed with a little water. The solution and washings were 
combined and diluted to 50 c.c. The rotation became constant 24 hours after the addition 
of the silver nitrite. The specific rotation at this stage was approximately [«]p — 52°, calcu- 
lated on the basis of complete conversion of the methyl epiglucosamine into a methylhexoside. 
The dissolved silver was next removed by addition of a very slight excess of hydrochloric 
acid. The filtrate was immediately neutralised with aqueous sodium hydroxide and evaporated 
under diminished pressure. A little inorganic impurity was removed by dissolving the syrup 
in alcohol. The product (0-25 g.) did not reduce Fehling’s solution until after hydrolysis with 
boiling hydrochloric acid. The hydrolysis product had [a]p — 100° (approx.) in water. 

The above deamination product (mainly methylhexoside) gave a syrupy tetra-acetyl deriv- 
ative when heated with acetic anhydride in the presence of anhydrous sodium acetate (yield, 
40%), [«]p — 22° in chloroform (Found: OMe, 8-8%). The product obtained by the deamin- 
ation of 2-5 g. of the aminomethylhexoside was methylated by methyl sulphate and sodium 
hydroxide in the usual way. After completion of the methylation by methyl iodide and silver 
oxide the product (1-2 g.) was distilled, giving a colourless mobile syrup (0-4 g.), b. p. 105°/0-2 
mm., »j%" 1-4586, [a]? — 47° in chloroform (c, 1-8), — 32° in water (c, 1-7). This consisted 
mainly of a tetramethyl methylhexoside, but it did not appear to be identical with any known 
fully methylated hexose (Found: C, 52-2; H, 9-1; OMe, 56-6. (C,,H,,O, requires C, 52:8; 
H, 8-8; OMe, 62-0%). The small yield of methylated product indicated that the deamination 
process had been accompanied by side reactions. 
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40. Isolation of a Crystalline Dimethyl Anhydromethylhexoside. 
Characterisation of 3:4: 6-Trimethyl Glucose. 


By W. N. Haworth, E. L. Hirst, and L. PAnizzon. 


THE introduction of methyl groups into 2-p-toluenesulphonyl £-methylglucoside proceeds 
readily with the formation of 2-p-toluenesulphonyl-3 : 4 : 6-trimethyl 8-methylglucoside, 
which is crystalline. The toluenesulphonyl group is resistant to hydrolysis with methyl- 
alcoholic ammonia or potassium hydroxide and is best removed by sodium methoxide : 
this leads to the isolation of crystalline 3 : 4 : 6-trimethyl 8-methylglucoside (1). Hydrolysis 
of the glucosidic group gave rise to 3 : 4: 6-trimethyl glucose (II), and this on oxidation 
yielded 3 : 4 : 6-trimethyl gluconolactone (III), which was found to be a 8-lactone. It gave 
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a crystalline phenylhydrazide and its behaviour on hydrolysis followed very closely that 
of other 8-lactones in the glucose series. 

The amide (IV) of the corresponding acid behaved as an «-hydroxy-amide and gave 
a positive Weerman reaction. It was degraded by sodium hypochlorite, and the product 
identified as 2 : 3 : 5-trimethyl d-arabofuranose (V). This was converted into the crystalline 
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2:3: 5-trimethyl d-arabonolactone (VI) (Avery, Haworth, and Hirst, J., 1927, 2308). 
When the «-hydroxy-group is present in a methylated sugar-amide, the Weerman reaction 
follows its normal course, as indicated by these and our earlier observations, and does not 
lead to cyclic urethanes (compare Pryde, J., 1931, 1298). 

De-acetylation of 2-p-toluenesulphonyl 3 : 4 : 6-triacetyl 6-methylglucoside in chloro- 
form with sodium methoxide at —10° produces 2-f-toluenesulphonyl 8-methylglucoside. 
At 0°, however, the same reagent eliminates the toluenesulphonyl residue and forms an 
anhydromethylhexoside. We were unable to isolate from this the pure form of the parent 
anhydro-sugar, but methylation of the anhydro-§-methylhexoside gave a crystalline 
dimethyl anhydromethylhexoside which has interesting properties calling for further ex- 
haustive study. If the scission of the toluenesulphonyl residue has involved a Walden 
inversion, it seems probable that the anhydro-group is situated at position 2:3. On the 
other hand, there are alternative positions possible such as 2: 6 or 3:6. Reviewing the 
evidence at present available, it would appear that the methylated anhydro-compound is 
dimethyl 2 : 3-anhydromethylmannoside. The high negative rotation of the hydrolysis 
product of the unmethylated anhydromethylhexoside suggests that the substance has 
passed into the altrose series. 

EXPERIMENTAL. 

2-p-Toluenesulphonyi 3 : 4 : 6-Trimethyl B-Methylglucoside.—2-p-Toluenesulphony] 6-methyl- 
glucoside (see preceding paper) was dissolved in the minimum volume of methyl alcohol and 
methylated with methyl iodide and silver oxide in the usual manner. After five such treat- 
ments the product was soluble in methyl iodide and after one further methylation gave the 
fully methylated 2-p-toluenesulphony! 3 : 4 : 6-irimethyl 8-methylglucoside, which after recrystallis- 
ation from ethyl acetate (or methyl alcohol) had m. p. 67°, [a]) — 16° in chloroform (c, 1-4) 
(yield, 70—75% of the theoretical) (Found: C, 52-1; H, 6-8; OMe, 31-1. C,,H,,0,S requires 
C, 52-3; H, 6-7; OMe, 31-8%). 

3:4: 6-Trimethyl B-Methylglucoside —After treatment with 18% methyl-alcoholic ammonia 
at 120° for 76 hours, the above fully methylated derivative was recovered almost quantitatively ; 
and removal of the toluenesulphonyl group was incomplete after 100 hours’ boiling with 5% 
methyl-alcoholic potassium hydroxide. 2-Toluenesulphonyl 3:4: 6-trimethyl (§-methyl- 
glucoside (2 g.) was dissolved in a 4% solution of sodium methoxide in methyl alcohol (50 c.c.) 
and boiled for 8—10 hours, water added to the turbid solution, and the product extracted with 
chloroform. 3:4: 6-Trimethyl ®-methylglucoside, which crystallised on evaporation of the 
solvent, was recrystallised from light petroleum (yield, 1-1 g.); m. p. 51°, b. p. 95°/0-04 mm., 
[a] — 20° in chloroform (c, 1-1) (Found: C, 51-2; H, 8-8; OMe, 52-1. Cy9H yO, requires 
C, 50-9; H, 8:5; OMe, 52-6%). 

3:4: 6-Trimethyl Glucose—When 3:4: 6-trimethyl $-methylglucoside was heated at 
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100° with 5% aqueous hydrochloric acid, the rotation altered steadily from [a]) — 15° (approx.) 
to a constant value + 62°, reached in about 2 hours. The solution was neutralised with barium 
carbonate and evaporated to dryness, and the product extracted with boiling chloroform. 
Removal of the solvent left 3: 4: 6-trimethyl glucose as a strongly reducing syrup which had 
[x]%., + 71° in water (c, 2-0) (Found : OMe, 38-0. C,H,,O, requires OMe, 41-9%). 

3: 4: 6-Trimethyl Gluconolactone—An aqueous solution of 3: 4: 6-trimethyl glucose (4-1 
g. in 25 c.c.) at 35° was oxidised by bromine (6 c.c.) for 17 hours, the excess of bromine removed 
by aeration, and the solution extracted several times with chloroform. The united chloroform 
extracts, dried over magnesium sulphate and freed from chloroform under diminished pressure, 
left a yellow syrup (2-3 g.), which gave on distillation 3: 4 : 6-tvimethyl gluconolactone (2 g.) 
as a colourless mobile syrup, b. p. 140°/0-1 mm., n}}" 1-4688, [a]3,, + 87° in water (c, 1-0) (Found : 
C, 49-2; H, 7-7; OMe, 41-4; M, by titration with sodium hydroxide, 223. C,H,,O, requires 
C, 49-1; H, 7-3; OMe, 423%; M, 220). When heated on the water-bath with the calculated 
amount of phenylhydrazine, the lactone gave quantitatively the crystalline phenylhydrazide 
of 3: 4: 6-trimethy] gluconic acid, m. p. 126° after recrystallisation from ethy! acetate (Found : 
C, 54-4; H, 7-6; N, 8-7; OMe, 29-0. C,,;H,,O,N, requires C, 54-8; H, 7-4; N, 8-5; OMe, 
28-5%). 

The rate of hydrolysis of 3: 4: 6-trimethyl gluconolactone in water was closely similar to 
that of other 8-lactones of the glucose series. The hydrolysis was followed polarimetrically : 
[a] + 87° (initial value, c, 1-0); 75° (30 mins.); 60° (1 hr.); 40° (2 hrs.); 29° (3 hrs.); 23° 
(4 hrs.); 19° (5 hrs.); 16° (6 hrs.); 15° (7 hrs., constant value). 

The calculated amount of sulphuric acid was added to an aqueous solution of sodium 3: 4 : 6- 
trimethyl] gluconate, and the rotation taken immediately: [«]#,, + 8° (c, 1-0, calc. as lactone; 
initial value); 9-5° (15 mins.); 11° (30 mins.); 12° (45 mins.); 13° (1 hr.); 14° (1-5 hrs.) ; 
14-5° (2 hrs.); 15° (3 hrs., constant value). From these figures it appears that at equilibrium 
the lactone and the acid are present in the proportion of 9% and 91% respectively. 

Action of Sodium Hypochlorite on 3:4: 6-Trimethyl Gluconamide.—3 : 4 : 6-Trimethyl 
gluconolactone (1-3 g.) was dissolved in dry methyl alcohol (10 c.c.) saturated with ammonia 
at 0°. After 45 hours at 15° the solution was evaporated, leaving a pale yellow syrup which 
failed to crystallise. Its analytical data indicated that it was mainly 3: 4 : 6-trimethyl glucon- 
amide but contained some of the corresponding ammonium salt (Found: C, 44-7; H, 8-2. 
C,H,,0,N requires C, 45-5; H, 8-1%). The syrup responded readily to Weerman’s test for 
a-hydroxy-amides, giving a copious precipitate of hydrazodicarbonamide when semicarbazide 
hydrochloride was added to a solution of the amide which had been treated with sodium hypo- 
chlorite under the conditions prescribed by Weerman. The syrupy amide (1-2 g.) was dissolved 
in water (15 c.c.) and to it was added a solution of sodium hypochlorite (11 c.c., prepared ac- 
cording to Weerman’s directions). The solution was kept at 0° for 30 minutes. Slight evolu- 
tion of gas was observed (decomposition). Sufficient hydrochloric acid was then added to 
render the solution slightly acid to Congo-red : evolution of carbon dioxide took place. The 
solution was heated to 40° and neutralised with barium carbonate, and the product extracted 
in chloroform. Removal of the solvent left a pale yellow syrup, which on distillation gave 
2: 3: 5-trimethyl d-arabofuranose as a colourless syrup (0-61 g.), b. p. 95°/0-04 mm., mf} 1-450, 
[a] + 45° in water (c, 1-0) (Found: OMe, 47-0. Calc. for C,H,,O;: OMe, 485%). The 
identity of this material was confirmed by its conversion (0-46 g.), on oxidation by the method 
described above, into crystalline 2: 3: 5-trimethyl d-arabonolactone (0-3 g.), b. p. 95—100°/ 
0-05 mm., nj" 1-4422 (superfused solid), m. p. 29° (alone or when mixed with an authentic speci- 
men of the same m. p.), [«]#, + 47° in water (c, 1-0), initial value, decreasing after about 
40 days to the constant value + 27°. 

De-acetylation of 2-Toluenesulphonyl 3:4: 6-Triacetyl 8-Methylglucoside and Preparation 
of an Anhydro-8-methylhexoside—When 2-toluenesulphony] 3 : 4 : 6-triacetyl B-methylglucoside 
(see preceding’ paper) is treated in chloroform solution at 0° with sodium methoxide, sodium 
toluenesulphonate separates and the product is an anhydromethylhexoside. To isolate the 
latter substance, the filtered chloroform solution is shaken with water and the aqueous extract 
neutralised with sulphuric acid. The neutral solution is evaporated to dryness (diminished 
pressure) and mineral impurities are removed by solution of the product in alcohol. The 
treatment with alcohol is repeated until on evaporation of the solvent an ash-free syrup is 
obtained. This syrup is non-reducing, contains no sulphur, and consists mainly of anhydro-f- 
methylhexoside. [a)%,, — 25° in water (c, 1-0), — 40° in ethyl acetate (c, 2-0) (Found : C, 47:0; 
H, 7-0; OMe, 17-0. C,H,,O, requires C, 47-7; H, 6-9; OMe, 17-6%). 

When heated with 5% aqueous hydrochloric acid at 95°, the anhydro-f-methylhexoside 
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was transformed into a strongly reducing, hygroscopic syrup, which was isolated after neutralis- 
ation of the hydrochloric acid with silver carbonate, and evaporation of the neutral solution 
to dryness. During the hydrolysis the rotation changed from [«]}#,, — 25° to — 77° (Found : 
C, 41-4; H, 5-9. C,H,,O, requires C, 44-4; H, 62%). The product was not further 
purified and may have contained free hexose. 

Methylation of the anhydro-8-methylhexoside was readily effected by methyl iodide and 
silver oxide. Two treatments were sufficient to give the fully methylated dimethyl anhydro- 
methylhexoside, which after recrystallisation from ether had m. p. 69°, [«]}m + 40° in ethyl 
acetate (c, 1-0), + 24° in water (c, 1-0) (Found: C, 52-7; H, 8-2; OMe, 44-1; M, by Rast’s 
method, 202. C,H,,O, requires C, 52-9; H, 7-9; OMe, 456%; M, 204). The fully methylated 
derivative was soluble in water, alcohol, ether, and ethyl acetate. It did not reduce Fehling’s 
solution, but on treatment with boiling 5% aqueous hydrochloric acid was converted into the 
corresponding strongly reducing dimethyl anhydrohexose (?), which, when isolated by the 
usual procedure, was obtained as a hygroscopic syrup. The amount of material was insufficient 
for a complete examination and details of its properties will be communicated later. During 
the hydrolysis the rotation changed smoothly in one hour from [a]? + 21° in dilute hydro- 
chloric acid (c, 1-0) to + 67°. 
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41. The Photochemical Union of Hydrogen and Chlorine. Part III. 
The Effect of Wave-length on Quantum Efficiency. Experiments 
with Dispersed Light. 

By J. B. BATEMAN and A. J. ALLMAND. 


In Part II (J., 1930, 2709), Allmand and Beesley described experiments which led them to 
the conclusions (i) that the quantum yield of the reaction reaches a maximum in the violet, 
and falls off at both longer and shorter wave-lengths, particularly at the latter, and (ii) 
that the reaction is definitely sensitive to light of wave-length 546 uy (the mercury green line). 
In the present paper we describe experiments which were made during the two sessions 
1928—1930 with the purpose of confirming or otherwise these rather unexpected results. 
As the consequence of an unfortunate, then unsuspected, defect in the monochromator 
used, the data obtained in the ultra-violet region were very misleading and, even after 
correction, are not as conclusive in detail as we could wish. Their discussion on this 
account will be curtailed. 

Work on this subject up to 1930 is summarised at the commencement of Part II. Since 
then, further papers have appeared. Hertel (Z. physitkal. Chem., B, 1931, 14, 443) finds 
the quantum yield in the banded spectrum region at 480—515 uz to be about one-seventh 
of that in the neighbouring continuum below 478-5 yy; Norrish and Ritchie (Proc. Roy. 
Soc., A, 1933, 140, 713) find yg5;5 : yao to be 1-06 (mean of five concordant results) for 
gaseous mixtures rich in oxygen; and Professor Bodenstein has informed us that experi- 
ments in his laboratory show the quantum yield to be independent of wave-length between 
250 and 500 uy. 

EXPERIMENTAL. 


Apart from the method of insolation, the apparatus and methods used were very similar to 
those employed by Allmand and Beesley (Part I, J., 1930, 2694), and only points of difference 
will be noted. The electrolytic gas generator electrodes were sealed in by means of a special 
cement, made by chlorinating naphthalene in presence of antimony trichloride, and sub- 
sequently extracting the product with hydrochloric acid and with distilled water. Three 
bubblers in series, instead of one, were interposed between generator and reaction vessel. The 
latter was the identical quartz cell used by Allmand and Beesley, but (i) provided with an 
additional entry for gas so arranged that, by turning a three-way tap, mercury-sealed and 
water-lubricated, the electrolytic gas could be either bubbled through the water layer on the 
bottom of the cell, or allowed to enter the cell above this level; (ii) connected with the glass 
parts of the apparatus by graded quartz—soda glass unions instead of mercury-sealed ground 
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joints; (iii) completely immersed in a copper thermostat provided with a quartz window, and 
suspended rigidly in position from an optical bench mounted above the thermostat. The latter 
was provided with a brass extension, into which was fixed a long horizontal glass tube about 
3cm.in diameter. The capillary indicating tube of the actinometer, of about 2 mm. bore and 
6 feet in length, was housed inside this tube, which also contained a 2-metre silvered-brass scale, 
graduated in mm., and clipped rigidly on to the capillary. Water was circulated through the 
thermostat and its extension by means of a pump, designed by Mr. H. N. Ridyard and provided 
with a mercury seal which effectually prevented any contamination of the thermostat water 
with oil from the pump bearings. There was no appreciable difference at any time between 
the temperature of the main thermostat and of the extension housing the actinometer 
capillary. 

Insolation was effected by either a quartz—mercury lamp (usually over-run at 4-6 amps. and 
60 volts) or a 2000 c.p. tungsten-filament lamp, in conjunction with a large-aperture quartz 
monochromator already described elsewhere (F. J. Perry, Trans. Optical Soc., 1932, 33, 159). 
The energy of any particular wave-length leaving the telescope slit was measured by means of 
a vacuum linear thermopile mounted behind the slit, a vernier potentiometer reading to 10° 
volt being used in the earlier work, and direct deflexions on a Broca galvanometer being em- 
ployed later. The beam passing through the plate at the rear of the thermopile chamber was 
strongly divergent, and was caused to traverse the thermostat window and cell by means of a 
pair of quartz lenses. 

In all cases, the relative amounts of absorbed energy were calculated from the thermopile 

readings (corrected for selective absorption in the vitreous silica end of the reaction vessel) 
and the known extinction coefficients of chlorine, as the lenses then available did not enable us 
to collect the whole of the beam on to a thermopile placed behind the cell. This method of 
work was the immediate cause of the erroneous conclusions originally (see Trans. Faraday Soc., 
1931, 27, 426) drawn with regard to the behaviour of the reaction mixture towards ultra-violet 
light; for the exit-window of the thermopile chamber, through which the light beam necessarily 
passed before entering the reaction vessel, was eventually found to consist of glass and not of 
quartz (see Nature, 1933, 131, 656). The result, of course, was that we observed no detectable 
reaction with light supposed to be of wave-lengths 254, 265, and 280 uy, and less reaction to 
varying degrees than corresponded to the true state of affairs between 289 and 334uy. The 
transmission of the glass plate has since then been determined photographically down to 280— 
284 wu, where it becomes negligible, and these figures have enabled us to make use, to some 
extent, of our data. Unfortunately, the relatively large error in measurement involved by 
working with such small actual intensities cannot be compensated for in this way. 
* In two or three respects, the results as a whole, experimentally considered, differed from 
those obtained by Allmand and Beesley. The changes in gas sensitivity during an experiment 
(loc. cit., p. 2702) were distinctly less marked in our case. This fact is very probably connected 
with another, viz., that our absolute values of quantum sensitivity were lower. Whereas they, 
in their definitive experiments, invariably had efficiencies of the order of 10°, only with our 
most sensitive gas mixtures did we reach this figure, and most of our measurements gave values 
of the order of 10°—10*. Our gases presumably contained more oxygen, and this may perhaps 
be connected with the fact that we did not employ the device of a slowly alternating current 
(loc. cit., p. 2695) in our gas generator. With our most sensitive gas mixtures, we noticed 
variations in sensitivity during an experiment, just as did Allmand and Beesley. 

On the other hand, all through our work we never succeeded in eliminating with certainty a 
slight degree of “ drift ’’ in the actinometer tube, i.e., the water meniscus tended to move slowly 
when the gas stream was cut off prior to illumination... This was traced to the taps (mercury- 
sealed and water-lubricated) between the generator and the photochemical cell (and partly 
remedied), and there is no doubt that some form of magnetically operated internal glass seal 
would have been an improvement. Needless to say, no measurements have been utilised in 
which “ drift ’’ was of any importance. There was never any trace of an induction period, 
and the Draper effect was always marked. 

As our standard of comparison, and when working with the quartz—mercury lamp, the re- 
action at 405 uz was taken. A set of measurements involved successively (a) drift reading if 
any, (b) reaction at 405 wy, (c) drift, (d) reaction at A, (e) drift, (f) reaction at 405 wy, (g) drift. 
If the apparatus were free from drift at the time, (a), (c), (e), and (g) were omitted. Energy 
(thermopile) readings were taken at convenient moments—if possible, during the intervals (¢) 
and (e), and nearly always during (a) and (g), i.e., immediately before and immediately after a 
series of readings. Close agreement was generally obtained. When using the metal filament 














Part III. 


lamp, the procedure was identical, except that the reaction at 430 uu was taken as the standard 
of comparison. 

The calculation of the results has followed on normal lines; 4% of the light transmitted by 
the chlorine is assumed to have been reflected back from the end plate into the gaseous mixture. 
The transmission of the empty reaction vessel has been measured between 254 and 436 uy. 
It varies with wave-length to an appreciably greater extent than would correspond to differences 
in reflexion losses. This is presumably due to selective absorption by the vitreous silica end- 
plates, and the corresponding correction—a small one—has been applied. Its effect and 
that of the glass plate correction are shown separately in the relevant table. 


. The Photochemical Union of Hydrogen and Chlorine. 159 


Results. 


Effect of Intensity with 313 up Light—Allmand and Beesley had investigated the effect of 
intensity with monochromatic light of wave-lengths 405 uy and 436 uy, and had shown that, 
over measured intensity ranges of 180: 1 and 440: 1 respectively, velocity and intensity were 
practically proportional under their experimental conditions. We thought it desirable to test 
the matter with ultra-violet light. Experiments were accordingly done in which the intensity 
at 313 uu was varied by putting in front of the collimator slit of the monochromator (a) a liquid 
filter consisting of layers of aqueous potassium chromate and of p-nitrosodimethylamine, (bd) 
a Noviol glass filter (G. 585), (c) both filters together. The results were as follows, comparison 
being made with the velocity and intensity obtained with the unweakened light. 


Relative 
velocity. 
0°484 
0°484 
0-276 
0°134 


Relative 
Filter. intensity. 
(a) 0°452 
0°463 
(b) 0-298 
(c) 07128 


Velocity /intensity. 
1-071 
1-045 | Mean 
0-926 | 1022 
1-047 


Effect of Wave-length on Quantum Sensitivity.—(i) Results with mercury vapour lamp. Meas- 
urements were made at the following wave-lengths—254, 265, 280, 289, 303, 313, 334, 366, 405, 
436, 492, and 546 uz. No reaction was observed with the first three lines, for the reason already 
given. A very slight but definite effect was found with 289 uy; it will be referred to later. 
For other reasons, the results at 492 and 546 py will also be treated separately. Table I con- 
tains the data for 303—436 uy, referred to 405 uy as unity. Cols. 2—7 contain, respectively, 
the number of comparisons actually made; the average ratio of the observed meniscus velocities 
for 405 uz and the wave-length concerned; the mean values of the relative quantum sensitivities 
without any correction; the fractional transmissions of the vitreous silica end-plate; the 
fractional transmissions of the glass plate; the corrected relative quantum efficiencies. Col. 
4 also shows (i) the average deviation of the separate figures from the mean value and (ii) the 
most probable error of the mean value. Similar figures are contained in col. 7. 


10 0-9 


.99 | 
0-99 | 


a 


+ 0045) 
+ 0-012) 


5. 6. 7 


0°81 


0°82 


0°84 


0°86 
0°87 
0°88 


0°88 
0°89 
0°89 


v6 (E98) 
one (Fag 
vss (F523 
o-s4 [+ O43} 
1-00 

o08 (2 Sot 


One further result may be mentioned. A single direct comparison was made in an early 
experiment between 313 and 366 uy, and an uncorrected value of 0-49 obtained for Ya1a > Ysee- 
Application of the above corrections gives a ratio of 0-98, about 10% higher than that 


corresponding to Table I. 


There is no doubt that any effect of wave-length on quantum yield in this region is far 


smaller than was originally thought. 


This is confirmed by the result of the comparison between 
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289 uu and 405 wy referred to above. This experiment was carried out under very favourable 
conditions (complete absence of “ drift ’’) and the reaction in the weak 289 uy light, although 
very small (0-9 cm. in 131 minutes), was unmistakable. The uncorrected relative value of y was 
about 0-05, which becomes 1-6 when corrected. The possible error in estimating the fraction 
of 289 up light passed by the glass plate is very large (we have taken the transmission as 3%) 
and that in estimating the velocity considerable; one can only conclude that y is of the same 
order as at longer wave-lengths. : 

The probable error in the figure given for 303 uy (Table I) is also seen to be very high, and 
this raises the question as to whether the apparently definite fall off in quantum efficiency in- 
dicated in the table when passing from the visible to the ultra-violet region is real. It is true 
that the correction applied at 313 wy is uncertain, the transmission—wave-length curve for the 
glass plate being very steep in this region. On the other hand, this does not apply at 334 or 
at 366 uy, and we find it difficult to interpret our experiments otherwise than in the obvious 
sense indicated by the results. It may be added that, whilst we are quite unable to confirm 
the marked maximum value of y found by Allmand and Beesley at 405 yy, and can only assume 
some serious error in the filter used by them, their relative figures for 313, 366 and 436 uy 
(viz., 1-00: 1-08: 1-41 : : 0-74: 0-80: 1-04) are similar to ours, viz. 0-74 : 0-84 : 0-98. 

The experiments at 492 wy presented a special interest, inasmuch as the wave-length lies 
just beyond the convergence limit of the chlorine banded spectrum (478-5 wy). A perfectly 
definite reaction was found with sensitive gas mixtures. Experiments using a Noviol glass filter 
(38 H; transmission 0-00 at 436 up; 0-57 at 492uyn; 0-80 at 546 uy) showed that, if this 
reaction were due to stray 405 or 436 wy light, the latter would necessarily form an impossibly 
high proportion of the total radiation issuing from the telescope slit adjusted to 492 wy. This 
was confirmed later, when the latter was photographed by means of a small Hilger quartz 
spectrograph. The amount of stray light was found to be exceedingly small, certainly not 
more than 0-25% of the total radiation in the beam. 

Quantitatively, the results were surprising. Making full allowance for the small amount of 
‘ drift,” and working with gases of very constant sensitivity (as shown by the uniform reaction 
rates in 405 wy), the relative quantum efficiencies were found to be low initially, certainly less 
than unity compared with 405 uy (figures of 0-59, 0-69, 0-68, and 0-26 were observed, the last 
with a very low incident intensity). Then, however, they progressively increased, finally reaching 
values in the region of 8, which remained remarkably constant over long periods of insolation. 
If, whilst these values were still rising, the light were cut off for an interval, they were found to 
have fallen somewhat on re-illumination; but when the maximum figure had been reached, 
dark periods had no such effect. We emphasise the fact that the figures quoted are relative 
values; the observed velocities in 405 wy remained constant, or practically so. As mentioned 
above, the gases were highly sensitive. The maximum observed velocities in 492 uu were only 
about 2% of those found in 405 uu; the lowest velocities, corresponding to what might be 
imagined to be a normal quantum sensitivity ratio, were of the order of 0-1%. These 
observations were made towards the end of the work, and we were unable to follow them up 
at the time. Qualitatively, some kind of resonance action might perhaps be expected in this 
region (cf. Mecke, Trans. Faraday Soc., 1931, 27, 369), but the magnitude of the effect is quite 
inexplicable. 

With 546 uy, using high intensities and sensitive gas mixtures, a perfectly definite reaction 
was also obtained. This was also the case when using, in addition, either of two Noviol glass 
filters, with respective transmissions: (i) 579uy 0-90; 546 uy 0-89; 4360-02; 405 uy 0-00, 
and (ii) 546 up 0-79; 492 up 0-59; 436 uu 0-00. »The actual velocities observed with this ray 
were about 0-1% of those given by 405 uy. The relative quantum efficiencies were between 
0-53 and 0-81, the mean figure being 0-70. There was some slight evidence of a rise in this 
ratio during the course of an experiment, but such an effect, if present, was far less pronounced 
than with 492 uy. 

(ii) Results with a continuous light source. In these measurements, the light energy from the 
telescope slit is, of course, not strictly monochromatic and, at any given setting of the mono- 
chromator, the energy distribution across the slit will depend on the wave-length range embraced 
by it and by the image of the collimator slit, as also on the energy distribution in the light source. 
The somewhat complex calculations necessary, unsuitable for reproduction here, will be omitted. 
With the larger pair of slit widths employed in the first series of measurements (collimator 
0-075 cm., telescope 0-0254 cm.), the wave-length range embraced by the issuing light varied 
from 12-4 uy at 400 wy, through 15-7 uy at 430 uy, to 30-6 uy at 540 uu. In the second series of 
measurements, collimator and telescope slit widths were both halved, with a corresponding 
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increase in the monochromatism of the light employed, accompanied by a halving of its in- 
tensity. The wave-length settings employed ranged between 400 and 540 uy. Some meas- 
urements were carried out down as far as 350 pp, but, in consequence of low intensities and 
velocities, neither of which could be accurately measured, they are not included. Qualitatively, 
they point to a decrease in y as frequency increases, and, to this extent, are in agreement with 
the data in Table I. A single experiment at 550 uy gave definite evidence of reaction, but 
disturbance during the measurements made it impossible to calculate the relative quantum 
efficiency. The results, referred to 430 uy as unity, are contained in Table IT. 


TABLE II. 


Setting of Setting of 
mono- mono- 
chromator, chromator, 
Series 2. Mean. BE. Series 1. Series 2. Mean. 
-— . 1-01 480 114; 1-11 0°86 1-04 
— ‘ . 490 1:13; 1:28; 1:00 0°75 
— g j 500 0°88; 0°89; 0°71 0°72 
1:00 . . 510 0°71; 0°96 
1-03; 0°99 . ‘ 520 0°72; 0°46; 0°38 
1:07; 1°13; 1:09 ’ : 530 0°46; 0°10 
1-03 ; . 540 0°41 
1:04; 1°15 ‘ 

Except for the absence of any anomalous effect in the region of 490 up, these results in general 
confirm those obtained with the mercury lamp in the same wave-length region. In particular, 
it would seem (i) that y is independent of 4 over the range 400—500 yy, and (ii) that light in 
the region of the 546 wu mercury line is definitely active, but with a reduced efficiency. Dis- 
cussion of these results, as of those in the earlier sections of the paper, will be postponed, pending 
the publication of other completed data, obtained by a different technique. 


SUMMARY. 


Under the prevailing experimental conditions : 

(1) The rate of photochemical union of hydrogen and chlorine fn monochromatic light 
of wave-length 313 uz was proportional to the intensity. 

(2) The quantum yield was independent of wave-length between 400 and 490 py. 

(3) The quantum yield was of the same order as in (2) between 400 and 290 uy; it 
appeared to fall off by 10—20% when passing from the visible to the ultra-violet region. 

(4) The quantum yield gradually fell off when passing from 490 yy to longer wave- 
lengths. A definite reaction was found in the region of 540—550 pu. 

(5) Anomalous observations were made when using monochromatic mercury lamp 
radiation of 492 uy. 
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Both authors are indebted to Imperial Chemical Industries Ltd. for grants from which the large 
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acknowledge the help received in various ways from Messrs. E. P. Davey, R. C. Johnson, 
H. N. Ridyard, and D. W. G. Style. 
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42. Chemical Constitution and the Dissociation Constants of Mono- 
carboxylic Acids. Part I. Some Substituted Phenylacetic Acids. 


By J. FREDERICK J. Dippy and FRANK R. WILLIAMS. 


THE concepts underlying the application of electronic considerations to physico-organic 
problems have been based partly upon data of dissociation constants of organic acids and 
bases, the bulk of which were obtained by simple experimental means, and the use of 
Ostwald’s method of deducing the constant. If electronic concepts are to be supported 
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and supplemented more accurately, it is necessary to employ modern experimental 
technique and to calculate from the data so obtained the “true’’ or thermodynamic 
dissociation constants by use of the Debye—Hiickel-Onsager equation. In this series of 
investigations the dissociation constants of a number of monocarboxylic acids are being 
determined, and in order to cover an adequate field it has been necessary to employ methods 
which are expeditious but nevertheless reasonably accurate. 

The calculation of the “ true ’’ dissociation constant of an electrolyte from conductivity 
data has followed the procedure advocated by Davies (Trans. Faraday Soc., 1927, 28, 351; 
“The Conductivity of Solutions,” 1933, pp. 101—104; cf. Wolfenden, Ann. Reports, 
1932, 29, 28). The value of Az, the sum of the mobilities of both ions in a solution of 
concentration C, is derived from the Onsager equation for an aqueous solution at 25°, 
viz., Az = Ag — (0-2771 Ay + 59-78) Ci, by means of Banks’s approximation, A: = 
V Ao? — 2b(AgAC)* (J., 1931, 3341), where A and A, are the equivalent conductivities at 
concentration C and at infinite dilution respectively, and } is the Onsager slope. The 
true degree of ionisation A/Az is next evaluated, and hence C; and Cz, the true con- 
centrations of ions and undissociated molecules respectively; by substitution in the 
equation log C2/Cu = log K + 2A*/C;j, the true dissociation constant, K, is then deduced. 
The value assigned to A, however, is the Debye—Hiickel constant 0-505, and not the 
value of approximately 0-4 derived by Davies originally (Phil. Mag., 1927, 4, 244). During 
the last year, strong evidence has been adduced in favour of the former value (Hall, 
J. Amer. Chem. Soc., 1932, 54, 831; MacInnes and Shedlovsky, zbid., p. 1429), and Davies 
has in consequence accepted it (zbid., p. 1698). 

The mobilities of the anions have been determined from conductivities of solutions of 
the sodium salts, prepared from specimens of the solid salts wherever possible. The 
equivalent conductivity at infinite dilution is evaluated (as suggested by Dr. C. W. Davies, 
private communication) by plotting ~/C against uncorrected equivalent conductivity 
and also against equivalent conductivity to which the ‘“‘ normal” water correction has 
been applied; a straight line drawn between the curves so obtained is taken to represent 
the Onsager slope, the intercept of which on the A axis gives Ag. At least two values of 
Ag are derived for each salt (see Table I). The sodium and hydrogen mobilities accepted 
for this work are 50-10 and 349-72 respectively (MacInnes, Shedlovsky, and Longsworth, 
ibid., p. 2758). The average values of Ay for the acids, calculated on this basis, are also 
given in Table I. 

The following are the mean values of the “ classical ’’ or ‘‘ Ostwald’ and the “ true” 
or “‘ thermodynamic ”’ dissociation constants, extracted from Table II. Values of the 
former found by earlier workers for three of the acids are included in brackets. 


Acid. K x 105 (class.). K x 10° (therm.). 
5°03 [5°56,1 5°02,? 4°88 





Phenylacetic 


Diphenylacetic 
p-Chlorophenylacetic 
p-Bromophenylacetic . 
p-lodophenylacetic 6°74 
p-Nitrophenylacetic 14°6 [10°4 5] 
1 Ostwald, Z. physikal. Chem., 1889, 3, 241. 
2 Dittrich, cited by Stohmann and Schmidt, J. pr. Chem., 1896, 58, 345. 
* White and Jones, Amer. Chem. J., 1909, 42, 520. 
4 


Verkade, Diss., Delft, 1918. 
5 Basterfield and Tomecko, Canadian J. Res., 1933, 3, 447. This very low constant can largely 


be attributed to the abnormally high value of 414°18 for Ag (acid) used by these workers in their 
calculations. For acids of this type A, invariably approximates to 380; recalculation of their results 
upon the basis of our A, value gives a mean constant of 12°94 x 10-, although the individual values 


for the constant still show a great disparity. 


The dissociation constants of further phenylacetic acids will be the subject of a second 
communication, and the combined data will then be discussed in the light of the electronic 
theory of valency and of the relationship observed by Nathan and Watson (J., 1933, 
p. 890) between the strength of an acid CH,X-CO,H and the dipole moment of CH,X. 
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EXPERIMENTAL. 


Measurement of Conductivity.—The bridge wire was of the straight metre type, provided 
with extension coils of about 4} times the resistance of the wire. The variable resistance was 
a carefully calibrated, low-inductance Cambridge instrument (no ponderable correction was 
necessary) of the four-dial type, possessing a total resistance of 1111 ohms and capable of 
adjustment to 0-1 ohm. Two such instruments were available. When the resistance in the 
cell exceeded 2000 ohms a fixed resistance of 1000 ohms was inserted in parallel (cf. Shedlovsky, 
J. Amer. Chem. Soc., 1932, 54, 1411). The symmetrical alternating current was generated 
by a Cambridge oscillator, adjusted to a frequency of 1000 c./sec., shielded in a metal-lined 
box connected to earth and situated at a convenient distance from the apparatus. The attain- 
ment of almost complete silence in the telephones (120 ohms) at the balance point indicated the 
absence of appreciable inductance and capacity effects in the circuit, and hence rendered 
unnecessary the use of a balancing condenser in the cell arm of the bridge. 

The wire was calibrated for certain convenient points by means of the two Cambridge 
resistances inserted in the Wheatstone bridge circuit. In order to determine the point of 
balance during measurement of the resistance of a solution, the wire contact was fixed at one 
of the calibrated points and the Cambridge instrument used as the variable resistance. This 
method proved more satisfactory than the usual one of moving the sliding wire contact; 
moreover, a lengthy calibration of the wire was avoided, all that was needed before conducting 
each experiment being an examination of the resistance ratios for the specified points. 

The cells were of the symmetrical bottle type somewhat similar in principle to those adopted 
by Ives and Riley (J., 1931, 1998). They were of about 30 c.c. capacity and were made in Jena 
glass 16 III. The platinum electrodes were spaced 2 cm. and 1 cm. apart in the case of the 
sodium salt cells, and 1 cm. and 0-5.cm. in the case of the acid cells. The last electrodes (0-5 cm.) 
had an area of 4-5 sq. cm., and were supported by glass struts to ensure their rigidity; the 
area of each of the other electrodes was 3-25sq.cm. The cells were cleaned with nitric-chromic 
acid mixture, steamed thoroughly, and filled with conductivity water. The electrodes were 
platinised black in the usual manner, freed from impurity by the means suggested by Findlay 
(‘‘ Practical Physical Chemistry,” 1931), and finally allowed to stand with conductivity water 
which was changed frequently. The leads were of copper wire anfalgamated at the ends. 
They were connected to mercury cups immersed in the thermostat, and thence to the bridge 
as suggested by Washburn (J. Amer. Chem. Soc., 1916, 38, 2431). 

For the cell-constant determinations Parker and Parker’s specific conductivities of potassium 
chloride (ibid., 1924, 46, 312) were employed. ‘‘ A.R.” Potassium chloride was recrystallised 
twice from conductivity water, dried in a platinum dish at 100°, fused in an electric furnace, 
cooled, and stored in a clean glass vessel in a desiccator. The constant of the cell possessing 
electrodes 0-5 cm. apart was derived by the “‘ intermediate cell ’’ method (see Davies, op. cit., 
p. 60). All constants were checked at frequent intervals, but no perceptible changes were 
recorded. The conductivity of the water used in general routine was x = 1-2—1-3 gemmho; 
this was measured in a cell possessing bright platinum electrodes. The water thermostat was 
regulated to 25°, as recorded on a standardised thermometer. 

The sodium salts were made in solution by treating the acids with equivalent quantities of 
sodium hydroxide (alcohol-crystallised ‘“‘ A.R.’’ material). An approximately 0-01N-sodium 
hydroxide solution, made from water of known conductivity, was standardised by means of 
oxalic acid with phenolphthalein as indicator. The alkali was added from a Grade A burette 
until within about 2 c.c. of the end-point, titration being completed from a standardised pipette 
capable of being read to 0-0i c.c., and the end-point reading being taken as that immediately 
preceding the first drop to give the colourchange ; in all cases, one minute’s drainage was allowed. 
To prepare a solution of the desired sodium salt the calculated amount of sodium hydroxide 
was added to a convenient weight of the acid contained in a weighed dry flask, calibrated to 
200 c.c. at 25°; this was then placed in the thermostat and made up to the mark with further 
conductivity water at 25° (the specimen of water used throughout the preparation of any one 
solution was of known conductivity). The flask was next removed, dried, kept in the balance 
case for 20 minutes, and weighed; in this way the concentration of the solution was obtained 
in terms of wt./vol. and wt./wt. A portion of the prepared solution was always tested with 
indicator, no colour change taking place; upon the addition of a drop of diluted sodium hydr- 
oxide solution, however, the pink colour appeared. 

To a number of weighed dry flasks calibrated to 100 c.c. at 25°, various quantities (approx. 5— 
60 c.c.) of the initial sodium salt solution were added ; the flasks were then reweighed, and made up 
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to the mark at 25°, a number of successively dilute solutions of known concentration (wt. /vol.) 
being thereby obtained. The sodium salts of phenylacetic, diphenylacetic, and p-bromo- and 
p-iodo-phenylacetic acids were isolated as solids by evaporating the initial salt solution to 
crystallisation in a platinum basin over a steam-bath (in the attempted preparation of sodium 
p-nitrophenylacetate the material repeatedly turned dark brown at this stage), cooling it, 
pouring off the supernatant liquid, and washing the crystals with absolute alcohol. This 
procedure was repeated twice, then the salt was dried at 110° in an air-oven and stored in a 
desiccator. A satisfactory sodium analysis was made upon each salt. Conductivity measure- 
ments made upon solutions prepared, on the one hand, from the solid salt, and, on the other, 
by proceeding without isolation of the salt, gave results in excellent agreement (cf. Kendall, 
J., 1912, 101, 1275). 

Solutions of the acids ranging from approximately 0-01N to 0-0002N were prepared by 
the same method of dilution as for the sodium salts. With diphenylacetic acid, which is very 
sparingly soluble, it was necessary to make up 500 c.c. of initial solution in order to permit of 
weighing a substantial quantity of the acid. 

The balances employed were sensitive to 0-0001 g. The flasks were of Pyrex glass, and after 
being cleaned were seasoned for six months with conductivity water. Silk was used in the 
handling of all glass apparatus during weighing operations. 

Conductivity measurements of both acids and salts were made upon each solution successively 
with diminishing concentration. The cell was prepared for each successive solution by first 
being drained and then kept with conductivity water; it was then rinsed, and kept in the 
thermostat with sufficient solution to cover the electrodes; this was repeated twice. The 
conductivities of the last two additions neither differed noticeably nor altered on standing for 
4hour. A method of filling similar to this has been described by Ives and Riley (J., 1931, 1998) 
and Ives (J., 1933, 731). No water correction was applied to the acid measurements. 

Preparation of Materials.—p-Nitrophenylacetic acid, prepared by nitration of phenylacetic 
acid (Borsche, Ber., 1909, 42, 3596) and repeatedly crystallised from water containing a trace 
of acetone, had m. p. 152° (Found: equiv., 182. Calc.: 181). 

p-Chlorophenylacetic acid was obtained by a method similar to that employed by Petrenko- 
Kritschenko (Ber., 1892, 25, 2239), further details being desirable. p-Nitrophenylacetic acid 
(40 g.) was reduced by heating with stannous chloride (160 g.) and concentrated hydrochloric 
acid (400 c.c.) in alcohol (320 c.c.) for 3 hours on a steam-bath. The solution was evaporated, 
treated with sodium hydroxide solution, and filtered. The filtrate was then slightly acidified, 
cooled to — 10°, and diazotised with 25% sodium nitrite solution. The product was added to 
hot cuprous chloride solution (10%) with stirring, steam distilled, and the residue extracted 
with ether. The solid (5-5 g.) obtained by evaporation of the dried ethereal solution yielded, 
upon repeated recrystallisation from water (charcoal), white needles of p-chlorophenylacetic 
acid (1-1 g.), m. p. 105° (Found: Cl, 20-7. Calc. for C,H,O,Cl: Cl, 20-8%). Petrenko- 
Kritschenko (/oc. cit.) did not isolate the acid but von Walther and Wetzlich (J. pr. Chem., 
1900, 61, 195) give m. p. 105°. 

p-Bromophenylacetic acid was prepared by hydrolysing p-bromobenzyl cyanide. Benzyl 
chloride (56 c.c.) was kept with bromine (28 c.c.) and iodine (0-5 g.) in the cold for 24 hours. 
The product was washed with 15% sodium carbonate solution and water, dried (sodium 
sulphate), and fractionated. The fraction of b. p. 220—250° yielded p-bromobenzyl chloride 
(55 g.; 60%) as white needles, m. p. 50°, b. p. 238° (Found: Cl, 16-7; Br, 39-9. Calc. for 
C,H,CIBr: Cl, 17-3; Br, 38-9%) (Boeseken, Rec. trav. chim., 1904, 23, 99, gives m. p. 41°, 
b. p. 236°; Errera, Gazzetta, 1888, 18, 239, gives m. p. 38—39°). 

p-Bromobenzy] chloride (6 g.) in alcohol (20 c.c.) was. boiled under reflux for 3 hours with 
aqueous sodium cyanide (7 c.c. of 50% solution); the resulting oily layer was washed with 
water, and upon standing set to p-bromobenzyl cyanide, m. p. 47° (Lowery and Jackson, 
Amer. Chem. J., 1881, 3, 247, give m. p. 47°). Hydrolysis of the cyanide with sulphuric acid 
gave p-bromophenylacetic acid (4-5 g.), m. p. 114° (Lowery and Jackson, Joc. cit., give m. Pp. 
114°; Robson, Proc. Univ. Durham Phil. Soc., 1912, 4, 225, gives m. p. 114—115°). 

Small quantities of p-bromophenylacetic acid were prepared by direct bromination of 
phenylacetic acid (Bedson, J., 1880, 37, 94), and by the diazotisation method ; poor yields were 
obtained in each case. Satisfactory mixed melting points were derived from all specimens. 

p-lodophenylacetic acid was obtained from p-nitrophenylacetic acid by reduction and 
diazotisation, as for the preparation of the p-chloro-acid. To the diazotised solution potassium 
iodide was added in the presence of copper powder. The product was steam distilled, the 
residue extracted with ether, and the resulting black mass recrystallised first from benzene- 
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Dissociation Constants of Monocarboxylic Acids. 


TABLE I, 
Mean Ay 
(acid). Acid. 
380°3 p-Bromophenylacetic ... 
Diphenylacetic 75°4*; 75°4* 375°0 p-Iodophenylacetic 83°0*; 83-4 382°8 
p-Chlorophenylacetic 83°2 ; 83°6 383°0 p-Nitrophenylacetic 781; 78:2; 783 377°8 
* These values were obtained with solutions prepared from specimens of solid salt. 


Mean Ag 
Ay (Na salt). (acid). 


82°8 ; 83°2* 382°6 


Acid. 
Phenylacetic 


Ag (Na salt). 
80°7* ; 80°7* 


TaB_eE II. 


Kx10®° Kx105 Cell 
(class.). (therm.). constant. 


10°xC Kx10e Kx108 
(equivs./l.). A. (class.). (therm.). 
Diphenylacetic acid. 


Cell 10°xC 
constant. (equivs. /l.). A. 
Phenylacetic acid. 


071381 


0°07293 


0°1381 
0°07293 


071381 
0°07293 


071381 
0°07293 


0°07293 


0°07293 


29°21 

13°17 
7-715 
3°560 
1-761 
1-310 
6-536 
4:109 
3°107 
2°119 
1-001 
0°5636 
7°425 
3°699 
2-202 
1-479 


15°45 
22-60 
29°33 
42:27 
59°14 
66-66 
32:31 
40°30 
45-09 
54°62 
75°97 
97°52 
30°44 
42:21 
52-98 
63°68 


5-02 
4-94 
4°97 
4-95 
5-04 
4°88 
5°16 
5°16 
4-96 
5°10 
4:99 
4-99 
5°17 
5°13 
4°97 
4-98 


p-Chlorophenylacetic acid. 


3°610 
2-412 
1-116 
0°6243 
3°971 
2-078 
1-206 
0°8582 
0°3754 
4-064 
1154 
0°6186 
0°4758 


48°62 

61°66 

82°12 
104°9 


47°01 
62°77 
80°58 
93°26 
130°7 


46°29 

80°17 
105°4 
117°4 


6°66 
6°62 
6°53 
6°43 
6°82 
6°68 
6°74 
6°73 
6°63 
6°75 
6°40 
6°46 
6°44 


p-lodophenylacetic acid. 


1-217 
06277 
0°3843 
0-2213 
0°1256 


0°6080 
0°3634 
0°3207 
0°2134 
0°1979 


0°4948 
0°2874 
0°1979 
0°1259 


81°04 
107°1 
129°8 
159°7 
195°9 
108-7 
132°6 
139°5 
162-1 
167°6 
118°5 
145°5 
167°6 
194°9 


6°92 
6°82 
6°68 
6°61 
6°73 
6°84 
6°68 
6°71 
6°63 
6°74 
6°87 
6°69 
6°74 
6°65 


cebcecacaa 
SE SSSESS 


6°33 
6°60 
6°50 
6°60 
6°59 
6°53 
6°53 
6°28 
6°35 
6°35 


6°76 
6°70 
6°58 
6°53 
6°67 
6°72 
6°57 
6-60 
6°55 
6°66 
6°75 
6°60 
6°66 
6°59 


0:07207 


0:07293 


0:07293 


0°07293 


0°07293 


071381 
0°07293 


0°1381 
0°07293 


0°1381 


0°2774 
0°2479 
0°2076 
0°1793 
0°1461 
0°1006 


0°3283 
0°2898 
0°1886 
0°1516 
0°1127 


0°2840 
0°2482 
0°1700 
0°09806 
0°08305 


0°2359 
0°2177 
0°1872 
0°1192 


177°8 
184°8 
193-4 
203-2 
217°0 
239°3 


168°3 
175°8 
201°5 
2)5°4 
234°1 
174°7 
1849 
206°5 
244-0 
251°1 
186-2 
192-7 
199°7 
229°6 


11-9 
11°9 
11°4 
11°5 
11°6 
11:3 
12-0 
12-0 
11°8 
11°8 
11-7 
11°5 
11°9 
11°5 
11-9 
11°3 
11°6 
11°8 
11°4 
11°5 


p-Bromophenylacetic acid. 


2°875 
1-529 
1-089 
0°4120 
0°1839 
2°289 
0°8128 
0°5675 
0°4198 
1-806 
1-166 
0°7049 
0°5509 


54°62 

71°91 

83°56 
126°6 
170°6 


59°85 
95°30 
109°3 
126-0 
66°51 
80°37 
100°3 
1111 


p-Nitrophenylacetic 


4971 
2-415 
1-986 
1-348 
0°9926 
7°163 
3°220 
2-268 
1425 
0°4894 
5-982 
2°724 
2-032 
1°243 


60°02 
82°83 
89°02 
105-9 
117°9 
50°61 
72°95 
84°65 
101°8 
157°6 
55°20 
78°29 
88°12 
107°4 


6°83 
6°65 
6°63 
6°74 
6°60 
6°64 
6°71 
6°49 
6°65 
6°60 
6°51 
6°57 
6°54 


acid. 
14:9 
14°9 
14°4 
14°7 
14°1 
14°9 
14°9 
14°7 
14°2 
14°6 
14:9 
14:7 
14°4 
14°0 


11:7 
11-7 
11°3 
11°4 
11°5 
11-2 
11°8 
11°8 
11°6 
11°6 
11°6 
11°4 
11°8 
11°4 
11°8 
11-2 
11-4 
11-7 
11-2 
11-4 


6°63 
6°48 
6°49 
6°64 
6°52 
6°45 
6°58 
6°37 
6°54 
6°41 


14°3 
14°4 
14:0 
14°3 
13°8 
14:2 
14:3 
14:2 
13°8 
14°3 
14:3 
14:3 
14:0 
13°8 


light petroleum (b. p. 80—100°) and then from water (charcoal); the p-iodophenylacetic acid 
formed white needles (10% over-all yield), m. p. 135—136° (Found: equiv., 262. Calc. : 
262). Mabery and Jackson (Ber., 1878, 11, 55) give m. p. 135°. 




















166 Jeffery and Vogel: 


Phenylacetic and diphenylacetic acids were both purchased. 
All specimens of acids were finally purified further by recrystallisation three times from 
conductivity water, and stored for a prolonged period in a vacuum desiccator before use. The 
soundness of this procedure was proved in the case of p-chlorophenylacetic acid where a 
subsequent series of recrystallisations resulted in no change in conductivity results. 


The authors express their thanks to Dr. H. B. Watson for his helpful advice and criticism, 
and to Imperial Chemical Industries, Limited, for a grant. 


THE TECHNICAL COLLEGE, CARDIFF. (Received, November 28th, 1933.] 








43. The Dissociation Constants of Organic Acids. Part VIII. 
Phenylacetic Acid. 


By GeorGE H. JEFFERY AND ARTHUR I. VOGEL. 


THE true dissociation constant of acetic acid is now known with some accuracy (1-764 x 
10°, Part VII, J., 1933, 1637; 1-753 x 10-5, MacInnes and Shedlovsky, J. Amer. Chem. 
Soc., 1932, 54, 1429), but this acid, being liquid, and therefore difficult to prepare and 
keep in a state of purity, is not well suited for use as a standard in work involving a 
knowledge of this constant. A more suitable substance is phenylacetic acid, which is 
cheap, can be easily obtained in a state of high purity, and is fairly soluble in water. 
The conductivity of the acid, prepared by two distinct methods, over the range 0-0002— 
0-01N, has therefore been measured in silica cells, and that of the sodium salt in Pyrex 
cells over the same concentration range. The only previous determinations of conductivity 
are those on the acid by Ostwald (Z. physikal. Chem., 1889, 3, 270) and by White and 
Jones (Amer. Chem. J., 1909, 42, 520; 1910, 44, 159) which must be regarded as 
approximate. 

The results have been calculated as described in previous papers of this series (see 
Experimental). The mobility of the phenylacetate ion is 34-7, and the mean value of the 
thermodynamic dissociation constant is 4-884 x 10-5. The classical dissociation constant 
increases with rise of concentration, although the rate of increase at high concentrations 
is not so marked as in the more dilute solutions (see Table II); the mean value over the 
range 0-003—0-0LN is 5-068 x 10°. 

A new series of standard buffer solutions is being prepared (and will shortly be 
described) with phenylacetic acid and its sodium salt. Since Prideaux and Ward use 
5-4 x 10° for the dissociation constant of this acid in their universal buffer (J., 1924, 
125, 424), their pg values require recalculation. 


EXPERIMENTAL. 


Preparation of Materials —Phenylacetic acid; specimen 1. Kahlbaum’s phenylacetonitrile, 
b. p. 112—114°/20 mm., was hydrolysed by refluxing with 15 times its weight of 18N-sulphuric 
acid for 6 hours, and the resultant acid recrystallised from benzene-light petroleum (b. p. 
100—120°) ; m. p. 76°5—77°. Specimen 2. The commercial acid, m. p. 75—77°, was converted 
into the ethyl ester, b. p. 116—118°/20 mm., and the latter hydrolysed by refluxing for 12 
hours with excess of alcoholic potassium hydroxide. The alcohol was distilled off, the acid 
precipitated by dilute sulphuric acid, and recrystallised twice as before; m. p. 76°5—77°. 

Sodium Phenylacetate —This was prepared by adding the calculated quantity of a standard 
solution of A.R. sodium hydroxide to a weighed quantity of the acid (ex nitrile), evaporating 
to a small bulk, and precipitating with alcohol. The salt was redissolved in water and, after 
concentration, reprecipitated with alcohol. This process was repeated twice (Found: Na, 
14-52. Calc.: 14-56%). Owing to the hygroscopic character of the salt, the stock solution 
was prepared by weighing the solid directly into a large Pyrex weighing bottle containing a 
little conductivity water (compare benzenesulphonic acid, J., 1932, 411). 

The general technique and apparatus employed was that described in earlier papers of this 
series. Four cells of the Hartley and Barrett type, two of silica, R (0-02586,) and Q (0-02674,), 
and two of Pyrex, S (0-03422,) and V (0-02781,), were used; the figures in parentheses are the 
corresponding cell constants. All the measurements were carried out at 25° + 0-01°. 
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Solvent Correction.—No correction was applied to the acid solutions. For the sodium sait 
the solvent correction was calculated as follows. A normal solvent correction was first applied, 
i.e., the specific conductivity of the water used was subtracted from the observed specific 
conductivity. This gave A," = 82-52 = A, + 109-1C%%4, and a preliminary value for the 
limiting mobility of the phenylacetate ion of 32-7, and A, for the acid = 348-0 + 32-7 = 380-7. 
Using the latter figure and the results for Run 1 on the acid, a preliminary value for Kejass, = 
5-123 x 10° was obtained. The hydrogen-ion concentrations of the solutions were then 
calculated by means of the formula (9) (Part VII, J., 1933, 1639); Kg was the preliminary 
value of the dissociation constant of the acid, and K,, the primary dissociation constant of 
carbonic acid, was 4-54 x 10-5 (MacInnes and Belcher, J. Amer. Chem. Soc., 1933, 55, 2630). 
The combined solvent and hydrolysis correction was applied by means of equation (11) (loc. 
cit.); A, was the preliminary mobility of the anion, Ay. the mobility of the hydrogen ion 
(348-0), Aoy that for the hydroxyl ion (210-8, see Jeffery and Vogel, Phil. Mag., in the press), 
and Aygo, that for the bicarbonate ion (46-9). 

The results are tabulated below. For the sodium salt (Table I) x is the specific conductivity 


TABLE I. 
Sodium Phenylacetate (M = 158-05). 


Ag" = A, + 134°3 C%527; A." = 84:49. 

Ay? = Ac + 133°9 C®5; Ao? = 84°60. 
Raion. (EE) XO. Acces, is Rat GIG. Ajcem- [tt X10". Rae Ae Acalc.: 

Run l. CellS. «=0°742. Run 2. Cell V. «=0°746. 

81:50 10:2 84-20 — — 2511 8132 911 83°29 — 
80°85 7°58 81°84 84°59 81°77 7599 80°67 6°03 81-42 84°46 81°49 
79°75 3°01 80°17 84°34 80°40 11°48 80°08 4°21 80°63 84°41 80°77 
79°39 1:39 79°67 84°33 79°83 22°52 79°05 1:02 79°21 84°60 79°24 
78°50 0°74 78°52 84°81 78°37 35°70 78°19 0°63 78:19 (85°07) 77°95 
78°03 0°52 78°03 (85°61) (77°45) 47°61 7762 0°46 77°62 (85°62) (76°81 
77°31 0°42 77°31 (86°15) (76°03) 67°49 76°80 0°32 76°80 (86°42) — 
76°51 0°29 76°51 (87°08) (74°45) 99°98 75°88 0°20 75°88 (87°72) — 


TABLE ITI. 


Phenylacetic Acid at 25° (M = 136-06). 
Cx 104. Ae. Kass. X 10°. ce” X 108. Ae. K’x 10°. Kinerm. X 10°. 
Run. 1 Specimenl. CellQ. «= 0°806. 
3°469 119-53 (4°920) 10871 381°38 4°962 (4°844) * 
10°41 75°21 (5°001) 2°0539 381-03 5-051 4°885 
18°31 58°38 (5°026) 2°8064 380°80 5:079 4°885 
35°32 43°15 5-060 4°0059 380°42 5°124 4891 
51-03 36°29 5°068 4°8705 380°18 5°139 4°882 
66°18 32-06 5-071 5°5848 379°99 5°147 4:872 
86°88 28°15 5°072 6°4392 379°74 5°155 4°870 


Run 2. Specimen l. Cell R. x= 0°740. 

2-120 145°13 (4°909) 0°8064 381°48 4°950 (4°848) 
5°737 97°12 (4°949) 1-4612 381-23 4:994 (4°855) 
14-22 65°51 (5°028) 2°4456 380-91 5-080 4°898 
26°29 49°49 5°061 3°4184 380°61 5°110 4°894 
43°68 39°04 5°060 4°4841 380°29 5°130 4°884 
60°01 33°61 5°074 5°3191 380-06 5°160 4891 
75°69 30°09 5°078 5°9955 379°87 5°158 4°872 
104°1 25°81 5°086 70782 379°59 5°176 4°872 


Run 3. Specimen 2. CellQ. «= 0°746. 

2-916 128-54 (4°950) 0°9825 381-40 4993 4°879 
16°29 61°61 (5°033) 2°6353 380°85 5°086 4°898 
21-68 64°01 (5°027) 3°0758 380°70 5°085 4°882 
30°77 46°03 5°060 3°7223 380°50 5°123 4898 
39°65 40°89 5-069 42626 380°35 5°135 4°894 
62°40 32-99 5074 5°4169 380-03 5°157 4°885 
92°56 27°31 5°076 6°6574 379°70 5227 4°888 


Mean 5-068 Mean 4°884 
* The values in parentheses were not employed in the calculation of the mean. 





Rule, Pursell, and Brown : 


TABLE III. 
Equivalent conductivities at round concentrations. 
Cx 104. CH,Ph:CO,H. CH,Ph:CO,Na. Cx 104. CH,Ph:CO,H. CH,Ph°CO,Na. 
2-0 135-0 — 50-0 36-52 77°50 
5-0 104-0 82-06 60-0 33°66 77-09 
10°0 79°8 80°95 70°0 30°89 76°83 
20-0 55°32 79°47 80-0 29°41 76°42 
30°0 46°51 78°53 90°0 27°67 76°16 
40-0 40°74 77-98 100-0 25°95 75°88 


of the water used, Ayorm, is the equivalent conductivity after application of a normal solvent 
correction, [H*] is the hydrogen-ion concentration of the solution, Aggr, is the conductivity 
corrected by equation (11) (Part VII, /oc. cit.), C is the concentration in g.-equivs. per litre, 
and A 9” is the value of A, calculated by means of the “‘ ””’ formula, the constants of which are 
given at the head of the table. The values of A,* and x deduced from the equation A,’ = A, + 
xC*5 are also indicated at the head of the table; ‘‘ x” calc. is 79-2 and A = 42-8% (cf. J., 
1931, 1720). 

For the acid (Table II), c’’ x 10* is the ionic concentration corresponding to the molecular 
concentration C calculated as described in Part VI (J., 1932, 2837), two approximations being 
sufficient, A, was obtained from the relationship A,CH,Ph*CO,H = AHCI — ANaCl + 
ACH,Ph:CO,Na, K’ is the dissociation constant computed from the corresponding degree of 
dissociation « = A,/A,, and Kyperm, is the thermodynamic dissociation constant deduced from 
the equation log Kinerm. = log K’ — 1-010 c’’®5, 

The values of the equivalent conductivity at round concentrations (Table III) were inter- 
polated from the A,—-C graph drawn with a flexible spline. 

Correction.—The footnote in J., 1933, 1642 refers to the total concentration of un-ionised 
carbonic acid; the concentration of the bicarbonate ion must be added in order to obtain the 
total concentration of carbon dioxide in the water. The corrected values of the latter and the 
corresponding specific conductivity of the water are :— 


«x, gemmMho ........0006 0-2 0-4 08 10 
CETTE esccdisessenemmnes 0°108 0-329 1117 16 


Equation (7) on p. 1639 (loc. cit.) should read : 
(H*] = H, + (s — H,‘)/H,(2pH, + 9). 
The authors thank the Royal Society and Imperial Chemical Industries for grants. 


WooLwicH PotyTEcuHNic, Lonpon, S.E. 18. 
UNIVERSITY COLLEGE, SOUTHAMPTON. (Received, December 4th, 1933.] 





44. Derivatives of 8-Bromo- and 8-Chloro-1-naphthoic Acids and their 
Orientation by Dehalogenation and Decarboxylation. 


By H. Gorpon RuLE, WILLIAM PuRSELL, and (in part) RoBERT R. H. Brown. 


Tue task of orienting derivatives of the peri-halogenated naphthoic acids has now been 
much facilitated by the discovery that the 8-halogenated naphthoic acids may be 
dehalogenated to the corresponding naphthoic acids in good yields (generally 55—75%) 
in boiling toluene containing copper-bronze. Halogen atoms or nitro-groups attached 
to other points in the molecule remain unaffected, with the probable exception of halogen 
ortho to carboxyl (compare Hurtley, J., 1929, 1870). In this reaction the required 
hydrogen appears to be derived from the carboxyl group by interaction with copper, since 
the latter rapidly loses its metallic lustre and no displacement of halogen by hydrogen was 
observed with the corresponding esters or salts, in which no carboxylic hydrogen is available. 
In various test experiments with different solvents, these were recovered unchanged : there 
is thus no question of the solvent acting as a hydrogen donor as in the reactions examined 
by Lesslie and Turner (J., 1932, 281). 

The process, often found advantageous, of eliminating carbon dioxide by boiling acids 















ee —_— ee 


oe A a - 














—_— DO © WD Ke ECU 


wn 











Derivatives of 8-Bromo- and 8-Chloro-\-naphthoic Acids, etc. 169 


of this type with dry quinoline in the presence of copper-bronze (Shepard, Winslow, and 
Johnson, J. Amer. Chem. Soc., 1930, 52, 2084; Davies, Heilbron, and Irving, J., 1932, 
2715) proved ineffective when applied directly to acids containing halogen in the peri- 
position to carboxyl and was therefore employed after dehalogenation. By the application 
of one or both of these reactions it is an easy matter to determine the orientation of a 
substituted 8-halogeno-l-naphthoic acid by converting it into a simpler naphthalene 
derivative of known structure. 

On treatment with nitric acid the 8-bromo-acid passes into 8-bromo-5-nitro- and thence 
into 8-bromo-4 : 5-dinitro-1-naphthoic acid. The conversion of the latter compound into 
4 : 5-dinitro-1-naphthoic acid and, by loss of carbon dioxide, into 1 : 8-dinitronaphthalene 
confirms the structure proposed for the dinitro-l-naphthoic acid of m. p. 265° by Ekstrand 
(J. pr. Chem., 1888, 38, 263), who found it among the nitration products of «-naphthoic acid. 





Br CO,H Br | CO,H CO,H 
CO-QO-CO- SS OS*00 
NO, NO, NO, NO, NO, NO, 


Ekstrand’s nitration of 8-chloro-1 oe acid (loc. cit.) was repeated, yielding a 
chloronitro-acid which on dehalogenation with copper-bronze was converted into 5-nitro- 
l-naphthoic acid. The nitration product is thus 8-chloro-5-nitro-l-naphthoic acid. 

Earlier attempts to eliminate carbon dioxide from the dinitronaphthoic acid by heating 
the compound above its melting point proved unsuccessful, and in the hope of obtaining 
information as to the position of the second nitro-group an examination was made of the 
comparative reactivities of the halogen atom in 8-bromo-, 8-bromo-5-nitro-, and 8-bromo- 
dinitro-naphthoic acid. The acid (0-05 g. of the bromo-acid or equivalent proportions of 
its nitro-derivatives) was dissolved in 10 c.c. of methyl alcohol, and 0-2 g. of copper-bronze 
added, followed by 10 c.c. of standardised sodium methoxide solution. Liberated bromide 
was titrated with silver nitrate and ammonium thiocyanate. The following figures 
indicate the percentage conversion /.1to methoxy-acid effected by boiling the solutions for 
15 minutes (65°) : Sodium methoxide, 0-115N : 8-Bromo-acid, 34-89%; 8-bromo-5-nitro- 
acid, 74-7%. The following determinations with the bromo- and the bromodinitro-acid, 
carried out at a much later date with a different sample of copper-bronze, illustrate the 
manner in which the catalytic influence varies with the sample of catalyst employed; 
despite the higher concentration of alkali, the bromo-acid reacted much more slowly : 
Sodium methoxide, 0-231N : 8-Bromo-acid, 16-8%; bromodinitro-acid, 84-8%. 

It appears that the introduction of a nitro-group into position 5 increases the reactivity 
of the bromine atom, and that two such groups, in positions 4 and 5, produce a still greater 
effect. These results are in general agreement with those of Salkind (Ber., 1931, 64, 289), 
who found that the halogen in 1-bromonaphthalene was much more strongly activated by 
two nitro-groups in positions 4 and 5 than by either of these groups separately. 

The bromination of 8-bromo-l-naphthoic acid in a sealed tube at 150° led to the form- 
ation of 5 : 8-dibromo-l-naphthoic acid, identical with the compound prepared by Gold- 
stein and Francey from 5-bromonaphthastyril (Helv. Chim. Acta, 1932, 15, 1362). Further 
interaction was accompanied by loss of carbon dioxide and production of a neutral solid, 
which appeared to be a mixture of tribromo- and tetrabromo-naphthalenes, although 


Br CO,H Br +6) H CO,H 


a oe OO 
69 
no pure compound could be isolated. The structure of the 5 : 8-dibromo-acid was con- 


firmed by partial debromination to give 5-bromonaphthoic acid. 
N 
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EXPERIMENTAL. 


8-Bromo-1|-naphihoic Acid.—A solution of naphthalic acid (50 g.) and sodium hydroxide 
(31 g.) in 1200 c.c. of hot water was filtered, and heated under reflux while yellow mercuric 
oxide (55 g.), dissolved in warm glacial acetic acid (40 c.c.) and water (150 c.c.), was added. 
The whole was made distinctly acid with acetic acid (a light brown suspension formed) and 
boiled for 96 hours until evolution of carbon dioxide ceased. A test portion dissolved com- 
pletely in aqueous sodium hydroxide and deposited no mercury on a clean copper wire. The 
cold liquid was filtered, and the precipitate washed with water, alcohol, and ether (compare 
Leuck, Perkins, and Whitmore, /. Amer. Chem. Soc., 1929, 51, 1831). 

The hydroxymercuri-compound (94 g.) thus obtained was suspended in a mixture of 300 c.c. 
of glacial acetic acid and 50 c.c. of water cooled externally with ice, and a solution of 34 g. of 
bromine in 150 c.c. of concentrated aqueous sodium bromide added slowly with efficient stirring 
during 2—3 hours. After being slowly heated to 90°, the mixture was poured with stirring 
into 3 1. of cold water. The solid precipitate was boiled out with successive quantities (3 1.) 
of water until no more acid was deposited by the cold filtrate. Yield, 37 g.; m. p. 169—172°. 
A final crystallisation from benzene gave 33 g. of pure acid, m. p. 177—178° (57% of the 
theoretical yield, based on the naphthalic acid used). Alternatively * the reaction mixture 
after bromination may be poured into 3 1. of boiling water, boiled for a further 5 minutes, and 
filtered. The filtrate on cooling deposits 30 g. of crude acid and an additional 12 g. is obtained 
by extracting the solid residue on the filter-paper twice with 3 1. of boiling water. The crude 
acid in this case contains a little dibromo-acid, but is obtained pure after two recrystallisations 
from benzene. Yield, 33 g. 

The actual yield obviously varies with the purity of the naphthalic acid employed. The 
crude bromo-acid obtained from 46 g. of pure naphthalic anhydride (B.D.H. product, m. p. 
272—273°) weighed 53 g. and had m. p. 171—172° with softening at 158°. After crystallisation 
from benzene this gave 40 g. (68% of the theoretical) of pure acid, m. p. 177° with slight softening 
at 170°. 

Ethyl 8-bromo-1-naphihoaie separates from light petroleum in colourless plates, m. p. 52° 
(Found: C, 55-7; H, 4-0. C,,;H,,O,Br requires C, 55-9; H, 3-9). 

8-Bromo-5-nitro-1-naphthoic Acid.—The bromo-acid (10 g.) was mixed with concentrated 
nitric acid (15 c.c.) and maintained at 65° with occasional shaking. After 3—4 hours the 
mixture was poured into 50 c.c. of water. The precipitate obtained separated from alcohol 
as a yellow powder, m. p. 245°, practically insoluble in benzene, ligroin or toluene, soluble in 
cold alkali and in hot acetone or alcohol (Found: N, 4:9. C,,H,O,NBr requires N, 4-7%). 

The position of the nitro-group was established by boiling the acid (0-5 g.) for 1 hour in 
decalin containing copper-bronze (0-5 g.) in suspension. The cold liquid was shaken with 
aqueous sodium hydroxide, and the extract on acidification deposited 5-nitro-1-naphthoic acid ; 
recrystallised from aqueous alcohol, this had m. p. 238°, alone or mixed with an authentic 
specimen, 

Methyl 8-bromo-5-nitro-l-naphthoate separated from light petroleum in aggregates of rod- 
shaped crystals, m. p. 97° (Found: N, 4-3. C,,H,O,NBr requires N, 4-5%). The ethy/ ester 
was deposited from acetone in highly twinned prisms, m. p. 103° (Found: N, 4-4. ©,3H,,.O,NBr 
requires N, 4-3%). 

8-Chloro-5-nitro-l-naphthoic acid was prepared from 2-5 g. of 8-chloronaphthoic acid and 
3 c.c. of fuming nitric acid (compare Ekstrand, Joc. cit., p. 170). It crystallised from alcohol 
in rhombic leaflets (1-25 g.), m. p. 225—-226°. Ekstrand records m. p. 227°. On dehalogenation 
with copper-bronze in boiling toluene for 3 hours, this acid gave 5-nitro-l-naphthoic acid, 
confirmed by mixed melting point. 

8-Bromo-4 : 5-dinitro-1\-naphthoic Acid.—This was obtained from 7-5 g. of the mononitro- 
acid and a mixture of 3 c.c. of concentrated sulphuric acid, 4 c.c. of concentrated nitric acid, 
and 4 c.c. of fuming nitric acid. The reaction mixture was heated for 6 hours at 100°, poured 
into water, and kept over-night. The separated bromodiniiro-acid (5 g.) was first purified by 
deposition from aqueous alcohol (3:1); m. p. 238—240° (decomp.). From hot acetone- 
benzene it was then thrown out by the addition of light petroleum in aggregates of needles, 
m. p. 249—252°. For the following purposes the crude acid (9 g.) was more readily purified by 
boiling out impurities with benzene (15 c.c.). The insoluble acid was filtered off and washed 
with light petroleum. As so obtained, it was a powder, m. p. 250-—252° (decomp.), the tint 


* A more rapid method suggested by Dr. L. A. Bigelow. 
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of which varied inexplicably from greyish-white to yellow (Found: N, 8-1. C,,H,O,N,Br 
requires N, 8-2%). 

The methyl ester separated from alcohol in colourless plates, m. p. 155° (Found: N, 8-0. 
C,,H,O,N,Br requires N, 7-9%), and the ethyl ester in prisms, m. p. 127—128° (Found: N, 7-7. 
C,;H,O,N,Br requires N, 7-6%). 

Attempts to decarboxylate the bromo-dinitro-acid by use of copper-bronze to give 1-bromo- 
4: 5-dinitronaphthalene gave a mixture of products which could not be purified, but the 
position of the nitro-groups was proved in the following manner, as well as by the synthesis 
from acenaphthenequinone described in the succeeding paper. 

The acid (2 g.) was first dehalogenated by boiling it vigorously for 7 hours in toluene (15 c.c.) 
containing copper-bronze (2 g.) in suspension. The recovered acid (1-3 g.) was purified from 
aqueous alcohol (animal charcoal), forming a buff-coloured microcrystalline powder (0-7 g.), 
m. p. 257—259° (decomp.) (yield, 45%). Pure 4: 5-diniivo-\-naphthoic acid melts at 265° 
(Found: N, 10-8. C,,H,O,N, requires N, 10-7%). Ethyl 4 : 5-dinitronaphthoate, precipitated 
from hot benzene solution by addition of light petroleum, formed yellow needles, m. p. 143— 
144° (Found: N, 9-8. C,;H,O,N, requires N, 9-7%). Ekstrand (loc. cit., p. 256) records 
m. p. 143°. 

The dinitronaphthoic acid (0-5) in dry boiling quinoline (1 c.c.) was treated carefully with 
copper-bronze (0-25 g.). Carbon dioxide was evolved, and heating maintained for 15 minutes. 
The cooled mixture was extracted with ether, and the extract washed in turn with mineral acid 
and aqueous alkali. After removal of the ether, and recrystallisation of the residual neutral 
solid (0-15 g.) from benzene, colourless crystals of 1 : 8-dinitronaphthalene were obtained, m. p. 
166—169°, and 167—-169° in admixture with purified 1 : 8-dinitronaphthalene (m. p. 169°). 

5 : 8-Dibromo-1l-naphthoic Acid.—This was obtained in 57% yield by heating the 8-bromo- 
acid (2 g.), glacial acetic acid (5 c.c.), and bromine (0-7 c.c.) in a sealed tube at 150° for 2 hours. 
The resulting acid, after separation from a small amount of neutral product and several 
recrystallisations from alcohol, formed colourless microcrystalline plates which had a reddish- 
brown tint in bulk. M. p. 232° (Goldstein and Francey, Joc. cit., record m. p. 227-5°). 

The dibromo-acid was boiled in toluene solution with copper-bronze. The recovered acid 
separated from alcohol in colourless needles (0-25 g.), m. p. 257°, and 258° in admixture 
with 5-bromo-1-naphthoic acid (m. p. 260°). 


SUMMARY. 


1. The orientation of a substituted 8-halogeno-l-naphthoic acid may be determined 
by (a) dehalogenation by boiling the acid in toluene solution with addition of copper- 
bronze, followed if necessary by (6) decarboxylation in boiling quinoline with the aid of 
copper-bronze. 

2. The 8-halogeno-l-naphthoic acids are nitrated first in position 5 and eventually in 
the 4 : 5-positions. Halogenation only occurs readily in position 5. 


The authors desire to thank Imperial Chemical Industries for a grant and materials, the 
Carnegie Trust for a Teaching Fellowship (to H. G. R.), and me Department of Scientific and 
Industrial Research for a Scholarship (to R. R. H. B.). 
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45. Constitution of Dinitroacenaphthenequinone and of Dinitro- 
naphthalic Acid. Preparation of a New Dinitronaphthalene. 


By H. Gordon RULE and RoBert R. H. Brown. 


WHEN acenaphthenequinone is nitrated, the reagent first attacks one of the free pert- 
positions to form the 3-nitro-compound (Rowe and Davies, J., 1920, 117, 1349; Mayer 
and Kaufmann, Ber., 1920, 53, 296). More vigorous treatment yields a dinitro-compound, 
described as the 3: 4-derivative by Mayer and Kaufmann, who compared the melting 
point of the dinitronaphthalic anhydride obtained from it on oxidation with that of the 
corresponding anhydride prepared by direct oxidation of 5 : 6-dinitroacenaphthene. The 
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anhydrides were found to melt unsharply at about 310° and the proof of their identity 
was apparently not regarded as entirely conclusive (compare pp. 292, 298). In this 
respect, however, the results of Rowe and Davies were more definite. 

Naphthalic anhydride on nitration forms first a 3-nitro-derivative (Graebe and Briones, 
Annalen, 1903, 327, 84) and then a dinitro-compound, in which the position of the second 
nitro-group has not yet been established. 

The present communication deals with the oxidation of mono- and di-nitroace- 
naphthenequinones to the corresponding naphthalic anhydrides by the method of Rowe 
and Davies (loc. cit.), followed by mercuration and bromination. This treatment leads to 
the isolation of 8-bromo-4-nitro-l-naphthoic acid and of 8-bromo-4 : 5-dinitro-l-naphthoic 
acid (see preceding paper) respectively, thus confirming the structure given to dinitro- 
acenaphthenequinone by the above authors. 


On AO. 
¢O--CO co CO Br CO,H co-CO co CO Br CO,H 
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Similarly, the successive application of mercuration and bromination to 3-nitro- 
naphthalic acid, followed by dehalogenation with copper-bronze in boiling toluene, led to 
the formation of 8-bromo-3-nitro-l-naphthoic acid and of the known 3-nitronaphthoic 
acid. The mercuration compound prepared from dinitronaphthalic acid, when treated 
with bromine, gave 8-bromo-3 : 6-dinitro-1-naphthoic acid, and when heated with hydro- 
chloric acid was hydrolysed to 3 : 6-dinitro-l-naphthoic acid. The structure of the last 
two acids was proved by boiling the original dinitronaphthalic acid with quinoline and 
carefully adding copper-bronze. Under these conditions decarboxylation occurred, with 
formation of the previously unknown 2 : 7-dinitronaphthalene in 27% yield. The latter, 
on reduction with tin and hydrochloric acid, was converted into 2 : 7-diaminonaphthalene, 
which in this way becomes for the first time a comparatively readily accessible compound. 
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EXPERIMENTAL. 


Bromonitronaphthoic Acids from Acenaphthenequinone.—Acenaphthenequinone was mono- 
nitrated, and the product oxidised to 4-nitronaphthalic anhydride (Rowe and Davies, /oc. cit.). 
The latter compound (10 g.) gave 15 g. of dry mercuration product (Leuck, Perkins, and 
Whitmore, J. Amer. Chem. Soc., 1929, 51, 1835), which were suspended in 150 c.c. of glacial 
acetic acid at 0° and slowly treated (during 1 hour) with bromine (5-8 g.) dissolved in 40 c.c. 
of concentrated aqueous sodium bromide. After being heated at 90° for 15 minutes, the 
yellow-brown solution was poured into 500 c.c. of cold water. The brownish product (6 g.), 
m. p. 130—170°, after six recrystallisations from acetic acid, gave 0-5 g. of a yellow crystalline 
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bromonitronaphthoic acid, m. p. 201—203°, readily soluble in alcohol, acetic acid, or acetone 
(Found: N, 4-7. C,,H,O,NBr requires N, 4:7%). As 8-bromo-5-nitro-l-naphthoic acid 
melts at 247° (see previous paper), the compound, m. p. 201—203°, must have the only alter- 
native structure compatible with that of the initial material, and is therefore 8-bromo-4-nitro- 
l-naphthoic acid. A mixture of these two acids melted several degrees below 200°. 

Dinitroacenaphthenequinone was oxidised to dinitronaphthalic anhydride (Rowe and 
Davies, Joc. cit.). The latter compound (10 g.), dissolved in a hot solution of 3 g. of sodium 
hydroxide in 200 c.c. of water, was mixed with a hot solution of 7-5 g. of yellow mercuric oxide 
in 30 c.c. of water, to which 10 c.c. of glacial acetic acid had been added. The mixture was 
made distinctly acid with glacial acetic acid (a yellow suspension formed) and boiled under 
reflux for 100 hours. The dark mercuration product was washed with water, alcohol, and 
ether, and dried. Yield, 11 g. 

The mercuri-compound was suspended in 150 c.c. of glacial acetic acid and brominated as 
described above, with 4 g. of bromine. Crystallisation of the bromo-compound from acetic 
acid (animal charcoal) and eventually from concentrated nitric acid gave yellow crystals (2 g.), 
m. p. 248—252° (decomp.) (27% yield). The product was identical with the 8-bromo-é4 : 5- 
dinitro-1-naphthoic acid prepared by direct nitration of 8-bromonaphthoic acid (see preceding 
paper); mixed m. p. 248—252°. 

By way of further confirmation the dinitromercuri-compound, when heated with concen- 
trated hydrochloric acid, gave colourless needles of 4 : 5-dinitro-1-naphthoic acid, m. p. and 
mixed m. p. 265° (see preceding paper). 

Bromonitronaphthoic Acids from Naphthalic Anhydride.—Resublimed naphthalic anhydride, 
m. p. 270—271°, was converted into 3-nitronaphthalic acid (Graebe and Briones, /oc. cit.), and 
the latter mercurated. The mercuration compound (15 g.), on treatment with bromine (6 g.) 
as described above, gave a yellow acid (9 g.), m. p. 200—225°. This was apparently a mixture 
of isomerides, which after several recrystallisations from acetic acid gave colourless micro- 
crystalline plates (3 g.), m. p. 240—242°, unchanged by further crystallisation (Found : N, 4-9. 
C,,H,O,NBr requires N, 4-7%). The initial material employed might be expected to lead to 
the formation of either 8-bromo-3-nitro-1-naphthoic acid or the 6-nitro-isomeride. Of these 
two structures, the former was established by boiling the acid (0-5 g.) for 2 hours with toluene 
in the presence of copper-bronze. This treatment yielded a nitronaphthoic acid (0-2 g.), m. p. 
268—269°. Leuck, Perkins, and Whitmore (J. Amer. Chem. Soc., 1929, 51, 1833) record 
3-nitronaphthoic acid, m. p. 270-5—271-5°, and 6-nitronaphthoic acid, m. p. 227°. 

Methyl 8-bromo-3-nitro-1-naphthoate, prepared by use of thionyl chloride, deposited from 
ligroin in crystals, m. p. 173°, only sparingly soluble in cold ether or benzene (Found: N, 4-6. 
C,,H,O,NBr requires N, 4-5%). The ethyl ester (from ligroin) had m. p. 155—156° (Found : 
N, 4:3. C,3H,O,NBr requires N, 4-4%). 

Dinitronaphthalic acid, m. p. 208—210°, was obtained from naphthalic anhydride in 67% 
yield by the method of Francesconi and Bargellini (Gazzetta, 1902, 32, 94). The acid (10 g.) 
gave 12-5 g. of the mercuri-derivative (1-5 g. of initial material recovered), which was bromin- 
ated with 4-5 g. of bromine. The product, crystallised from acetic acid (at first with addition 
of animal charcoal), gave colourless microcrystalline plates (2-5 g.) of 8-bromo-3 : 6-dinitro- 
l-naphthoic acid, m. p. 273—-275°. The acid dissolves readily in cold acetone, and in hot alcohol, 
acetic acid, or benzene. It has a very bitter taste (Found: N, 8-3. C,,H,O,N,Br requires N, 
82%). The methyl ester formed rectangular prisms, m. p. 137—138°, from alcohol (Found : 
N, 8-1. C,,H,O,N,Br requires N, 7-°9%). The ethyl ester (from alcohol) had m. p. 205—207° 
(Found : N, 7-6. C,,;H,O,N,Br requires N, 7-6%). 

Another portion (12 g.) of the mercuri-derivative from dinitronaphthalic acid was warmed 
with dilute sodium hydroxide solution (50 c.c.), and the suspension treated with concentrated 
hydrochloric acid (120 c.c.) and boiled for 4 hours. The brown solid deposited from the cooled 
mixture was decolorised in alcoholic solution with animal charcoal and recrystallised twice 
from acetic acid, giving buff-coloured crystals of 3 : 6-dinitro-l-naphthoic acid (4 g.), m. p. 
273-5—274° (yield, 59%) (Found: N, 10-6. C,,H,O,N, requires N, 10-7%). The methyl 
ester, m. p. 196—197°, was deposited from alcohol in colourless needles, only sparingly soluble in 
cold ether (Found: N, 10-0. C,,H,O,N, requires N, 10-15%). The ethy/ ester (from alcohol) 
had m, p. 145—146° (Found : N, 9-6. C,,H,O,N, requires N, 9-7%). 

Preparation of 2 : 7-Dinitronaphthalene.—The orientation of the nitro-groups in the above 
derivatives is dependent upon the structure of dinitronaphthalic acid. This was determined 
by decarboxylation with copper-bronze and boiling quinoline, a preliminary experiment with 
naphthalic acid having shown that the procedure was applicable to dicarboxylic derivatives. 
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Dinitronaphthalic acid (2 g.) was dissolved in dry boiling quinoline (4 ¢.c.), and copper-bronze 
(2 g.) added carefully in small portions. After 15 minutes’ boiling, the cooled product was 
extracted with ether, and the filtered extract washed successively with dilute hydrochloric 
acid, aqueous sodium carbonate, and water. After evaporation of the solvent, the residual 
yellow solid was recrystallised from acetic anhydride, giving a dinitronaphthalene (0-4 g.), 
m. p. 234° (Found: N, 12-8. C,H,O,N, requires N, 128%). The compound dissolves 
readily in acetic acid and benzene, is less soluble in alcohol and only sparingly in ether. 

Disregarding any theoretical considerations, and in view of the known structure of the 
mononitronaphthalic acid, the possible positions for the nitro-groups in the dinitronaphthalene 
are 1:2, 1:7, 2:6,2:7,or2:3. Of these, the melting point eliminates the first three, leaving 
the unknown 2:7- and 2: 3-derivatives. The diaminonaphthalenes corresponding to the 
2:3-, 2: 6-, and 2: 7-structures are, however, all known. The above dinitro-compound was 
therefore reduced with tin and hydrochloric acid, giving a diamino-compound which crystallised 
from water in colourless plates, m. p. 159°. In van der Kam’s “ Naphtalin Derivate ”’ 2: 7- 
diaminonaphthalene is listed as melting at 159° (2 : 3-compound, m. p. 191°; 2: 6-compound, 
m. p. 216—218°). The new dinitronaphthalene is thus the 2: 7-derivative, and the dinitro- 
naphthalic acid is the 3 : 6-compound, leading to the constitutions given above for the 
derivatives prepared from the latter source. 

The substituted 8-bromonaphthoic acids described in this and in the foregoing paper are 
being used in the preparation of substituted benzanthrones and anthranthrones. 


SUMMARY. 


Mono- and di-nitroacenaphthenequinones have been converted into bromonitro- 
naphthoic acids by oxidation to the corresponding naphthalic anhydrides, followed by 
mercuration and bromination. The results confirm the structure assigned to the dinitro- 
quinone by other workers. 

Mono- and di-nitration products of naphthalic anhydride have been successively 
mercurated and brominated to give new bromonitronaphthoic acids and 3: 6-dinitro- 
naphthoic acid. The structures of these compounds are established by the decarboxyl- 
ation of dinitronaphthalic acid to give the previously unknown 2 : 7-dinitronaphthalene, 
which reduces to 2 : 7-diaminonaphthalene. 


Grateful acknowledgment is made to the Department of Scientific and Industrial Research 
for a Scholarship (to R. R. H. B.) and to the Carnegie Trust for a Teaching Fellowship (to 
H, G. R.). 
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46. Studies in the Colour Reactions of Organic Compounds, Part I. 
The Colour Reactions of Arylthioureas. 


By GEORGE MALCoLM Dyson. 


CERTAIN nitro-substituted arylthioureas (arylthiocarbamides) dissolve in warm con- 
centrated sulphuric acid with the formation of a violet colour (Dyson and George, J., 
1924, 125, 1702). The object of the present investigation has been to ascertain to what 
extent this colour reaction is general among the aromatic thioureas and to enquire more 
particularly into its nature. 

Each thiourea examined was of the general form A‘NH°CS‘NHB. Group A always 
comprised a nitro-group attached to an aryl residue. No colour is produced unless group 
B is an aromatic residue, and the inclusion of a nitro-group in B, even if attached to an 
aromatic residue, precludes colour formation (e.g., in 4 : 4’-dinitro-s-diphenylthiourea). 
Further, the nature of the colour produced is dependent on the aromatic group B, but is 
independent of the orientation of the nitro-group in A, thus pointing to the fact that the 
production of colour is concerned mainly with group B. 

Hofmann (Ber., 1876, 9, 105, 140; 1882, 15, 1290; compare also Chattaway, J., 1924, 
125, 1552) showed that thioureas yield a thiocarbimide and the salt of an amine on acid 
hydrolysis. 4-Nitro-4’-methyl-s-diphenylthiourea was therefore dissolved in cold con- 
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centrated sulphuric acid to give a pale yellow solution, which at 150° turned deep violet. 
This violet solution, distilled in slightly superheated steam (110°), gave recognisable 
quantities of p-nitrophenylthiocarbimide (m. p. 115°), and the residue, after being made 
faintly alkaline, gave p-toluidine on further distillation in steam, demonstrating that in 
the presence of concentrated sulphuric acid the reaction 


NO,-C,H,NH-CS‘NH-C,H,Me —> NO,-C,H,-NCS + NH,°C,H,Me 


proceeds to an appreciable extent. No evidence that the reaction proceeds even in part 
according to NO,°Cs,H,NH-CS:‘NH-C,H,Me —> NO,°C,H,NH, + NCS°C,H,Me was 
obtained, in spite of the singularly characteristic odour of -tolylthiocarbimide, which 
would ensure the detection of the smallest trace of the compound. It is concluded, there- 
fore, that the colour is due either to p-nitrophenylthiocarbimide or to p-toluidine, produced 
by acid hydrolysis of the original compound. 

Examination of p-nitrophenylthiocarbimide and of #-tolylthiocarbimide showed that 
both dissolved in concentrated sulphuric acid with a deep lemon-yellow colour, which 
disappeared on warming. Attempts made to obtain a violet colour from these substances 
by warming their sulphuric acid solutions with traces of other substances—nitrous acid, 
nitric acid, bromine, chlorine, p-toluidine, p-nitrosophenol—were unsuccessful. 

On the other hand, the treatment of #-toluidine with sulphuric acid containing a trace 
of nitric acid produced a deep purple colour similar to that obtained from 4-nitro-4’-methy]l- 
s-diphenylthiourea in sulphuric acid alone. Comparison shows a close similarity between 
the colours produced with various types of thioureas and those produced by the corre- 
sponding amine with sulphuric acid containing a small trace of nitric acid. The table 
below illustrates this point (J denotes the colour obtained with NO,°C,H,-NH’CS‘NHB 
in warm concentrated sulphuric acid, and M the colour obtained with the corresponding 
amine in concentrated sulphuric acid containing a trace of nitric acid) : 


Colour Reactions of Organic Compounds. 


Group B. 
Phenyl 
o-Tolyl 
m-Tolyl 
p-Tolyl 
p-Bromophenyl 
p-Chlorophenyl 
p-Fluorophenyl 
p-Iodophenyl 


3 
Reddish-brown 
Dull purple 
Purple-brown 
Violet 
Purple-red 
Crimson 
Rose-red 
Green 


Corresponding 
amine. 
Aniline 
p-Toluidine 
m-Toluidine 
p-Toluidine 
p-Bromoaniline 
p-Chloroaniline 
p-Fluoroaniline 
p-lodoaniline 


M. 
Reddish-brown 
Dull purple 
Brown; purple tinge 
Deep violet 
Purple-red 
Deep red 
Rose-red 
Green 
Blue, turning mauve 


Blue, turning mauve /-Anisidine 


a-Naphthyl Blue —-> mauve 

B-Naphthyl Green —-> sepia 

Similar colours were produced when symmetrical arylthioureas of the general form 
B-NH-CS:NHB were dissolved in warm concentrated sulphuric acid containing a minute 
trace of nitric acid. Three confirmatory points were also elucidated : (1) When a thiourea, 
NO,°C,H,NH-CS:NHB, is dissolved in warm concentrated sulphuric acid, the solution 
gives an immediate blue colour with diphenylamine, indicating the presence of free nitric 
acid. This reaction can be demonstrated in cases such as N-p-nitrophenyl-N’‘-propyl- 
thiourea, which gives no primary colour reaction. (2) Pure sulphuric acid, containing no 
trace of nitric acid, will give colours on warming with certain amines having a halogen 
substituent. (3) Certain amines containing a halogen atom (e.g., p-bromoaniline) will 
give a deep violet colour on prolonged boiling alone, indicating oxidation of one part of the 
amine by halogen obtained during partial decomposition of the remainder. 

The evidence leads definitely to the conclusion that the colours produced when thio- 
ureas of the type described are warmed with concentrated sulphuric acid are due, first, 
to the formation of the corresponding amine, and secondly, to the oxidation of this amine 
by a trace of nitric acid produced from the nitro-group. 

The nature of the colouring matter is at present obscure; it is probably an indoaniline 
compound. There are two ways by which the colour may be developed with an amine. 
In the first, the amine (0-01 g.) is dissolved in concentrated sulphuric acid (3 ml.), and one 
drop of N/20-nitric acid added; the colour develops at the junction of the two liquids 


p-Anisyl 
a-Naphthylamine Deep blue, turning purple-red 
B-Naphthylamine Green ——>sepia 
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and, on mixing, spreads through the whole liquid. Alternatively, the amine (0-01 g.) 
is dissolved in glacial acetic acid (1 ml.), and the solution shaken with one drop of N/20- 
nitric acid and floated on to concentrated sulphuric acid. 

In order to prepare many of the required nitro-substituted thioureas it was necessary 
to ascertain the best conditions for the production of nitro-substituted arylthiocarbimides. 
The reaction between thiocarbonyl chloride and nitro-substituted aromatic amines, even 
when dissolved in a large quantity of an inert solvent, always leads to the formation 
of much s-thiourea :' CSC], + 2NO,*R-NH, —»> NO,°*R-NH-’CS:NH-R:NO,. Prolonged 
agitation of the aqueous solution of the amine hydrochloride, in presence of excess of 
hydrochloric acid, with thiocarbonyl chloride gave an almost quantitative yield of the 
nitro-arylthiocarbimide, even in cases where the nitro-group was in a position ortho to the 
amino-group. 

EXPERIMENTAL. 


o-Nitrophenylthiocarbimide.—o-Nitroaniline (25 g.) was dissolved in hydrochloric acid (500 
ml. of 20%) at 50°, and the filtered warm solution agitated with thiocarbonyl chloride (15 g.) 
for 70 hours. A solid separated, giving 20 g. of yellow flat plates, m. p. 74°, from dilute acetone 
(Found: S, 17-8. C,H,O,N,S requires S, 17-77%). 

The following compounds were also prepared. 

% S % S 
Thiourea. found. calc. Properties. 
N-o-Nitrophenyl-N’-propyl 13°6 13°4 Small cream prisms 
o-Nitro-s-diphenyl 11°8 Brilliant golden-yellow 
plates 
2-Nitro-2’-methyl-s-diphenyl 11-2 Sheaves of bright yellow 
needles 
2-Nitro-3’-methyl-s-diphenyl 11-1 Deep golden-yellow needles 
2-Nitro-4’-methyl-s-diphenyl 11°15 Long flat lemon plates 
4’-Bromo-2-nitro-s-dipheny] 9°0 9° Small golden-yellow plates 
N-o-Nitrophenyl-N’-a-naphtbyl 10°0 9°¢ Small olive-green prisms 
N-o-Nitrophenyl-N’-8-naphthyl 10°05 Minute ochre-coloured 
needles 
s-Di-o-nitrophenyl 10°1 ; Orange needles 
2 : 3’-Dinitro-s-diphenyl 10°1 Orange needles 
2 : 4’-Dinitro-s-diphenyl 10°1 Pale yellow needles 
N-m-Nitrophenyl-N’-propyl 13°5 . White prisms 
3-Nitro-s-diphenyl 11°9 , Yellow plates 
3-Nitro-2’-methyl-s-dipheny] ’ : Square lemon-yellow prisms 
3-Nitro-3’-methyl-s-diphenyl . Small yellow prisms 
3-Nitro-4’-methy]l-s-diphenyl ; , Minute white crystals 
3 : 3’-Dinitro-s-diphenyl : , Ochre needles 
4’-Bromo-3-nitro-s-diphenyl 9° Pale yellow prisms 
2 : 4’-Dichloro-3-nitro-s-dipheny] Minute white needles 
3 : 2’-Dinitro-6-methyl-s-diphenyl Deep orange needles 
N-m-Nitrophenyl-N’-a-naphthyl Yellow needles 
N-m-Nitrophenyl-N’-f8-naphthyl Long flat yellow needles 
: 3’-Dinitro-6’-methyl-s-diphenyl Deep lemon needles 
: 4’-Dinitro-6’-methyl-s-diphenyl] Microcrystalline orange 
plates 
Minute crystals 
Deep orange-red prisms 
Almost white needles 
Cream-coloured needles 
Pale yellow prisms 
Lemon-yellow needles 
Pale orange crystals 
Clear lemon-yellow needles 
Orange-red prisms 
Cream-yellow needles 
Yellow prisms 
Yellowish plates 
Microcrystaffine yellow 
powder 
Minute yellow needles 
Bright orange prisms 
Palest yellow prisms 
Long pale yellow needles 
Flat yellow needles 
Small yellow prisms 


— 


: 4’-Dinitro-s-diphenyl 

: 3’-Dinitro-4’-methyl]-s-dipheny] 

: 2’-Dinitro-4’-methyl-s-dipheny] 
N-p-Nitrophenyl-N’-propyl 
4-Nitro-s-diphenyl 
4-Nitro-2’-methyl-s-diphenyl 
4-Nitro-3’-methyl-s-diphenyl 
4-Nitro-4’-methyl-s-diphenyl 
4: 4’-Dinitro-s-diphenyl 
4’-Bromo-4-nitro-s-diphenyl 
4’-Chloro-4-nitro-s-diphenyl 
4-Nitro-4’-methoxy-s-diphenyl 
N-p-Nitrophenyl-N’-a-naphthyl 
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N-p-Nitrophenyl-N’-B-naphthyl 

4 : 3’-Dinitro-6’-methyl-s-diphenyl 
4 : 3’-Dinitro-4’-methyl-s-diphenyl 
4: 4’-Dinitro-6’-methyl-s-diphenyl 
4 : 2’-Dinitro-4’-methyl-s-dipheny] 
4-Nitro-o-tolyl 
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%S %S 
Thiourea. calc. M. p. Properties. 
N-4-Nitro-o-tolyl-N’-propyl . 12°6 173. Small cream prisms 
5-Nitro-2-methyl-s-diphenyl ; 11°15 171 Microcrystalline white 
needles 
4’-Bromo-5-nitro-2-methyl-s-diphenyl ‘ 8°7 183. White needles 
5-Nitro-2 : 2’-dimethyl-s-diphenyl 10°6 149 Yellow needles 
5-Nitro-2 : 3’-dimethyl-s-diphenyl 156 Pale yellow micro-needles 
5-Nitro-2 : 4’-dimethyl-s-diphenyl 161 Flat yellow needles 
N-4-Nitro-o-toiyl-N’-a-naphthyl 191 Small yellow prism 
N-4-Nitro-o-tolyl-N’-8-naphthyl 154 Crystalline powder 
3 : 8’-Dinitro-6 : 6’-dimethyl-s-diphenyl 162 Very pale yellow needles 
N-5-Nitro-o-tolyl-N’-propyl 157 _— Pale yellow crystals 
4-Nitro-2 : 2’-dimethyl-s-diphenyl 154 Lemon-yellow plates 
4-Nitro-2 : 3’-dimethyl-s-diphenyl 152 _—‘ Large pale yellow prisms 
4-Nitro-2 : 4’-dimethyl-s-diphenyl 150 = Light yellow needles 
N-5-Nitro-o-tolyl-N’-a-naphthyl 166 Yellow needles 
N-5-Nitro-o-tolyl-N’-B-naphthyl 165 Pale yellow needles 
2-Nitro-p-tolyl 122 Small orange prisms 
N-2-Nitro-p-tolyl-N’-propyl 147 Almost white prisms 
3-Nitro-4-methyl-s-diphenyl 152 Cream needles 
4’-Bromo-3-nitro-4-methyl-s-diphenyl 173 Lemon-yellow needles 
3-Nitro-2’ : 4-dimethyl-s-diphenyl 147. Minute white needles 
3-Nitro-3’ : 4-dimethyl-s-diphenyl 152 _— Pale yellow crystals 
3-Nitro-4 : 4’-dimethyl-s-diphenyl 176 Yellow plates 
N-2-Nitro-p-tolyl-N’-a-naphthyl 165 White needles 
N-2-Nitro-p-tolyl-N’-B-naphthyl 212 Yellowish needles 
3-Nitro-4-p-tolyl 138 Yellow crystals 
N-3-Nitro-p-tolyl-N’-propyl 144 White prisms 
2-Nitro-4-methyl-s-diphenyl 125 Orange prisms 
4’-Bromo-2-nitro-4-methyl-s-diphenyl 156 Square yellow prisms 
2-Nitro-2’ ; 4-dimethyl-s-diphenyl 164 Pale yellow prisms 
2-Nitro-3’ : 4-dimethyl-s-diphenyl 156 Yellow prisms 
2-Nitro-4 : 4’-dimethyl-s-diphenyl 162 Pale yellow needles 
N-3-Nitro-4-p-tolyl-N’-a-naphthyl 168  Citron-yellow needles 
N-3-Nitro-p-tolyl-N’-B-naphthyl 159 Ochre-coloured needles 
5-Nitro-2-methoxyphenyl — Orange prisms 
N-5-Nitro-2-methoxyphenyl-N’-propyl 171 ‘Pale yellow needles 
5-Nitro-2-methoxy-s-diphenyl 173 = Crystalline pale brown 
powder 
180 Minute, almost white 
prisms 
162 Crystalline pale brown 
powder 
168 Pale brown needles 
162 Microcrystalline yellow 
powder 
164 Orange prisms 
162 Small orange prisms 
178 Ochre-coloured needles 
175 Flat yellow prismatic 
needles 
175 Brown needles 
171 Pale yellow needles 
164 ~—=Pale yellow needles 
171 ‘Pale yellow plates 
160 Small yellow needles 
158 Minute prisms 
Minute, almost white 
prisms 
Small yellow crystals 
Minute cream prisms 
Microcrystalline powder 
Pale yellow needles 
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4’-Bromo-5-nitro-2-methoxy-s-diphenyl 
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5-Nitro-2-methoxy-2’-methyl-s-diphenyl 


5-Nitro-2-methoxy-3’-methyl-s-diphenyl 
5-Nitro-2-methoxy-4’-methyl-s-diphenyl 
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3’ : 5-Dinitro-2-methoxy-s-diphenyl 
4’ ; 5-Dinitro-2-methoxy-s-diphenyl 
N-5-Nitro-2-methoxyphenyl-N’-a-naphthyl 
N-5-Nitro-2-methoxyphenyl-N’-B-naphthyl 
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5 : 5’-Dinitro-2 : 2’-dimethoxy-s-dipheny] 
3-Nitro-o-tolyl 
4’-Bromo-2-nitro-6-methyl-s-dipheny] 
N-3-Nitro-o-tolyl-N’-a-naphthy] 
2-Nitro-4’ : 6-dimethyl-s-diphenyl 
4-Nitro-3-methyl-s-dipheny] 
4’-Fluoro-4-nitro-3-methyl-s-diphenyl 
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4’-Bromo-4-nitro-3-methyl-s-dipheny] 

N-6-Nitro-m-tolyl-N’-a-naphthyl 

N-6-Nitro-m-tolyl-N’-B-naphthyl 

4-Nitro-3 : 4’-dimethyl-s-diphenyl 
Thiocarbimide. 

3-Nitro-o-tolyl 

4-Nitro-o-tolyl 

5-Nitro-o-tolyl 

2-Nitro-p-tolyl 

3-Nitro-p-tolyl 

6-Nitro-m-tolyl 

5-Nitro-2-methoxyphenyl 
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Brownish plates 

Pale cream needles 
Lemon-yellow plates 
Clear pale yellow prisms 
Long yellow needles 
Pale yellow plates 
Large prisms 
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47. The Inhibitory Effect of Substituents in Chemical Reactions. 
Part III. The Reactivity of the isoThiocyano-group in Substituted 
Arylthiocarbimides. 


By DonaLp W. Browne and G. MALcoLtm Dyson. 


NUCLEAR substituents exert a profound effect on the reactivity of the isothiocyano-group 
in aryl thiocarbimides (Browne and Dyson, J., 1931, 3285). The present experiments were 
undertaken to find out whether or not side-chain unsaturation, or fused ring formation, 
can accelerate the reaction between arylthiocarbimides and ethyl alcohol. Our previous 
method was used (loc. cit.) and the results are summarised in the table below : 


Proportion converted into thiourethane at time ¢ (mins.). 





wy Be 
15-7 «115 
34°55 8 26°5 


KX 2% € a. 
45 65 113 
45 70 28:4 
70 — — 50 
30 40 449 55-0 
30 40 62-2 72-5 
40 60 32°4 33°0 
30 40 52°4 65°0 
30 40 66°2 790 
20 40 70 8 31°9 28°5 
20 30 40 506 65:0 
20 P 30 40 63°4 750 
30 40 64°5 77°5 
30 40 641 75°5 
30 40 67°6 79°0 
45 75 27:1 23°5 


j 65 
30 
30 
40 
20 
20 
20 
20 
20 


Thiocarbimide. >x be. . mS 

1-Naphthyl 
2-Naphthyl 
Acenaphthyl-4 
3-Carboxypheny] 
4-Carboxyphenyl 
2-Carbomethoxypheny]... 
3-Carbomethoxypheny] ... 
4-Carbomethoxypheny] ... 
2-Carbethoxyphenyl 
3-Carbethoxyphenyl 
4-Carbethoxypheny] ...... 
4-Carbopropoxypheny] ... 
4-Carbobutoxypheny] ... 
4-Carbamoxyphenyl “5s 10 
Ethyl phenylacetate-4 ... i 10 
Ethyl £-phenylpropion- 

ate-4 a S 10 
Ethyl cinnamate-4 ‘26 «10 
4-Acetamidopheny] ‘63 10 3 40 
3 : 4-Dichlorophenyl 945 10 20 . 40 
3:4:5-Trimethoxyphenyl 1-1] 10 75 20 ‘ 40 
4-Dimethylaminopheny] — No reaction 


* Y represents the amount (°%) of thiocarbimide which has disappeared in 60 mins. 


eS 


— 
— 
- 
p 4 
a 


ee SISeae 


b= 
3466 
22| S| 


noe 
uo 
o 


w 
2s - A 
NomWwmovoca 


bo to to bo ' 
CN rn 


WAdSROSUDSSSAeE SHIA 
me Orr Sr Ore or tO or 
ST ST Or Ge 2 Go BD Go ee Ol im > 


|S3sss! 


11-0 
55:0 
20°5 
86°0 
33°0 


or 


60 11:3 
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The rate of disappearance of the thiocarbimide from an N/13-5-solution in ethyl 
alcohol was measured at the boiling point of the solution, 78-5°. 

These results and the earlier ones (loc. cit.) indicate that the general trend of addition 
of ethyl alcohol to arylthiocarbimides is that of a side-chain reaction favoured by “ electron- 
recession.’’ Supporting evidence for this contention is found in two factors: (a) in nearly 
all the cases examined, the meta-substituted compound is more reactive than the corre- 
sponding ortho- or para-substituted compound, and (b) the reaction is favoured by 
unsaturation in the substituents. As a critical test of the effect of side-chain unsaturation 
we examined the three para-substituted compounds 


SCN-C,H,°CH,°CO,Et SCN-C,H,°CH,°CH,°CO,Et SCN-°C,H,’CH:CH-CO,Et 
(I.) (II.) (III.) 


The rate of addition of alcohol to (I) is about twice as rapid as to (II), again indicating that 
the effect of electron-recession is weakened by prolongation of the side chain. On the other 
hand, (III) reacts five times as rapidly as (I) and more than twice as readily as its dihydro- 
derivative (II), thus indicating the accelerating activity of the unsaturated side chain. 

4-Dimethylaminophenylthiocarbimide is incapable of reacting with ethyl alcohol under 
the conditions of our experiments; in this respect the NMe, group offers a parallel with 
the CHMe, group (see 4-isopropylphenylthiocarbimide; Joc. cit., p. 3287). 3:4:5- 
Trimethoxyphenylthiocarbimide was unexpectedly found to react more readily than 
the 3 : 5-dimethoxy-compound with ethyl alcohol. 
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EXPERIMENTAL. 


3-Carboxy phenylthiocarbimide.—m-Aminobenzoic acid (8 g.) in 2N-hydrochloric acid (350 ml.) 
was shaken with thiocarbonyl chloride (7 g.) for } hour. The white precipitate was washed, 
dried, and recrystallised from benzene, the thiocarbimide being obtained in colourless needles, 
m. p. 163° (decomp.) (Found: S, 18-1. C,H,O,NS requires S, 17-9%). 

4-Carboxyphenylthiocarbimide, similarly prepared from p-aminobenzoic acid, formed colour- 
less plates, decomp. 220°, from acetone (Found: S, 18-0%). 

4-Carbopropoxyphenylthiocarbimide.—Propyl p-nitrobenzoate (20 g., prepared from p-nitro- 
benzoyl chloride and u-propy] alcohol ; pale yellow plates, m. p. 36°) was reduced with iron filings 
(20 g.) and water (100 ml.) at 100°, hydrochloric acid (75 ml.) being added gradually until the 
solution became clear. The amine, liberated by sodium carbonate and extracted in ether, 
formed colourless needles (12 g.), m. p. 72°, from ligroin. The amine (7 g.) in chloroform 
(60 ml.) was added to a suspension of thiocarbonyl chloride (7 g.) in water (300 ml.). The 
chloroform layer was withdrawn, the solvent removed, and the residue distilled in steam. 
The thiocarbimide formed colourless needles, m. p. 32° (Found: S, 14-7. C,,H,,O,NS requires 
S, 14-5%). 

In the similar preparations of the n-butyl ester (Found: S, 13-9. C,,H,,;0,NS requires 
S, 13-6%) and the n-amyl ester (Found: S, 12-5. C,,;H,,O,NS requires S, 12-8%), both pale 
yellow oils, b. p. 180°/5 mm. and 205°/5 mm. respectively, the following compounds were 
obtained : butyl p-nitrobenzoate, colourless plates, m. p. 36°; butyl p-aminobenzoate, colour- 
less needles, m. p. 58°; amyl p-nitrobenzoate, pale yellow oil, b. p. 270°; amyl p-aminobenzoate, 
colourless needles, m. p. 52°. 

Ethyl phenylacetate-4-thiocarbimide, colourless needles, m. p. 58°, from ligroin (Found: §S, 
14-7. C,,H,,O,NS requires S, 14-5%), ethyl cinnamate-4-thiocarbimide, short golden needles, 
m. p. 62° (Found: S, 13-45. C,,.H,,O,NS requires S, 13-7%), and ethyl 8-phenylpropionate- 
4-thiocarbimide, a pale yellow oil, b. p. 296° (Found: S, 13-45. C,,H,,0,NS requires S, 13-6%), 
were prepared from ethyl p-nitrophenylacetate, p-nitrocinnamate, and §-p-nitrophenylpropion- 
ate, respectively, by the above method. 

3: 4: 5-Trimethoxyphenylthiocarbimide.—1 : 2 : 3-Trimethoxybenzene (20 g.) in glacial acetic 
acid (100 ml.) was slowly added to a mixture of concentrated nitric acid (250 ml.) and water 
(500 ml.) at 20—25°. After 1 hour, the precipitated 5-nitro-1 : 2 : 3-trimethoxybenzene was 
removed and recrystallised from glacial acetic acid, forming long yellow needles (16 g.), m. p. 
247° (decomp.). Reduction to trimethoxyaniline was carried out with tin and hydrochloric 
acid, and the product extracted with warm benzene. After recrystallisation from alcohol, 
it formed long colourless needles (6 g.), m. p. 113°. By solution in chloroform and agitation 
with a suspension of thiocarbonyl chloride in water, the corresponding thiocarbimide was 
produced ; colourless plates, m. p. 65° (Found: S, 14:2. C,,H,,O,NS requires S, 142%). 

The characteristics of a number of derivatives of thiourethane (ethyl thioncarbamate), 
R*NH°CS:OEt, prepared during the course of this work are tabulated below. 


R. M.p. Appearance. R. M.p. Appearance. 
1-Naphthyl Colourless needles 4-Carbethoxyphenyl ... 118° Colourless needles 
2-Naphthyl Colourless plates 4-Carbopropoxyphenyl 97 a colourless 

needles 

Acenaphthyl-3 Brownish plates 4-Carbobutoxyphenyl 83 Colourless needles 
3-Carboxyphenyl Short colourless 4-Carbamoxyphenyl ... 67 Colourless needles 

needles Ethyl phenylacetate-4 69 Needles 
4-Carboxyphenyl Colourless needles Ethyl cinnamate-4 128 Small colourless 
2-Carbomethoxyphenyl Colourless plates needles 
3-Carbomethoxyphenyl 104 Colourless plates 4-Acetamidophenyl ... 173 Colourless felted 
4-Carbomethoxyphenyl 121 Short colourless needles 

needles 3: 4-Dichlorophenyl ..._ 125 Colourless felted 
2-Carbethoxyphenyl ... 48 Colourless plates needles 
3-Carbethoxyphenyl 76 Short colourless 3: 4: 5-Trimethoxy- 

needles phenyl Colourless plates 
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48. The Nitration of Some a-Naphthalides. 
By HERBERT H. Hopcson and JOHN WALKER. 


THIs investigation was undertaken to ascertain whether variation of the acyl substituent 
would alter the ortho-para ratio, 0-37—0-44, already found for the mononitration of 
aceto-a-naphthalide (J., 1933, 1205). The ortho-para ratios, 7.e., the ultimate relative 
amounts of 2-nitro- and 4-nitro-l-naphthylamine, were found to be 0-4—0-6, 1-1—1:3, 
and 1-1—1-3 for formo-, benzo-, and o-carboxybenzo-«-naphthalide, respectively : con- 
siderable dinitration always occurred with p-toluenesulphon-«-naphthalide. Increase of 
2-nitration thus accompanies the weakening of the basic character of the amino-group by 
acid substituents, but the carboxyl group in o-carboxybenzo-«-naphthalide appears to be 
without influence on the nitration. 

2- and 4-Nitroformo-«-naphthalide are more readily hydrolysed by alkali than are the 
corresponding acetyl compounds, and the 4-nitro- is more easily hydrolysed than the 
2-nitro-isomeride. These properties are attributed to the condition of the amino-nitrogen 
atom, which in the former case is rendered more kationoid (electro-positive) by the formyl 
than by the acetyl group, and, in the latter case, owing to the degree of ionisation of the 
imino-hydrogen atom, is rendered less anionoid by the 4- than by the 2-nitro-group, and 
therefore more prone to attack by the anionoid alkaline reagent. As would be expected, 
formo- and aceto-a-naphthalide are much more readily mononitrated than are the two 
benzoyl derivatives, which require much stronger nitric acid. 


EXPERIMENTAL. 


(a) Nitration of Formo-a-naphthalide-—The naphthalide (40 g.) was added gradually to 
well-stirred nitric acid (250 c.c.; d 1-42) at 5—10°; crystals appeared when about half had 
been added. Agitation was continued for $ hour, the paste then poured into water, and the 
precipitated mixture of 2- and 4-nitroformo-«-naphthalide filtered off, washed, and dried 
(yield, 44 g.). 

Hydrolysis and separation of the isomerides. The above mixture (44 g.) was refluxed for 4 
hours with ethyl alcohol (200 c.c.), concentrated sulphuric acid (70 c.c.), and water (140 c.c.). 
The mixture of 2- and 4-nitro-l-naphthylamine precipitated on dilution with water (1000 c.c.) was 
removed, washed, and dried (yield, 37 g.). The separation was effected as in the case of the 
acetyl compounds (/oc. cit.). 

Separation of 2- and 4-nitroformo-a-naphthalide by caustic alkali. The mixture (40 g.) was 
extracted thrice with 5% aqueous sodium hydroxide (200 c.c.), rapid working being necessary 
on account of the ease of hydrolysis of the 2-nitro-compound, which dissolved. The insoluble 
4-nitroformo-a-naphthalide crystallised from 90% formic acid in greenish-yellow micro-prisms, 
m. p. 182° (Found : N, 13-1. C,,H,O,N, requires N, 13-0%). The alkaline solution ultimately 
deposited 8 g. of nearly pure 2-nitro-l-naphthylamine. 

(b) Nitration of Benzo-a-naphthalide.—Nitration was effected as in (a), with nitric acid 
(d 1-42) and synthetic nitric acid (d 1-49) in equal volumes. An 88% yield of mixed benzo-2- 
and -4-nitro-«-naphthalide was obtained; these were separated by aqueous sodium hydroxide 
as described above. The insoluble benzo-4-nitro-«-naphthalide (yield, 44%) crystallised from 
glacial acetic acid in yellow prisms, m. p. 224° (Found: N, 9-8. Calc.: N, 9-6%). The 
soluble 2-nitro-isomeride, precipitated on acidification of the alkaline solution, crystallised 
from glacial acetic acid in yellow prisms, m. p. 175° (Found: N, 9-7%). 

Attempts to hydrolyse the nitrated benzoyl compounds with 50% sulphuric acid at 100° 
or with boiling concentrated hydrochloric acid were unsuccessful, and with hot alkali 2- and 
4-nitro-l-naphthol were produced. Heating with concentrated aqueous ammonia in a sealed 
tube at 150°, however, proved successful. 

(c) Nitration of o-Carboxybenzo-a-naphthalide.—The naphthalide was precipitated when a 
solution of «-naphthylamine (20 g.) in xylene (50 c.c.) at 100° was gradually added to a boiling 
solution of phthalic anhydride (20 g.) in xylene (300 c.c.). The m. p., 185°, was not raised by 
several crystallisations (in colourless needles) from glacial acetic acid (Tingle and Rolker, /. 
Amer. Chem. Soc., 1908, 30, 1891, give m. p. 189°) (Found: C, 74:0; H, 4:3; N, 5-0. Calc.: 
C, 74-2; H, 4-5; N, 48%). The yield was 95%. 
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The mononitration and the subsequent hydrolysis of the mixed nitro-compounds were 
carried out as in (b). 

(d) p-Toluenesulphon-a-naphthalide.—A mixture of a-naphthylamine (28-6 g.), p-toluene- 
sulphonyl chloride (58 g.; 50% excess), and water (300 c.c.) was heated at 90° while powdered 
sodium carbonate was added until there was permanent alkalinity after 30 minutes’ stirring. 
The naphthalide was removed from the cooled mixture and shaken at 50° with 10% aqueous 
sodium hydroxide (150 c.c.) until no more dissolved; the warm liquid, on cooling, separated 
into 2 layers, but was rendered homogeneous by addition of water prior to filtration. The 
alkali-insoluble di-p-toluenesulphon-a-naphthalide (yield, 2—3%) crystallised from glacial acetic 
acid in colourless prisms, m. p. 224° (Found: S, 14-3. C,,H,,O,NS, requires S, 14-2%), which 
were quantitatively hydrolysed to a-naphthylamine by 95% sulphuric acid. The filtrate 
above, after acidification with dilute hydrochloric acid, gave p-toluenesulphon-«-naphthalide 
(yield, 94-5%), which crystallised from glacial acetic acid in colourless prisms, m. p. 157°. 

Nitration. (a) With dilute nitric acid. p-Toluenesulphon-«-naphthalide (29-7 g.) was stirred 
into 30% nitric acid (300 c.c.) at 50° and after 1 hour the mixture was diluted with water. 
The precipitated p-toluenesulphon-2 : 4-dinitro-a-naphthalide (yield, poor) was washed with 
water and crystallised from ethyl alcohol, forming pale yellow needles, m. p. 166° (Found: N, 
11-0. Calc.: N, 108%). The substance was easily hydrolysed by concentrated sulphuric 
acid to give 2 : 4-dinitro-«-naphthylamine, which crystallised from glacial acetic acid in bright 
yellow prisms, m. p. 244° (Ullmann and Bruck, Ber., 1908, 41, 3935, give m. p. 241°). 

(8) In glacial acetic acid. A solution of the naphthalide (15 g.) in the hot acid (100 c.c.) 
was cooled to 20° (with agitation) to produce fine crystals and then nitrated at 20° with 65% 
nitric acid (a trace of nitrous acid being necessary). The naphthalide dissolved, but yellow 
crystals soon appeared; these were removed and the filtrate was diluted with water to pre- 
cipitate the remainder of the product : 

Excess of nitric acid, % 25 50 100 


J 


Yield of crystals, % 24 35 45 65 
M. p. of crystals 175—183° 140—150° 130—140° 135—140° 


When the theoretical quantity of nitric acid was taken, all of it was consumed, and the 
precipitate finally obtained gave, on crystallisation from glacial acetic acid, some 2 : 4-dinitro- 
l-naphthylamine. Since -toluenesulphon-4-nitro-a-naphthalide is only slightly soluble in 
glacial acetic acid, it appears that considerable dinitration occurs even when only sufficient 
nitric acid for mononitration is used. The product obtained with 100% excess of nitric acid 
was mainly p-toluenesulphon-2 : 4-dinitro-«-naphthalide. Nitration with 20% nitric acid at 5° 
did not improve the yield of mononitrated product. 

(y) In ethylene dichloride. Mono- and di-nitration occurred as in (8). 

(8) In nitrobenzene. The naphthalide (15 g.) was dissolved in the hot solvent (40 c.c.) and 
nitrated at 20° with nitric acid (d 1-42; 50% excess) containing a trace of nitrous acid. An 
equal volume of water was then added to the mixture, the excess of acid neutralised with 
aqueous sodium hydroxide, and the 4-nitro-«-naphthalide filtered off; yield, 40%. The nitro- 
benzene solution contained most of the dinitrated product. The hydrolysis of p-toluene- 
sulphon-4-nitro-«-naphthalide was accomplished by dissolution in 93% sulphuric acid below 
30°, otherwise considerable charring occurred. 

Some Di-p-toluenesulphonamides.—The following compounds were prepared from the re- 
spective bases by the above method; each crystallised readily from glacial acetic acid in 
colourless prisms: di-p-toluenesulphonanilide, m. p. 184° (Found: S, 16-1. C,H,,O,NS, 
requires S, 15-9%); di-p-toluenesulphon-o-toluidide, m. p. 169° (Found: S, 15-6. C,,H,,0O,NS, 
requires S, 15-4%); di-p-toluenesulphon-p-toluidide, m. p. 158° (Found: S, 15-6%). 


The authors are indebted to Dr. A. E. Everest for kindly pointing out that they have 
overlooked D.R.-P. 221383 and related patents, in which the action of neutral sulphites on 
1: 5- and 1 : 8-dinitronaphthalene and its use for the separation of the 1 : 5-dinitro-compound 
from its isomeride are described (see J., 1933, 1346). 


The authors thank Imperial Chemical Industries Ltd. (Dyestuffs Group) for various gifts. 
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49. The Structure of the Thio-ether Compounds of Platinous and 
Palladous Chlorides. 


By E. G. Cox, H. SAENGER, and W. WARDLAW. 


In order to study further the thio-ether compounds of platinous and palladous chlorides 
by chemical and X-ray methods we have prepared the dimethyl sulphide derivatives, 
[Pt(Me,S),Cl,] and [Pd(Me,S),Cl,]. 

Blomstrand (J. pr. Chem., 1888, 38, 352) and Klason (Ber., 1895, 28, 1477; 1904, 37, 
1349; J. pr. Chem., 1903, 67, 1) state independently that bisdimethylsulphineplatinous 
chloride may exist in three isomeric forms, but it was shown by Tschugaev and his co- 
workers (Z. anorg. Chem., 1913, 82, 420; et seg.) and confirmed by ourselves that their 
third, pink, compound of similar composition was in reality the plato-salt [Pt(Me,S),][PtCl,]. 
Like the isomerides which diethyl sulphide forms with platinous chloride (Angell, Drew, 
and Wardlaw, J., 1930, 33, 349), the dimethyl sulphide analogues are unimolecular and 
show a marked difference in physical properties. The «- is deeper in colour than the 
8-isomeride and recrystallises from chloroform in orange monoclinic plates with no solvent 
of crystallisation, whilst the 8- recrystallises from this solvent in citron-yellow tetragonal 
plates with one molecule of chloroform of crystallisation, which it quickly loses on exposure 
to air. From acetone they both crystallise without solvent of crystallisation, the «- (as 
before) in orange monoclinic plates but the 6- in transparent citron-yellow monoclinic 
prisms. 

Their solubilities in cold water also show a difference; the a- is insoluble whereas the 
8- dissolves to a small extent. The molecular conductivity of the 6-form was measured 
in this solvent end indicates that it is ionised to about 63% at v = 1000, if wu, = 100. 
This result suggests that the 6-dichloride in aqueous solution is either a polar substance or 
alternatively easily undergoes hydrolysis. 

The two dichlorides are readily.interconvertible. The «- was completely converted 
into the 6-dichloride on being dissolved in boiling water and almost completely by treat- 
ment with further aqueous dimethyl sulphide, but, in solution in chloroform or on melting, 
either dichloride tends to pass into an equilibrium mixture of both; warming the 
chloroform solution favours the formation of the «-form. 

The most striking difference between these isomeric dihalides, however, is shown by 
their interaction with silver oxide in presence of water. The §-dichloride reacts in a 
few minutes with the production of silver chloride and a markedly basic yellowish-brown 
varnish-like substance which Blomstrand (loc. cit.) seems to have obtained by the action 
of baryta on the sulphate, Pt(Me,S),SO,; this base is hygroscopic and dissolves in water 
forming an alkaline solution which is neutralised by acid with the precipitation of pure 
8-Pt(Me,S),Cl,. The «-dichloride, on the other hand, reacts only very slowly, with 
evolution of dimethyl sulphide, formation of silver chloride, and precipitation of platinum 
as hydroxide or oxide; the filtrate is quite neutral to litmus and no solid is precipitated 
on addition of hydrochloric acid. 

On treatment of the chloroform solutions of the dichlorides with chlorine, a different 
tetrachloride was produced in each case. As expected, these compounds differ in properties 
as profoundly as do the isomeric dihalides. The «-tetrachloride is very soluble in chloro- 
form and separates slowly from its solution in thick, irregular, orange plates, whereas the 
8-tetrachloride is very slightly soluble in this solvent, separating in aggregates of very 
small yellow prisms. 

Werner was of opinion that the chlorides had a planar structure and that the «- had the 
cis- and the @- the ¢vans-configuration. The existence of two tetrachlorides PtCl,,2Me,S 
is in accordance with this view, but the reaction with silver oxide and the conductivity 
of aqueous solutions of the 6-compound are difficult to reconcile with this hypothesis. 
Some time ago, Angell, Drew, and Wardlaw (loc. cit.) expressed doubt as to the correctness 
of Werner’s views and proposed alternative structures. Since then new physical and 
chemical evidence has been obtained by us which proves conclusively that «-PtCl,,2Me,S 
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has a trans-planar structure, not a cis-planar structure, as proposed by Werner, or a tetra- 
hedral configuration, as surmised by Angell, Drew, and Wardlaw. The crystallographic 
examination shows definitely that in «-PtCl,,2Me,S there is a planar distribution of valen- 
cies around the platinum atom, the sulphide groups occupying trans-positions. The 
chemical reactions with ethylenediamine fully confirm this finding. Whilst the 6-chloride 
dissolves readily in aqueous ethylenediamine and gives with potassium chloroplatinite a 
pure plato-salt, [Pt en (Me,S),][PtCl,], the «-chloride reacts in a noteworthy manner. 
This reaction proceeds much more slowly than in the case of the @-chloride, dimethyl 
sulphide is evolved, and the plato-salt [Pt,2en][PtCl,] is isolated. Moreover, if ethylene- 
diamine is added to an acetone solution of the «-chloride, dimethyl sulphide is again evolved 
and the compound Pt en,Cl, is precipitated. These results indicate quite clearly that in 
the B-compound the sulphur atoms are in cis-positions and that the chelate group en is 
readily co-ordinated to the platinum atom. The difficulty of reaction of the «-chloride, 
the loss of the thio-ether, and the formation of the tetrammine Pt en, Cl, are fully in harmony 
with the X-ray findings that the «-compound has a érans-planar structure. It should be 
emphasised, however, that no deduction of a positive nature relating to the configuration 
of the chlorides can be made from the chemical evidence alone. The X-ray results in the 
case of the a-chloride are definite, but the 6-chloride is less easily investigated. It has a 
more complicated and unsymmetrical structure and the detailed configuration cannot be 
deduced with certainty at present. Nevertheless, from the preliminary results of the 
physical examination and the detailed results from the chemical experiments it seems 
most likely that the sulphur atoms are in cis-positions, and moreover, the fact that the 
density of the B-isomeride is appreciably less than that of the «- (2-50 as against 2-56) lends 
support to the view that this substance is ionised in the solid state. The reactions with 
silver oxide and the conductivity data relating to aqueous solutions of the §-chloride 
indicate that in solution this salt is ionised. 

- With regard to the thio-ether compounds of palladous chloride, in each case only one 
derivative is known; the detailed examination which we have made of bisdimethyl- 
sulphinepalladous chloride shows it to be completely isomorphous with the «-Pt(Me,S),Cl,, 
so there is no doubt that this compound also has a planar #rans-configuration. 


EXPERIMENTAL. 


The Preparation of the Isomeric Bisdimethylsulphineplatinous Chlorides.—Potassium chloro- 
platinite (4-0 g.), dissolved in water (80 c.c.) and cooled in ice, was mixed with dimethyl sulphide 
(1-6 c.c.) and placed in an ice-chest over-night. Pink and yellow solids were deposited, which, 
after being filtered from the mother-liquor, washed with cold water, and dried in a vacuum 
over phosphoric oxide, were separated by extraction with cold chloroform, the pink (A) remaining 
undissolved, whilst both «- and 6-Pt(Me,S),Cl, separated on evaporation of the extract. 

The a, m. p. 159°, is insoluble in water, cold alcohol, light petroleum, and benzene, but 
readily soluble in acetone and chloroform, separating from either of these solvents in orange, 
transparent, monoclinic plates without solvent of crystallisation [Found: Pt, 49-78; M, in 
boiling acetone (0-15 g./29c.c.; e¢0-03°), 383. Calc. for Pt{(CH;),Sj,Cl, : Pt, 50-01% ; M, 390-4]. 

The 8, m. p. 159°, is insoluble in alcohol and light petroleum, slightly soluble in benzene, 
but soluble in water (0-0936 g. in 100 c.c. at 15°), acetone, and chloroform, separating from the 
last with one molecule of chloroform of crystallisation in citron-yellow, transparent, tetragonal 
plates. It quickly loses this molecule of chloroform, becoming opaque and distorted (Found : 
Pt, 50-25%). On recrystallisation from acetone, it separates in citron-yellow, transparent, 
monoclinic prisms with no solvent of crystallisation {Found: Pt, 49-87; M, in boiling 
acetone (0-17 g./25 c.c.; e 0-04°), 377. Calc. for Pt[(CHs),S],Cl,: Pt, 50-01%; M, 390-4}. 
The $-form is more soluble in acetone than the a-form. ' 

The pink substance (A) was found to be [Pt(Me,S),][PtCl,] (Found: Pt, 50-15. Calc.: Pt, 
50-01%). It is insoluble in alcohol, but slightly soluble in chloroform and alcohol—chloroform 
(1: 1), undergoing transformation to the B-Pt(Me,S),Cl,. Further, it breaks down to a mixture 
of both isomeric disulphines on standing at room temperature, warming at 85°, or dissolving 
in excess aqueous dimethyl sulphide (boiling). On warming in water, this plato-salt changes 
into a mixture of the isomeric thio-ethers, finally dissolving to a yellow solution, from which 
solely B-Pt(Me,S),Cl, separates in pale yellow needles on cooling (Found: Pt, 50-21. Calc.: 
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Pt, 50-01%). Thinking that this pink product (A) might be the trisulphine plato-salt 
[Pt(Me,S),Cl],[PtCl,], we treated it with the theoretical quantity of [Pt(NH;),]Cl,,H,O in 
aqueous solution either by warming or allowing it to react for several days at room temperature 
with frequent agitation. Green salt of Magnus was deposited, and a further precipitate of this 
compound was obtained from the filtrate on treatment with aqueous potassium chloroplatinite, 
signifying that the reaction was not practicable quantitatively owing to the partial decomposition 
of the pink compound into the dichlorides. However, in general confirmation of earlier 
work, when dimethyl] sulphide (2 mols.) was mixed with a 5% aqueous solution of chloroplatinic 
acid (1 mol.) at room temperature, a yellow precipitate was immediately deposited, which, on 
recrystallisation from chloroform, gave the characteristic crystals of «-Pt(Me,S),Cl, and «- and 
6-Pt(Me,S),Cl,, thus indirectly confirming the existence of [Pt(Me,S),][PtCl,]. 

When the original dried mixture of pink and yellow solids was warmed with a small quantity 
of water, it turned yellow. This yellow substance, dried and extracted with chloroform, gave 
an insoluble residue, which on recrystallisation from boiling acetone proved to be pale yellow 
[Pt(Me,S)Cl,)H (Found : Pt, 53-63. Calc.: Pt, 53-53%). 

The Interconversion of the Isomeric Dichlorides—The a-dichloride is completely converted 
into the B-isomeride on being dissolved in boiling water, and almost completely by treat- 
ment with further aqueous dimethyl sulphide. It is only partially transformed on recrystal- 
lisation from chloroform or on melting, the solidified melt remelting at 154—161°. The 6-di- 
chloride is partially converted into the a-isomeride on recrystallisation from chloroform, 
especially after the solution has been warmed for some time, or on melting, the solidified melt 
remelting at 154—161°. (N.B. An approximately equimolecular mixture of both thio-ethers 
melts at 154—161°.) The conversion of either dichloride into the other is very slight in 
acetone, even on warming the solution. It is interesting to record that, unlike the diethyl 
sulphines, the dimethyl sulphide analogues appear to be stable on keeping. 

Action of Moist Silver Oxide on the Isomeric Dichlorides—The a-dichloride, on being shaken 
with an aqueous suspension of silver oxide for 20 minutes or longer in the cold or warm, was 
decomposed into dimethyl sulphide, silver chloride, and platinum oxide or hydroxide. The filtrate 
had the properties described on p. 182. 

The 8-dichloride under the same conditions gave a faint yellow filtrate reacting alkaline to 
litmus and leaving a yellowish-brown varnish-like solid, too hygroscopic for analysis, when 
evaporated to dryness over phosphoric oxide in a vacuum. This substance, which is most 
probably the 8-base Pt(Me,S),(OH)., dissolves readily in water, the original 8-dichloride being 
precipitated from the solution on neutralisation with dilute hydrochloric acid (Found : Pt, 49-89. 
Calc.: Pt, 50-01%). 

The pink substance (A) breaks down in aqueous silver oxide suspension to the dichlorides, 
thus acting similarly to the $-isomeride with the exception that dimethyl] sulphide is liberated 
as in the case of the a-isomeride. 

Action of Silver Nitrate on the Isomeric Dichlorides.—The solution of 8-dichloride, obtained 
by shaking this isomeride in cold water for several minutes, immediately precipitates silver 
chloride on addition of silver nitrate solution in the presence of nitric acid. No precipitate was 
obtained on treating the «-dichloride in a like manner. 

The Tetrachlorides.—The a-tetrachloride was prepared by passing a slight excess of chlorine 
at ordinary temperature into a chloroform solution of the «-dichloride. Orange-coloured crystals 
separated on standing, and crystallised from chloroform in thick irregular plates {Found : 
Pt, 42-17; 42-06. Calc. for Pt[{(CH,),S],Cl,: Pt, 42-32%}. This substance, on heating, 
changes in appearance at 136°, darkens rapidly at 188°, and melts between 219° and 229° 
(decomp.). 

The 8-tetrachloride was prepared in a similar manner, being precipitated immediately in 
aggregates of very small prisms (Found: Pt, 42-09; 42-07%); it has a minute solubility in 
hot water, chloroform, and benzene, but is insoluble in light petroleum. On heating, it changes 
in appearance at 150°, darkens rapidly at 176°, and melts between 215° and 226° (decomp.). 

_ Preparation of Bisdimethylsulphine-ethylenediaminoplatinous Chloride——The plato-salt 
[Pt(Me,S),en][PtCl,] was prepared by dissolving 6-Pt(Me,S),Cl, in water containing a drop of 
ethylenediamine, and immediately adding aqueous potassium chloroplatinite to the colourless 
solution {Found : Pt, 54°78; 54-47. Calc. for Pt{[(CH;),S],[(CsH,(NH,),][PtCl,] : Pt, 54-49%}. 
This plato-salt crystallises in microscopic, rose-coloured, monoclinic prisms which are unstable 


on standing in water. 
Under similar conditions, the a-isomeride reacted much less readily; dimethyl sulphide 


was evolved and only the compound [Pt(en),][PtCl,] was produced. In cold acetone as 
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solvent, immediate reaction occurred, with evolution of dimethyl sulphide and precipitation of 
[Pt(en),]Cl,, identified by formation of its plato-salt in the usual way {Found : Pt, 59-81. Calc. 
for [Pt{C,H,(NH,),},][PtCl,] : Pt, 59-85%}. 


Crystallographic Measurements. 


a-Bisdimethylsulphineplatinous Chloride.—This substance has been described by Weibull 
(Groth, ‘‘Chemische Krystallographie,” I, 270) as occurring in monoclinic prismatic 
crystals with a:b:c = 1-8788:1:1-4060; $= 120° 11’, the forms observed being 
c{OO1}, 7{201}, p{110}, and o{I11}, with perfect cleavage parallel to c{001}. These results 
have been confirmed, but in accordance with T. V. Barker’s system, the orientation has been 
changed by means of the transformation 


c(001) (201) o(111) p(110) 

R(101) y'(101) q(011) m’ (110) 
The axial ratios thus become a: b: c = 1-689: 1: 1-4060; 8 = 105°52’. The optical properties 
were incorrectly reported by Weibull. We find them to be as follows: Double refraction 


positive, plane of the optic axes perpendicular to {010}, acute bisectrix nearly perpendicular 
to {201}. 2H (in liquid of » = 1-69) = 25° approx. Dispersion p > v. 











X-Ray examination by the rotation method gave the following values: a = 10-16, b = 6-01, 
c = 8-48 A.U.; 8 = 105° 55’. With two molecules in the unit cell the calculated density from 
these figures is 2-58 g./c.c. (Found: by flotation, 2-56). Oscillation photographs indicate 
that the space-group is either P2,/m or P2,/c (Cj, or C},). A rotation photograph about the 
[111] axis shows extremely weak odd layer lines, indicating that the lattice is very nearly body- 
centred. Thus each molecule of «-Pt(Me,S),Cl, has very nearly full C,, symmetry, i.e., a plane 
and a two-fold axis, so that, at any rate to a close approximation, the four valencies to the platinum 
atom must be coplanar, with the thio-ether groups in trans-positions. The deviation from exact 
Cy, symmetry is probably due to the interaction between chlorine and sulphur atoms in neigh- 
bouring molecules. That distortion might arise on this account can be seen from the figure, 
which shows a projection of the probable structure on (010). This structure is in harmony with 
the observed cleavage and optical properties. The interatomic distances in the figure are not 
to scale. 

The «-bromide is completely isomorphous with the chloride. 

8-Bisdimethylsulphineplatinous Chioride.—This substance was described by Weibull (loc. cit.) 
as crystallising with one molecule of chloroform in tetragonal plates. This was confirmed, but 
together with the tetragonal crystals other (superficially identical) square plates were found, 
apparently orthorhombic, showing diagonal extinction and negative birefringence. The 
acute bisectrix is perpendicular to the plate; 2E = 33° approx. These two forms were not 
investigated further on account of the rapidity with which they lose chloroform. It was 
difficult to obtain good crystals of this isomeride free from solvent of crystallisation; the best 
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were obtained from acetone in the form of monoclinic prisms showing the forms a{100}, R{101}, 
b{010}, m{110}, and g{011}, and usually elongated along the a-axis. Combined X-ray and 
goniometric examination gave for the cell dimensions: @ = 9-3, b = 13-2, c = 8-7. ALU.; 
8 = 105° approx. The unit cell so defined contains four molecules (density by flotation, 
2-50 g./c.c.). The crystals were not sufficiently good to enable more precise measurements to 
be made; in addition, they lost their transparency on continual exposure to X-rays, However, 
the fact that there are four molecules in the cell (which is not face-centred or even approximately 
so) shows that the molecular symmetry is less than in the case of the «-isomeride—the molecule 
of B-Pt(Me,S),Cl, cannot possess more than one element of symmetry. Thus the probability of 
an ionised structure with the sulphur atoms in ¢rans-positions is very remote. 

a-Bisdiethylsulphineplatinous Chloride——This substance also was described by Weibull 
(op. cit., p. 273); we have confirmed his angular measurements, but not his axial ratios, 
cleavage, and optical orientation. The correct description is: monoclinic prismatic, showing 
the forms: a{100}, c{001}, r{101}, R{10I}, m{110}; @:b:c = 1-588: 1:1-013; B = 93° 56’. 
(These axial ratios are recalculated from Weibull’s angular measurements.) Cleavage parallel 
to R{101}. Double refraction negative, optic axial plane perpendicular to b{010}, acute 
bisectrix nearly perpendicular to R{101}. X-Ray measurements give a = 12-0, 6 = 7-9, 
c = 7:7A.U. There are two molecules in the unit cell (density by flotation, 2-08 g. /c.c.). 

Bisdimethylsulphinepalladous Chloride——This substance was prepared from potassium 
chloropalladite and dimethyl sulphide (see Ardell, Z. anorg. Chem., 1897, 14, 143; Phillips, 
J. Amer. Chem. Soc., 1901, 28, 255; Drew, Preston, Wardlaw, and Wyatt, J., 1933, 1296). It 
has m. p. 128° and undergoes slow decomposition (Found : Pd, 35-5, 35-0. Calc. : Pd, 35-4%). 
The crystals are deep red but otherwise precisely similar in appearance and properties to 
a-Pt(SMe,),Cl, with which they are isomorphous. The density is 1-99 g./c.c. Goniometric 
examination gave the following results. Monoclinic prismatic; @:b:c = 1-719: 1: 1-419; 
8 = 105° 42’. Angular measurements: 1(101) : R(101) = 79° 26’; ¥(101) : m(110) = 67° 08’; 
R(101) : m(110) = 105° 19’; R(I01) : g(011) = 65° 49’ (calc. 65° 59’). The complete iso- 
morphism of Pd(SMe,),Cl, with Pt(SMe,),Cl, leaves no doubt that the former also has a planar 
tvans-configuration. 


UNIVERSITY OF BIRMINGHAM, EDGBASTON. [Received, December 1st, 1933.] 





50. The Solubility of Cupric Oxide in Salt Solutions. 
By J. M. Ripeion and H. L. RILey. 


BERZELIUS (“ Traité de Chimie,” 1846, 2nd French Edtn., II, 528) observed that cupric 
oxide does not dissolve in aqueous ammonia unless some salt, ¢.g., ammonium carbonate, 
is present. A similar phenomenon has been observed when certain aqueous salt solutions 
are employed instead of ammonia. Copper oxide, in aqueous sodium citrate or oxalate 
(the anions of both these salts possess high co-ordinating tendencies), contained in a flask 
open to the atmosphere, dissolved relatively rapidly, whereas when a stoppered flask was 
used only a small amount of oxide dissolved even after considerable time. Further 
experiments showed that the presence of carbon dioxide was necessary for the solution 
of the oxide to occur to any appreciable extent. The following table shows the results 
obtained for the rate of solution of cupric oxide, under arbitrarily fixed conditions, in the 
following solutions: (A) 0-2N-sodium citrate, (B) 0-2N-sodium citrate + 0-02N-sodium 
hydroxide, (C) 0-2N-sodium citrate + 0-02N-sodium hydrogen carbonate, (D) 0-54N- 
ammonium hydroxide, (E) 0-54N-ammonium hydroxide -+ 0-02N-ammonium carbonate, 
(F) 0-54N-ammonium hydroxide + 0-02N-sodium hydroxide, and (G) 0-2N-sodium 
oxalate, all in atmospheres free from carbon dioxide, and in the following solutions, in 
atmospheres of carbon dioxide : (H) 0-2N-sodium citrate and (I) 0-2N-sodium oxalate. 


Copper dissolved (mg.). 


Time (days). Solution A. B Cc D. E. F, G, H. im 
2 5 1 25 1 20 1 trace 97 16 
5 8 2 42 3 19 l trace 153 60 
10 9 2 68 3 21 1 trace 195 82 
20 ll 3 112 3 22 1 
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Precipitated cupric oxide (B.D.H.), ‘‘ A.R.” sodium citrate, oxalate, and hydroxide and 
ammonium carbonate, and specially prepared carbonate-free ammonium hydroxide were 
employed. 1 G. of copper oxide was weighed into each of six 100-c.c. Pyrex conical flasks, 
into each of which were then delivered 50 c.c. of the particular solution. The flasks were 
immediately placed in a large desiccator containing the requisite atmosphere. The vapour 
pressure of water (and of ammonia in the relevant experiments) in the desiccator was adjusted 
to prevent evaporation from the flasks. From time to time a flask was removed, the residual 
copper oxide filtered off and washed with 2% sodium acetate solution, and the dissolved 
copper in the filtrate determined by means of salicylaldoxime. The rate of solution of the 
copper oxide at room temperature in the various solutions was thus determined. 


It is apparent from these results that an important factor controlling the rate and 
extent of the solution of copper oxide in the various salt solutions is the hydroxyl-ion | 
concentration. Consider first the ammonia solutions. Ammonium hydroxide is a weak 
base and contains a relatively small concentration of hydroxyl ions. It dissolves copper 
oxide by virtue of the tendency which ammonia molecules possess to co-ordinate with 
copper and form complex ions of the type [Cu(NH,),]". Such solution probably occurs 
initially according to the equation CuO + 4NH,,H,O = [Cu(NH,),](OH), + 3H,O. Con- 
ductivity measurements indicate that complex compounds of this type are highly dis- 
sociated in aqueous solution and therefore solution of copper oxide in aqueous ammonia 
will bring about a rapid increase in hydroxyl-ion concentration. 

It can be seen from the following equation for the solution of copper oxide in aqueous 
sodium oxalate, CuO + Na,C,O, + 3H,O0 = Na,[Cu(C,0,).(H,O),] + 2NaOH, that reac- 
tions of this type must also be accompanied by an increase in the alkalinity of the 
solution. 

This view is supported by the above experiments, which show that a small added 
amount of alkali hydroxide very markedly reduces the rate and extent of the solution of 
the copper oxide. The action of carbon dioxide therefore probably depends upon its 
power of neutralising the alkalinity produced in the above reactions, with the formation 
of hydrogen carbonate and a consequent reduction in hydroxyl-ion concentration. The 
inhibiting action of the hydroxyl ions is probably due to one of two causes. 

(a) If the reaction between the copper oxide and the co-ordinating ion or molecule is 
an ionic one, the rate will depend upon the copper-ion concentration which will diminish 
as hydroxyl-ion concentration increases. 

(6) If the reaction is between solid copper oxide and the co-ordinating molecule or 
anion, then it is possible that the inhibiting effect of the hydroxyl ions is due to the 
formation of a surface film of hydroxyl groups on the copper oxide, which will prevent 
the access of the co-ordinating molecules or anions to the copper atoms in the oxide 
lattice. The large inhibiting effect of relatively small concentrations of hydroxyl ions 
supports this explanation. 

It is known that zinc oxide dissolves far more readily in aqueous ammonia containing 
ammonium carbonate than it does in aqueous ammonia alone. This is probably due to 
similar causes. It is also probable that the above offers an explanation of the part played 
by carbon dioxide in accelerating certain types of metallic corrosion (cf. Riley, Proc. Roy. 
Soc., 1934, A, 148, 399). 


ARMSTRONG COLLEGE (UNIVERSITY OF DURHAM), 
NEWCASTLE-UPON-TYNE. [Received, November 22nd, 1933.] 
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51, The Constituents of Indian Turpentine from Pinus longifolia, 
Roxb. Part III (continued). 


By A. E. BRADFIELD, E. M. Francis, and J. L. SIMONSEN. 


Tue formation of longifolic and isolongifolic acids (J., 1923, 128, 2642) by the oxidation 
of longifolene * suggested the presence of a vinyl side chain in the hydrocarbon. It 
seemed possible that the fortnation of longifolic acid might have involved a molecular 
rearrangement, since one is undoubtedly concerned in the simultaneous formation of the 
diketone, d-longif-1 : 2-dione (loc. cit., p. 2647), and therefore, before further experiments 
were initiated, it was of importance to establish beyond question the presence of the 
vinyl group. ' 

The oxidation of longifolene with ozone yielded formaldehyde and an ozonide, which, 
on digestion with water and treatment with hydrogen peroxide, gave a levorotatory 
acid, C,,H,,0,. This acid was obtained in dimorphic forms, m. p. 140—142° and 121— 
122°: it is isomeric with longifolic and isolongifolic acids, and the name «-longifolic acid 
is proposed for it. There can therefore be no doubt that longifolene contains a vinyl side 
chain; in only one other case, that of pimaric acid (Ruzicka, de Graaf, Goldberg, and 
Frank, Helv. Chim. Acta, 1932, 15, 915), has this group been found in a member of the 
terpene series. 

The statement (loc. cit.) that isolongifolic acid is optically inactive has now been found 
to be incorrect. The relationship of the three isomeric acids is discussed on p. 191. 

In view of the known stability of longifolic acid it was decided to attempt to replace 
the carboxyl group by an amino-group, from which the corresponding alcohol and hydro- 
carbon could be prepared. It was anticipated that the latter would prove suitable for 
degradation. The poor yield of longifolamide obtained from the acid chloride and 
ammonia in the usual manner (loc. cit., p. 2656) is due to the great ease with which the 
amide is dehydrated to the nitrile. Under conditions which reduce this secondary reaction 
to a minimum, longifolamide can be prepared in excellent yield. The conversion of this 
through the urethane into 1l-amino-l-methyllongifane presented little difficulty and this 
base was prepared in considerable quantity. Since a mixture of longifolic and isolongifolic 
acids was used in its preparation, the base was a mixture of stereoisomerides. No attempt 
was made to separate these, but the mixture was characterised by the preparation of a 
number of crystalline derivatives, some of which were isolated in two forms. Two meth- 
todides, «-, m. p. 258—259°, and 6-, m. p. 160—162°, were prepared, the hydroxides of 
which on distillation under diminished pressure lost methyl alcohol with the formation of 
the dimethylamino-base, isolated as its hydrochloride ; only small traces of neutral products 
were formed simultaneously. Treatment of the base with sodium nitrite in the presence 
of mineral acid or acetic acid caused much resinification, but a satisfactory yield of a 
mixture of hydrocarbons and alcohol was obtained when the phosphate of the base was 
treated with sodium nitrite in the presence of steam. 

Although no direct evidence was available, it had been deduced from the general 
properties of longifolic acid that the carboxyl group was attached to a quaternary carbon 
atom. This conclusion received confirmation in the fact that the alcohol obtained from 
the base, although not pure, did not react with phthalic anhydride at 110—120° and was 
therefore a tertiary alcohol. 

Dehydration of the alcohol-hydrocarbon mixture with potassium hydrogen sulphate 
gave a hydrocarbon, C,;H9, which, although it had a constant boiling point, consisted of 
at least three isomerides. Titration with a standard peroxide solution indicated 40% of 
a saturated tetracyclic hydrocarbon, the presence of which limited severely the material 
available for degradation. Preliminary experiments showed that the unsaturated hydro- 


CH 
* The tricyclic nucleus Cutie | . present in longifolene has been designated Jongifane: the 
Hy 


sesquiterpene will then be 1-methyl-1-vinyllongifane, and longifolic acid 1-methyllongifane-1-carboxylic 
acid. 
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carbon in the mixture gave formaldehyde on ozonolysis, indicating the presence of a 
methylene group. Oxidation of the mixture with permanganate in alkaline solution was 
very slow, but two crystalline products were isolated in extremely small yield: (a) a 
dibasic acid (F), C,3H 90,4, m. p. 235—236°, which gave a liquid anhydride on digestion 
with acetyl chloride, and (b) a lactone, C,,.H,,05, m. p. 190°. 

The mixture was submitted to ozonolysis, and the ozonides decomposed by catalytic 
hydrogenation as suggested by Fischer, Diill, and Ertel (Ber., 1932, 65, 1467). In addition 
to formaldehyde and the saturated hydrocarbon, a ketone, C,,H,,0, characterised by the 
semicarbazone, m. p. 208—209°, and a mixture of acids were obtained. The quantity of 
ketone was insufficient for purification, but it was shown to contain a methylene group 
adjacent to the carbonyl group by the preparation of a liquid hydroxymethylene deriv- 
ative, from which a crystalline semicarbazone, C,4H,,O,N3, m. p. 199°, was prepared. 

The tetracyclic hydrocarbon, 1-methyldehydrolongifane, referred to above was readily 
obtained pure. Its formation by the dehydration of a-tertiary alcohol suggested by 
analogy that it contained a cyclopropane ring, and support was lent to this suggestion by 
the fact that it gave with hydrogen chloride in ethereal solution a liquid hydrochloride, 
which, although it was not obtained pure, had the composition C,,;H,,Cl. The molecular 
refraction of the hydrocarbon ([Rz]p, 54:11. Calc. for C,3Hg9, 53-60) shows an exaltation 
of 0-51, which is of the same order as that shown by tricyclene (0-80) (Ostling, J., 1912, 
101, 472). 

If the conversion of l-amino-l-methyllongifane (II) into the alcohol (III) and the 
unsaturated hydrocarbon (IV) is unaccompanied by molecular rearrangement, the degrad- 
ation of longifolene (I) to the ketone longif-l-one (V) can be represented by the scheme : 


Me-CH:CH Me’CO,H Me-NH Me-OH 
Croan +i a> CHa a > CHa in o> CH 
2 2 


i (II.) * (IL) 
COM CM O -CH 
CroHie< Co, H <— CiHig<t “ CroHic<t ST CroHig<t : 
CH CH, CH, 
(VII.) (VI.) (V.) (IV.) 


The mixture of acids obtained after decomposition of the ozonides (above) gave reactions 
indicating the presence of a carbonyl group. Probably, therefore, the unsaturated hydro- 
carbon (IV) was mixed with the isomeride (VI), which would give rise to the ketonic 
acid (VII). However, neither this acid nor the dibasic acid corresponding to it could be 
obtained pure. 

The isolation of the lactone C,,H,,0, (IX), m. p. 190°, as a product of the oxidation of 
the hydrocarbon (IV) with potassium permanganate is in agreement with the suggested 
structure, since the parent hydroxy-acid (VIII) might result by the degradation of 


longif-1-one (V) : (-CMe,*CO,H 
- a Ae 


CO,H > Me, ( 
(V) —> CHie<cHt.on —> CwHie<cy, >? (x a * \-CO,H 


(VIII.) (IX.) (X. " (XI.) 


It is somewhat more difficult to account for the formation of the acid (F) (see above) in 
the same reaction. An obvious analogy is the formation of camphenecamphoric acid by 
the oxidation of camphene. The ring widening involved may be connected with the 
absence of a hydrogen atom attached to the @-carbon atom, as indicated in the partial 
formule (X) and (XI). If one of the 6-carbon atoms in the “‘ camphene ” hydrocarbon (IV) 
also has no hydrogen attached to it, the formula for this hydrocarbon may be expanded 
to (XII) and the dibasic acid (F) represented by (XIII). 

aa _-CMe—C:CH <—__CMe'CO,H 
(SIL) ‘CH Gr. po CoHis<CH.-COnn (XIII.) 

Further insight into the structure of longifolene was obtained by a study of its oxid- 

ation with manganese dioxide and sulphuric acid and with nitric acid. With the former 
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it gave trimellitic acid and an acid yielding a crystalline methyl ester, m. p. 145—147°, 
which was not identified. 

The oxidation of longifolene with nitric acid, which was somewhat difficult to control, 
gave an extremely complex mixture of acids, from which, by the methods detailed on 
p. 192, the following were separated: a tribasic acid (A), C,,H,,0,, m. p. 283—285°, 
a tribasic acid (B), Cy;H9O,, m. p. 222—224°, a dibasic acid (D), C,,H,,04, m. p. 183— 
185°, as-dimethylsuccinic acid, and dimethylmalonic acid. as-Dimethylsuccinic acid has 
been obtained already by the oxidation of longifolic acid with potassium permanganate 
(loc. cit., p. 2658) and its formation is of importance in establishing the presence of a 
gem-dimethyl group in the hydrocarbon. The tribasic acid (A), which was formed in the 
largest quantity, is extremely stable and all its carboxyl groups are attached apparently 
to quaternary carbon atoms, since its acid chloride cannot be brominated and it can only 
be titrated electrometrically. Its formation from longifolene can be readily explained if 
its three carboxyl groups are formed by the oxidation of (a) the vinyl group and (b) two 
methyl groups not attached to the same carbon atom. The methyl group attached to 
the same carbon atom as the vinyl group cannot be involved, and, since the acid is not a 
malonic acid, only one of the methyl groups attached to the gem-dimethyl group is con- 
cerned in its formation. This necessitates the presence in the hydrocarbon of a further 
methyl group and enables us to expand the formula of longifolene to (XIV); the tribasic 


acid (A) would then be (XV). 


(XIV.) (CMe,)C,H Mechh° CH-CH, COsH-CMeCgH,(COH}<E RO Ca (XV.) 
Hy, ang 
(XVI) CO,H-CMe:C,H,(CO HN CH,'CO,H 
H, 

The dibasic acid (D) cannot result from a simple degradation of the longifolene nucleus, 
since it must be monocyclic and a ring fission is therefore involved in its formation. As the 
study of its reactions should throw further light on the constitution of the sesquiterpene, 
it is hoped to prepare this acid in quantity. 

The isolation of the acid (B) containing fifteen carbon atoms was unexpected, but its 
formation is evidently due to the addition, prior to oxidation, of a hydroxyl (or nitro-) 
group to the a-carbon atom of the vinyl side chain and the acid may be represented by (XVI). 

The data available are insufficient to provide rigorous proof of the structure of longi- 
folene, but they limit very considerably the number of possible formule if we assume the 
hydrocarbon to be built up from three isoprene nuclei. Any constitution must accord 
with the following facts: (i) the ring structure is extremely stable; it cannot therefore 
contain a cyclopropane ring, and a cyclobutane ring is somewhat improbable; (ii) it must 
contain a gem-dimethyl group as a part of the ring structure; (iii) it must contain a 
cyclohexane ring substituted in the 1 : 2 : 4-positions; and (iv) it must contain the group 


—CMe:CH:CH, and probably :CMe—CMe-CH-CH, 
—CH, —CH, 

Of the possible tricyclic structures containing only cyclopentane and cyclohexane rings 
which fulfil these conditions, we suggest as the most probable (XVII) and (XVIII). The 
former is preferred as a representation of longifolene, since it only can give rise to a 
tetracyclic hydrocarbon structure containing a cyclopropane ring. A study of the models 
of the suggested formule for longifolene and the tetracyclic hydrocarbon shows them to 
be without strain. 








MeC:CH:CH, H,C 
H,C——_|—CMe H,C | CH 

(XVII) CH, | ae | (XVIII) 
HC——-CH—CH HC——CMe———_-CH 


mi PRE - Lo 
Me,C——CH, Me,C—————_CH, 
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There is one fact which appears to be in disagreement with these structures. The 
dibasic acid (F) (p. 189) obtained by the oxidation of the unsaturated hydrocarbon with 
potassium permanganate gives an anhydride. On the basis of the suggested formula 
(XVII) for longifolene this acid would be a substituted adipic acid. A study of the model 
of this acid has shown that anhydride formation from the cis-modification should occur 
readily, since one of the carboxyl groups is fixed by its position in the dicyclic structure. 
We do not therefore regard this as a valid objection, more especially since the related 
Blanc rule has been shown not to hold in polycyclic structures. 

Of the three forms of longifolic acid which have been prepared, two, isolongifolic and 
a-longifolic acids, are optically active; their relationship to one another has not been 
fully elucidated. These acids contain the structure >CMe’CO,H in which the quaternary 
carbon atom is asymmetric and there appears to be little doubt that longifolic and 
isolongifolic acids, which are always formed simultaneously, are cis-trans-isomerides, as 
was previously suggested. «-Longifolic acid is possibly a stereoisomeride of either the 
cis- or the trans-modification, the isomerism involving optical inversion of one of the 
other asymmetric centres present in the molecule. 

Somewhat remarkable results were obtained by the oxidation of 1-amino-l-methy]l- 
longifane with potassium permanganate in acetone solution, an experiment made with 
the object of effecting ring fission at the ‘;CMe-NH, group. The two main products of 
the reaction were (i) «-l-acetamido-1-methyllongifane and (ii) an acid (E), C}gH,;0,N, m. p. 
122—124°, which gave by loss of carbon dioxide a substance, m. p. 144°, isomeric with 
a-l-acetamido-l-methyllongifane and from which the base was obtained by digestion 
with alcoholic sulphuric acid. The formation of these substances can be explained most 
simply if the hydroxylamine (XIX) is the primary product of the reaction. This would 
condense with the enolic form of acetone to give (XX), which would be oxidised by per- 
manganate to the trihydroxy-compound (XXI), from which, by loss of water and further 
oxidation of the primary alcohol group, the acid (E) (XXII) would result. Elimination 
of carbon dioxide from this would give the isomeride (XXIII) of «-l-acetamido-1-methyl- 
longifane. This is simply an N-alkyl derivative of acetaldoxime and may be written 
(XXIV): its hydrolysis to 1-amino-l-methyllongifane, involving a Beckmann rearrange- 
ment, would be anticipated. 


CH,-OH 
R-NH, —> R-NH-OH —> R-N(OH)-CMe:CH, —-> R-N(OH)-CMe —> 
(XIX.) (XX.) (X XI.) \OH 
R-N—CMe:CO,H R-N—-CHMe R-N:CHMe 
(XXII) »¢ —> e —? | (R = C,3H3)) 
(X XIII.) O (XXIV.) 


Whilst the mechanism outlined above explains satisfactorily the formation of the 
acid (E), it does not account for the formation of «-l-acetamido-l-methyllongifane. It is 
of course possible that (XXIV) is formed during the course of the reaction, but its 
isomerisation to the acetyl derivative involves a Beckmann change in an alkaline medium. 
In our opinion it is more probable that the acetyl derivative (XX VI) owes its formation 
to the oxidation of (XXI) to the dihydroxy-acid (XXV), from which it would result by 
the loss of water and carbon dioxide : 


CO,H 
(XXI) —> R-N(OH)-CMe —> R-N(OH)-CHMe-OH —> R-N:CMe-OH —> R-NH-COMe 
(xxv, OH (XXVI.) 


It is proposed to study the mechanism of this reaction with more readily accessible 
bases, 





192 Bradfield, Francis, and Simonsen: The Constituents of 


EXPERIMENTAL. 


Oxidation of Longifolene-—(1) With ozone. The hydrocarbon (10 g.) in carbon tetrachloride 
(20 c.c.) was treated at 0° with ozone until this passed freely through the solution: form- 
aldehyde was detected in the issuing gas. After removal of the solvent under diminished 
pressure, the ozonide was decomposed with water on the water-bath. The heavy brown oil 
obtained, consisting of a mixture of an acid and an aldehyde, was kept for 24 hours with an 
excess of hydrogen peroxide. The crude acid was dissolved in ligroin and shaken with sodium 
hydroxide, and the alkaline solution, which contained a liquid, sparingly soluble sodium salt, 
was separated and acidified. The liberated acid, which slowly solidified, was washed with 
formic acid, dried on porous porcelain, and recrystallised from formic acid, in which it was 
very sparingly soluble, and then from ligroin (b. p. 40—60°). «-Longifolic acid formed soft 
needles, m. p. 140—142°, [a]544,; — 31° (in ethyl alcohol; c, 3-86) (Found: C, 76-0; H, 10-1. 
C,,4H,,0, requires C, 75-7; H, 10-1%). A labile form, m. p. 121—122°, obtained on one 
occasion, when melted and seeded with the higher-melting modification, resolidified and the 
m. p. was now 140—142°. In its general properties «-longifolic acid closely resembles its 
isomerides, although it is more sparingly soluble in the usual solvents. Its methyl ester is 
an oil, 

isoLongifolic acid has now been found to have [a]54g, — 12-7° (in ethyl alcohol; c, 14-064) ; 
methyl isolongifolate has [«] 54g, + 5-94° (in methyl alcohol; c, 4-68). 

(ii) With manganese dioxide and sulphuric acid. To a mixture of longifolene (15 g.), water 
(450 c.c.), and sulphuric acid (375 c.c.) boiling under reflux, manganese dioxide (220 g.) was 
added gradually. After 18 hours the solution was filtered, unchanged hydrocarbon extracted 
with ether, and the diluted sulphuric acid solution extracted with ether in a constant extrac- 
tion apparatus for 24 hours. The dried ethereal extract was evaporated, leaving a gummy 
solid (2-7 g.). This was dissolved in hot water and the crystals (M) (0-2 g.) which separated on 
cooling were collected. The filtrate was evaporated, and the residual acid converted through 
the silver salt into the methyl ester, b. p. 200—210°/13 mm. Hydrolysis of the methyl ester 
with concentrated hydrochloric acid at 140° gave an acid, which after two crystallisations 
from hydrochloric acid had m. p. 219—221°, both alone and after admixture with authentic 
trimellitic acid (Found: C, 51-2; H, 2-9. Calc.: C, 51-4; H, 29%). The acid (M), decomp. 
about 262°, crystallised from dilute methyl alcohol in rosettes of needles, decomp. 264—265° 
(darkening at 240°). Its methyl ester, prepared from the silver salt, crystallised from methyl 
alcohol in silky needles, m. p. 145—147° [Found : C, 65-3; H, 5-5. (C;H,O), requires C, 65-5; 
H, 5-4%]. The acid was not identified. 

(iii) With nitric acid. Toa hot mixture of nitric acid (d 1-4; 350 c.c.) and water (500 c.c.), 
longifolene (100 g.) was added in small quantities: the green oil produced decomposed with 
evolution of gas and care was necessary to prevent an explosive reaction. The mixture was 
heated on the water-bath with occasional shaking for 5 days, nitric acid (d 1-4; 100 c.c.) being 
added after the first day. The acid solution from two such oxidations was decanted from a 
heavy brown oil and concentrated on the water-bath, with occasional addition of water, to a 
small bulk, a crystalline acid (Y) (11 g.) which separated was collected, the filtrate further 
concentrated, a second crop (1 g.) of crystals added to (Y), and the filtrate finally evaporated 
on the water-bath, with occasional addition of water, until quite free from nitric acid, a yellow 
oil (X) being obtained. 

The dry solid (Y) was shaken with chloroform, the insoluble portion extracted with acetone, 
and the residue (5-4 g.) crystallised repeatedly from formic acid, an acid (A) being obtained in 
rosettes of prismatic needles, decomp. 283—285° (sintering at 258°) or, if rapidly heated, at 
289°. The acid crystallised also from methyl alcohol in prismatic needles, which changed in 
the solvent to massive rhombohedra, decomp. 272—273° (Found : C, 59-2; H, 6-8. C,,4H,,O, 
requires C, 59-6; H, 6-4%). The rotatory power, [a],4,, — 36-25°, of the sodium salt was 
determined in water. The acid (A) was sparingly soluble in water, acetone, and chloroform, 
more readily in hot acetic acid, formic acid, and methyl alcohol. It was extremely weak and 
did not give satisfactory results on titration with phenolphthalein as indicator. The molecular 
weight, kindly determined by Mr. W. C. Evans, B.Sc., by electrometric titration, was 292, 
calculated as tribasic from the second neutralisation point (calc. from the formula weight, 
282). The acid (A) could be recrystallised from concentrated nitric acid and it was not attacked 
by potassium permanganate in hot alkaline solution or by chromic acid in acetic acid. It was 
recovered unchanged after fusion with potassium hydroxide or after treatment with hydrogen 
bromide in acetic acid at 180°. Selenium at 300° had no action on it. The methy/ ester, 
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prepared from the silver salt by methyl iodide in benzene, crystallised from dilute methyl 
alcohol in soft prismatic needles, m. p. 73—74°, [a]546, -++ 42-2° (in ethyl acetate; c, 3-556) 
[Found : C, 62-6; H, 7-7; M (Rast), 320-7. C,,H.,O, requires C, 62-9; H, 7-4%; M, 324). 

The acetone extract from the acid (A) was concentrated and, after removal of a further 
quantity of this acid, evaporated completely; the residual gum (1-3 g.) crystallised when 
triturated with formic acid. The acid (B), after repeated crystallisation from hot water, was 
obtained in prisms, decomp. 222—224°; [a]54g, + 52-81° (in ethyl alcohol; c, 2-630) (Found : 
C, 60-6; H, 7-0. C,,;HO, requires C, 60-8; H, 6-7%). It was readily soluble in hot water, 
alcohol, and acetone, sparingly in cold formic acid and chloroform. When heated with acetyl 
chloride, it gave a gummy anhydride, insoluble in sodium carbonate but soluble in sodium 
hydroxide solution. The tribasicity of the acid was determined by Mr. W. C. Evans by 
electrometric titration (Found: M302. Calc., 296). Like the acid (A), the acid (B) was 
extremely resistant to reagents. The methyl ester was an oil. 

In one experiment, in place of the acid (B), an isomeric acid (C) was obtained, which 
crystallised from hot water in long prisms, m. p. 199—200° (sintering at 190°) (Found: C, 
60-7; H, 7-2. C,;H gO, requires C, 60-8; H, 6°7%). On digestion with acetyl chloride it 
gave a crystalline anhydride, which separated from ligroin in long needles, m. p. 103° (Found : 
C, 64-5; H, 7-0. C,;H,,0, requires C, 64-7; H, 6-5%). 

The chloroform extract of the original mixture of acids (Y) gave on evaporation of the 
solvent a gum. This was dissolved in hot water and boiled with an excess of calcium hydroxide, 
the sparingly soluble calcium salt removed, and the filtrate acidified. The small quantity of 
acid deposited was crystallised twice from hot water, the acid (D) being obtained in prisms, 
m. p. 183—185° (Found : C, 61-6; H, 7-9. C,,H,,O, requires C, 61-7; H, 8-4%). 

The yellow oil (X) (see p. 192) was suspended in hot water, and an excess of milk of lime 
added to the boiling solution. After removal of the insoluble calcium salts, the solution was 
concentrated and acidified. The brown oil precipitated was extracted with ether (5 times), 
the dried extract evaporated, and the residual oil (100 g.) esterified with methyl alcohol and 
sulphuric acid. The partly esterified oil (53 g.) was recovered and re-esterified. The ester 
(51 g.) was fractionated under diminished pressure (17 mm.), but no homogeneous fractions 
were obtained. The two fractions of lowest b. p., 90—105° and 105—120°, gave on hydrolysis 
with methyl-alcoholic potassium hydroxide a mixture of acids which partly crystallised. In 
each case the acid was dissolved in hot water, the solution made faintly alkaline with ammonia, 
calcium chloride added, and the solution boiled. A crystalline calcium salt separated and 
this, decomposed in the usual manner, gave as-dimethylsuccinic acid, m. p. 139—140° (alone 
and in admixture with an authentic specimen). The filtrate from the insoluble calcium salt 
gave on acidification and extraction with ether dimethylmalonic acid, decomp. 185—187° 
(alone and after admixture with another specimen). 

Preparation of 1-Amino-1-methyllongifane.—Longifolamide. The acid chloride (b. p. 173°/ 
20 mm.), prepared from longifolic acid (25 g.) and thionyl chloride, was dissolved in ligroin 
(b. p. 40—60°) (250 c.c.) and added during 2 hours to ligroin (500 c.c.), cooled in salt-ice and 
mechanically stirred, through which a rapid stream of ammonia was passing. After further 
passage of ammonia for 1 hour, the solution was kept over-night, the ligroin then decanted from 
the mixture of amide and ammonium chloride, water added, and the further quantity of ligroin 
which separated added to the first fraction. The aqueous layer, which contained much solid 
in suspension, was extracted with ether, and the ethereal extract combined with the residues 
remaining after evaporation of the ligroin. The extract was well washed with sodium hydroxide 
solution to remove unchanged acid (0-5 g.), dried, and evaporated. The brown oily residue 
was distilled in steam to remove nitrile (0°8 g.) (see below), and the heavy non-volatile oil, 
after drying in a vacuum, triturated with ligroin. The amide (15 g.), which remained as a 
colourless crystalline solid, was sufficiently pure for further experiments. The ligroin solution 
gave on evaporation a further quantity of crude amide (5-5 g.), which was suitable for con- 
version into the urethane. In methyl-alcoholic solution (c, 4-197) longifolamide was levo- 
rotatory, [%]546; — 20-5°. 

The amide was converted very readily into Jongifonitrile, and this, under the ordinary 
conditions employed for the conversion of acid chlorides into amides, formed the main product 
of the reaction. The nitrile is a faintly yellow viscid oil, b. p. 145—150°/2 mm.; it was not 
obtained quite free from the amide (Found: C, 81-6; H, 10-5. C,,H,,N requires C, 82-8; 
= 10-3%). It was hydrolysed to the amide by heating with sulphuric acid (90%) at 65—70° 
or 17 hours. 

The urethane (/oc. cit., p. 2657) was prepared more conveniently by the following modific- 
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ation of the method previously employed. To a well-cooled solution of the amide (5 g.) in 
methyl alcohol, bromine (1-6 c.c.) was added and then, in one portion, well-cooled sodium 
methoxide (Na, 2-7 g.; MeOH, 60 c.c.). The mixture was heated on the water-bath for 1} 
hours and made faintly acid with acetic acid, and the methyl alcohol distilled off. After 
addition of water, the urethane was dissolved in ether, and the ether washed with potassium 
hydroxide solution, dried, and evaporated. The urethane, which crystallised rapidly, m. p. 
66—71°, was recrystallised from dilute methyl alcohol, forming thin plates, m. p. 76—77°, 
[%] sae, — 11-1° (in methyl alcohol; c, 2-624) (Found: C, 71-7; H, 9-9. Calc. for C,;H,,O,N : 
C, 71-7; H, 10-0%). 

1-Amino-1-methyllongifane. The urethane (10 g.) was heated with sodium amyloxide (Na, 
5 g.) at 160° for 8 hours. The cooled solution after dilution with water was made acid with 
hydrochloric acid, and the amyl alcohol removed in steam. After addition of excess of sodium 
hydroxide the liberated base was distilled in steam, the distillate saturated with salt, the base 
extracted with ether, and the dried ethereal extract evaporated. 1-Amino-1-methyllongifane 
is a colourless viscid oil, b. p. 150°/18 mm., [«]54¢, — 35-3° (in ethyl alcohol; c, 10-874) (Found : 
C, 80-7; H, 12-0. C,,H,,N requires C, 80-8; H, 11-9%). The hydrochloride crystallised from 
dilute hydrochloric acid in prismatic needles, decomp. 280—282° (sintering at 258°) (Found : 
Cl, 14-9. C,,H,,;N,HCl requires Cl, 15-5%). The nitrite crystallised from aqueous sodium 
nitrite in needles, decomp. 132° (Found: N, 11-6. C,;H,,N,HNO, requires N, 11:7%). «- 
and (-Acetyl derivatives. The base, mixed with twice its volume of acetic anhydride, was 
boiled for 2 minutes; to the cooled solution, which deposited crystals, alcohol was added, and 
the mixture boiled. The solvent was removed in a vacuum over potassium hydroxide, and 
the residual solid, needles, m. p. 135—170°, extracted with ligroin (b. p. 40—60°). The residue, 
m. p. 180° (sintering at 170°), was crystallised twice from ethyl acetate; the «-acetyl derivative 
separated in fine needles, m. p. 191—192°, [a] 544, — 56-4° (in ethyl alcohol; c, 2-146) (Found : 
N, 6-1. C,,H,,ON requires N, 6.0%). The ligroin solution on cooling deposited a solid, m. p. 
173°, from which a further quantity of the «-acetyl derivative was obtained on crystallisation 
from ethyl acetate. Complete evaporation of the ligroin gave a somewhat gummy solid which, 
after fractional crystallisation from dilute methyl alcohol and finally from ligroin, gave the 
B-acetyl derivative in needles, m. p. 163—165° (Found: N, 61%). The 3: 5-dinitrobenzoate 
crystallised from methyl alcohol in pale yellow needles, m. p. 199—200°; [a]544, — 12-2° (in 
chloroform; c, 2-372) (Found: C, 61-8; H, 6-6. C, 9H,,O,;N, requires C, 62-0; H, 6-5%). «- 
and ®-Methiodides. The base (5 g.), methyl iodide (17-5 g.), sodium carbonate (7-5 g.), and 
water (20 c.c.) were heated on the water-bath under reflux in an apparatus provided with a 
mercury seal for 8hours. After remaining over-night, the solution was saturated with potassium 
iodide, and the solid which separated collected. The a-methiodide, which was readily soluble 
in water, methyl alcohol, and chloroform, but only sparingly in benzene and ethyl acetate, 
crystallised from benzene—chloroform in prisms, m. p. 258—259° (Found: I, 35-3. C,gH NI 
requires I, 35-0%). The original mother-liquor, from which the a-methiodide had been 
separated, gave on addition of sodium hydroxide solution a liquid methiodide (5 g.), which 
crystallised on keeping. This was heated under reflux with an excess of methyl iodide in the 
presence of sodium hydroxide, and the methiodide isolated by extraction with chloroform. 
The solid remaining after evaporation of the solvent was triturated with ethyl acetate; it 
then had decomp. 160—162° (sintering at 148°). After two crystallisations from benzene the 
8-methiodide was obtained in fine needles, decomp. 184°. It crystallised with 1H,O, which was 
not lost at 100° (Found : I, 33-4. C,gHs )NI,H,O requires I, 33-3%). 

In an attempted degradation the 8-methiodide (5 g.) was added to silver oxide (from AgNO,, 
3-5 g.) in water (50 c.c.) and shaken for 12 hours at 60°. The filtered solution was concentrated 
on the water-bath, and the residual oil distilled under diminished pressure (22 mm.); vigorous 
decomposition occurred and an oil distilled at 140—150°. This was dissolved in ether and 
then washed with dilute hydrochloric acid; the acid solution deposited a crystalline hydro- 
chloride (1-2 g.), and a further quantity (2-6 g.) was obtained on evaporation. The dimethyl- 
amino-hydrochloride crystallised from dilute hydrochloric acid, in which it was somewhat sparingly 
soluble, in thin plates, m. p. above 280° (Found: C, 69-8; H, 11-4; Cl, 13-3. C,,H,,N,HCl 
requires C, 69-9; H, 10-9; Cl, 13-4%). The a-methiodide, after conversion into the ammonium 
base, behaved similarly, but the yield of hydrochloride was somewhat smaller and there was a 
distinct odour of trimethylamine. 

Conversion of 1-Amino-1-methyllongifane into Hydrocarbons and Alcohol_—To a mixture of 
l-amino-1-methyllongifane (5 g.), phosphoric acid (5 g.), and water (100 c.c.) through which a 
rapid current of steam was passing, sodium nitrite (3 g.) in water (50 c.c.) was added during 2 
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hours. When no further oil passed over, the distillate was saturated with salt, and the oil 
(2-5 g.) extracted with ether. The acid solution gave on basification unchanged base (2 g.). 
The oil volatile in steam (6 g.) was distilled under diminished pressure (18 mm.), giving two 
fractions: (i) 120—130° (2-9 g. Found: C, 85-4; H, 11-6%), and (ii) 130—160° (2-5 g. 
Found: C, 82-1; H, 11-5%). The two fractions were combined and heated at 200° with 
potassium hydrogen sulphate, and the recovered oil distilled over sodium (twice); the hydro- 
carbon then had b. p. 124°/20 mm., a3. 0-95; n° 1-4995, [«] 546, + 6-04° (in acetone; c, 18-222) 
(Found: C, 88-0; H, 11-9. C,3Hy requires C, 88-6; H, 11-4%). The hydrocarbon, which 
had an odour resembling that of longifolene, was a mixture, since titration with camphoric 
acid peroxide gave only 54-8% of unsaturation. With hydrogen chloride in ethereal solution 
at 0° it gave a liquid hydrochloride (Found: Cl, 12-6. (C,;H,,Cl requires Cl, 16-7%). The 
higher-boiling alcohol fraction (see above) did not react with phthalic anhydride at 110—120° 
and it could not be dehydrated with either naphthalene-f-sulphonic acid or the Grignard reagent. 

Oxidation of the Hydrocarbon Mixture.—(i) With potassium permanganate. The hydrocarbon 
(4 g.), sodium hydroxide (1 g.) in water (10 c.c.), potassium permanganate (7-2 g.) and ice 
(400 c.c.) were shaken for 10 hours, much permanganate still remaining unattacked. This was 
reduced with sulphur dioxide. The unchanged hydrocarbon and oxidation products were 
extracted from the clear solution with ether, the acids removed with sodium carbonate, and 
the ether dried and evaporated; the hydrocarbon (3 g.) then remained. The sodium carbonate 
solution on acidification gave a viscid oil, which was dissolved in ether and, after removal of 
the solvent, ground (0-9 g.) with formic acid; a crystalline solid then separated. The acid (F) 
crystallised from formic acid in thin leaflets which under the microscope were seen to consist 
of perfectly formed, equilateral triangles, m. p. 235—236° (Found: C, 65-0; H, 8-5. C,3H»O, 
requires C, 65-0; H, 8-3%). On digestion with acetyl chloride the acid gave a liquid anhydride, 
which was insoluble in cold sodium hydroxide solution and only slowly dissolved on warming, 
with formation of the sodium salt of the acid. The original formic acid solution, from which 
the acid (F) had been separated, was evaporated in a vacuum over potassium hydroxide, and 
the ojl digested with acetyl chloride for 2 hours. After removal of the excess of acetyl chloride 
the residue was ground with sodium carbonate solution, a pasty mass remaining undissolved. 
This was rendered to ether, the extract dried, and the solvent evaporated. The partly crystal- 
line residue was ground with methyl alcohol, and the solid collected and recrystallised from 
methyl alcohol and then from benzene-ligroin; the /actone was thus obtained in thin leaflets, 
m. p. 190° (Found: C, 73-7; H, 9-1. Cj ,H,,O, requires C, 74-2; H, 9-3%). The lactone 
was sparingly soluble in hot water and only very slowly in hot sodium hydroxide solution, 
which on acidification gave an acid which was not obtained crystalline. The methyl-alcoholic 
solution from which the lactone had been removed gave a further quantity of the acid (F). 

(ii) With ozone. Ozone was passed through a solution of the hydrocarbon (3 g.) in ethyl 
acetate (20 c.c.), cooled in acetone—carbon dioxide, until the issuing gas liberated iodine from 
potassium iodide—boric acid solution. After addition of palladium-norite (1 g.) the ethyl 
acetate solution was shaken with hydrogen until no further absorption took place (130 c.c.; 
8 hours); the filtered solution was then washed with water. The aqueous extract contained 
formaldehyde (dimedone test). The products from several such oxidations were combined, 
the ethyl acetate evaporated, the residue dissolved in ether, the ethereal extract washed with 
potassium hydroxide solution (which removed an acid giving a liquid sparingly soluble potassium 
salt) and dried, and the solvent removed. The residual oil, which had a strong camphoraceous 
odour, was distilled in steam, and the volatile oil isolated by ether and distilled under diminished 
pressure (22 mm.), whereby it was readily separated into two main fractions: (i) 120—130° 
and (ii) 130—150°. Fraction (i), distilled over sodium (twice), had b. p. 125—127°/25 mm., 
a. 0-9514, n° 1-4967, [a] 54g, + 18-8° (in ethyl acetate; c, 17-10) (Found: C, 88-2; H, 11:8. 
C,,Hg requires C, 88-6; H, 11-4%). The tetracyclic hydrocarbon, 1l-methyldehydrolongifane, 
had a pleasant odour and in alcoholic solution gave no colour with tetranitromethane. With 
hydrogen chloride in ethereal solution at 0° it gave a liquid hydrochloride (Found: Cl, 13-5. 
C,3;H,,Cl requires Cl, 16-9%). The higher-boiling fraction (ii) was redistilled, two fractions 
being obtained: (a) a mobile camphoraceous oil, b. p. 130—140°/22 mm., and (b) a viscid 
yellow oil, b. p. 140—160°/22 mm. Fraction (a) gave with semicarbazide acetate a semi- 
carbazone, which crystallised from dilute methyl alcohol in matted needles, m. p. 208—209° 
(Found: C, 66-8; H, 9-1. C,s;H,,ON, requires C, 66-4; H, 8-9%). For the preparation of 
the hydroxymethylene derivative the ketone (2-1 g.) in ether containing sodium (0-6 g.) in 
suspension was treated with amyl formate (1-4 g.) at 0°. After remaining over-night, the 
excess of sodium was dissolved by the addition of ice, the aqueous alkaline layer separated, 
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extracted with ether to remove neutral oil, and acidified with acetic acid. The viscid oil which 
separated was dissolved in ether, dried, and recovered. The liquid hydroxymethylene deriv- 
ative gave in alcoholic solution an intense purple-red colour with ferric chloride and a sparingly 
soluble copper salt with copper acetate. The semicarbazone separated from benzene—methyl 
alcohol as a micro-crystalline powder, m. p. 199° (Found: N, 15-7. C,,H,,O,N; requires N, 
16-0%). The 2: 4-dinitrophenylhydrazone was an amorphous red powder. Fraction (b) (see 
above) gave a gummy semicarbazone, but the 2: 4-dinitrophenylhydrazone crystallised from 
ethyl acetate in terracotta needles, m. p. 250—251° (Found: C, 63-0; H, 4-1%). The nature 
of this ketone was not determined. 

The potassium hydroxide solution (see above) was acidified, the acid rendered to ether, and 
the solvent removed. The liquid acid, which gave an amorphous 2 : 4-dinitrophenylhydrazone, 
was dissolved in sodium hydroxide solution and treated at 0° with an excess of sodium hypo- 
bromite, bromoform being deposited. The recovered liquid acid was digested with acetyl 
chloride and, after removal of the excess of acid chloride, the oil was dissolved in ether and the 
ethereal extract washed with sodium hydroxide solution (which removed resinous acids), dried, 
and evaporated. The oil crystallised when ground with methyl alcohol, and the solid was 
recrystallised from this solvent and then from ligroin—benzene, from which it separated in 
conglomerates of prismatic needles, m. p. 166° (Found: C, 71-6; H, 81%). The acid (G) 
prepared by digestion of this substance with alkali crystallised from water in prisms, m. p. 132° 
(Found : C, 66-3; H, 7-8%). 

Oxidation of 1-Amino-1-methyllongifane with Potassium Permanganate.—To a solution of the 
base (5 g.) in acetone (75 c.c.) maintained at 30—35°, potassium permanganate (16 g.) was 
added gradually with mechanical stirring. The manganese dioxide sludge was filtered off and 
washed with acetone, and the acetone solution, after removal of excess of permanganate with 
sulphur dioxide, evaporated. When an ethereal solution of the residual oil was washed with 
dilute sulphuric acid to remove unchanged base (1 g.), a small quantity of a crystalline solid (Z) 
separated at the interface. This was removed, and the ethereal extract dried and evaporated, 
leaving an oil (2-7 g.) which partly solidified. After admixture with ligroin the solid (1-2 g.) 
was collected and recrystallised (twice) from ethyl acetate; it then had m. p. 191—192°, both 
alone and after admixture with «-l-acetamido-l-methyllongifane [Found: C, 76-4; H, 10-8; 
N, 6-2; M (Rast), 206. Calc. for C,;H,,ON: C, 76-6; H, 10-6; N, 60%; M, 235]. The 
substance (Z) crystallised from alcohol, in which it was very sparingly soluble, in needles, m. p. 
above 280°. It contained sulphur and was possibly the sulphate of the base (Found: N, 5-8. 
CygHsO,N,S requires N, 5-8%). The manganese dioxide sludge was suspended in water, and 
sulphur dioxide passed through until all the dioxide had dissolved; a gummy acid remained in 
suspension. This was dissolved in ether, the dried solution evaporated, and the viscid oil 
(1-9 g.) which remained dissolved in dilute aqueous ammonia; addition of barium chloride then 
precipitated a sparingly soluble barium salt. The filtrate contained a small quantity of a gummy 
acid, which was not examined. The barium salt was decomposed ; the acid (E) (0-8 g.) isolated 
by ether, separated as a somewhat gummy solid, which was crystallised from dilute acetic acid 
or dilute methyl alcohol and obtained in serrated prisms, containing solvent of crystallisation 
which was lost on drying over phosphoric oxide in a vacuum; m. p. 122—124° (sintering at 
110°), [] 546, — 58-7° (in ethyl alcohol; c, 0-324) (Found: C, 69-2; H, 9-1; N, 5-2; M, 280. 
C,gH,,0,N requires C, 68-8; H, 9-0; N, 5-0%; M, 281). The acid, which was insoluble in 
mineral acids and did not reduce Fehling’s solution, gave a sparingly soluble sodium salt, which 
crystallised in needles; with semicarbazide acetate a semicarbazide was obtained crystallising 
from methyl alcohol in conglomerates of needles, decomp. 179—180° to an opaque oil, which 
cleared with further decomp. at 248—249° (Found: C, 58-0; H, 8-8. C,,H3,0,N, requires C, 
57-6; H, 85%). The semicarbazide was decomposed by dilute hydrochloric acid, yielding the 
parent acid. When the acid (0-55 g.) was heated at 160°, vigorous evolution of carbon dioxide 
occurred and a gum remained which, when mixed with dilute potassium hydroxide solution, 
was converted into a white powder. After crystallisation from ligroin (b. p. 60—80°) (twice) 
the substance separated in soft needles, m. p. 144°, [a]54¢, — 69-8° (in ethyl alcohol; c, 1-146) 
(Found: C, 76-9; H, 10-8. C,,;H,,ON requires C, 76-6; H, 10-6%). The substance (0-2 g.) 
was mixed with alcoholic sulphuric acid (10 c.c. of 10%) and heated on the water-bath for 6 
hours. After addition of water the solution was made alkaline and extracted with ether, and 
the extract washed with water to remove alcohol, dried, and evaporated. The base so obtained, 
which gave a sparingly soluble hydrochloride, was acetylated with acetic anhydride, and the 
acetyl derivative crystallised from ethyl acetate; it had m. p. 191—192°, both alone and after 
admixture with «-l-acetamido-1-methyllongifane. 
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52. Anionotropic and Prototropic Changes in Cyclic Systems. Part II. 
The Hydroxy-3 : 4-diphenyl-5-benzylidenecyclopentenones. 


By HaARroL_p Burton and CHARLES W. SHOPPEE. 


WE have shown recently (J., 1933, 720) that the conversion of 4-hydroxy-3 : 4-diphenyl- 
5 : 5-dimethyl-A*-cyclopentenone (8$-dimethylanhydroacetonebenzil) into the 2-hydroxy- 
isomeride involves successive anionotropic and prototropic changes. Gray, who originally 
described the foregoing transformaticn (J., 1909, 95, 2138), also dealt with the series of 
compounds derived from the stereoisomeric 5-benzylideneanhydroacetonebenzils (Ia, Ib). 
Condensation of anhydroacetonebenzil with benzaldehyde affords the stereoisomerides 
(Ia, Ib), either of which gives by acetylation with acetic anhydride and a trace of sulphuric 
acid the same acetate, m. p. 175°, formulated by Gray as the acetate of (Ia or Ib). Hydro- 
lysis of this acetate with alcoholic potassium hydroxide yields a 2-hydroxy-ketone (Ila), 
possessing the properties typical of a keto-enol; the substance (Ila) furnishes its own 
acetate, m. p. 176°, and is converted by alcoholic hydrogen chloride into the stereoisomeric 
2-hydroxy-ketone (IIb), which also forms a characteristic acetate, m. p. 148°. 

Analogy suggests that the conversion (Ia, Ib) —-> (IIa) takes place by consecutive 
anionotropic and prototropic changes, and that the acetate, m. p. 175°, is actually that 
derived from one of the two unknown stereoisomeric A®-unsaturated intermediates (III). 
We have endeavoured to obtain an acetate corresponding to (Ia), but under all conditions 
leading to acetylation, (III) is the sole isolable product. 





CPh(OH)-CPh , /ePh—CPh Pp C{[H]Ph-CPh 
CHPhiCC I + CHPhiC [ oan — CHPh:CC 
co H \co—t< lH} co——C-0H 
(Ia), m. p. 232° (IIT) (IIa), m. p. 216° = Acetate, m. p. 176° 
(Ib), m. p. 213° Acetate, m. p. 175° (IIb), m. p. 223° = Acetate, m. p. 148° 


(A = anionotropy : P = prototropy.) 


Such a scheme, (Ia, Ib) ——> (III) —~> (Ila), necessitates the existence of three pairs of 
stereoisomeric alcohols and we have prepared five of the six possible methyl ethers. The 
missing ether is one of the pair derived from the two stereoisomerides {III). 

Methylation of (Ia) with activated silver oxide and methyl iodide furnishes 4-methoxy- 
3 : 4-diphenyl-5-benzylidene-A*-cyclopentenone, m. p. 158°, whilst under the same con- 
ditions (Ib) gives the stereoisomeric 4-methoxy-3 : 4-diphenyl-5-benzylidene-A*-cyclopenten- 
one, m. p. 122°. Treatment of the 2-hydroxy-ketone (IIa) with sodium methoxide and 
methyl iodide yields 2-methoxy-3 : 4-diphenyl-5-benzylidene-A*-cyclopentenone, m. p. 110°, 
and (IIb) similarly affords the stereoisomeric 2-methoxy-3 : 4-diphenyl-5-benzylidene-A*- 
cyclopentenone, m. p. 124°. 

When (Ia) is treated with thionyl chloride at 78°, a chloride is obtained, the chlorine 
atom of which is potentially ionic and reacts with methy] alcohol in the presence of silver 
acetate to give a single methyl ether, m. p. 143°, which differs from the four methyl ethers 
described above. We consider, therefore, that the chloro-compound is 2-chloro-3 : 4- 
diphenyl-5-benzylidene-A*-cyclopentenone (V), formed from the precursor (IV) by aniono- 
tropic change, and that the methyl ether is 2-methoxy-3 : 4-diphenyl-5-benzylidene-A®-cyclo- 
pentenone (VI). This view is confirmed by treatment of the chloride (V) with glacial 
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acetic acid and silver acetate, whereby Gray’s acetate, m. p. 175°, which must be formulated 
as (VII), is obtained. 


cy pgp: AT ee ait 
bea cph CPh=CPh ve _ 
CHPh: ion senile CHPhiC< ¢ (VI.), m. p. 143 
CO—CH CO—CH(Cl) oe pol 
(IV.) (V.), m. p. 175° 4g0 : =CPh 
os CHPRI oa. 


(VII.), m. p. 175° 


The chloride (V) should be obtained by chlorination of 3 : 4-dipheny]-5-benzylidene-A*-cyclo- 
pentenone, but we have been unable to prepare this ketone ; under all the conditions tried, 
the 2 : 5-dibenzylidene derivative was formed. 

We were unable to prepare (Ib) in sufficient amount to examine whether it is converted 
by thionyl chloride into the same chloride (m. p. 175°) or a geometrical isomeride. Since 
Gray (loc. cit.) showed that both (Ia) and (Ib) gave the same acetate (III), it appears likely 
that reactions involving anionotropy will lead to a single product, the less stable spatial 
configuration disappearing in the tautomeric change. 

The action of thionyl chloride on (Ia) gives in addition to (V), a dichloride, C.4H,gOCl,. 
This substance appears to contain one potentially ionic chlorine atom, since treatment 
with absolute methyl alcohol and silver acetate gives a single chloromethoxy-compound ; 
with boiling glacial acetic acid and silver acetate, however, two products are obtained: 
a yellow chloro-acetate (75%) and a red chlorine-free diketone (25%). In the formation of 
the latter, both chlorine atoms have become labile, and we suggest that the dichloride must 
be represented by two interconvertible structures which may be (VIII) and (IX). From 
(VIII), in which the 4-chlorine atom only would be reactive, are derived the chloromethoxy- 
compound (X) and the chloro-acetate (XI), whilst from (IX), which is an ««-dichloro- 
ketone and might therefore be expected to possess two labile chlorine atoms, is derived 
the highly coloured 3 : 4-diphenyl-5-benzylidene-A*-cyclopentenedione (XII), possibly via 
the intermediate 2 : 2-diacetate. 





aaa COG CCl CHPh-C< 9 —Eci(Cl) 
prec CXPh—CPh -sitiiin APU 
CHPhiC CHPhiC 
a9 — 00) <co—to 
(X; X = OMe) (XI; X = OAc) (XII) 


We have also examined 4-hydroxy-3 : 4-diphenyl-5-benzylidene-2-methyl-A?-cyclo- 
pentenone (XIII), which, according to our view, should be capable of anionotropy but not 
of prototropy. Gray (loc. cit.), by treatment of (XIII) with acetic anhydride and a trace 
of sulphuric acid at 15°, obtained a red compound which he considered to be 3 : 4-diphenyl- 

5-benzylidene-2-methylene- -A®-cyclopentenone (XV). This substance possesses an extra- 
cy clic methylene group, since it gives formaldehyde by ozonolysis, and results by loss of 
acetic acid from the intermediate tertiary acetate (XIV), which is formed from (XIII) 
by anionotropic change of the corresponding acetate. 


sy4c--CPh(OH)-CPh CPhiCPh «c-CPhiCPh 
CHPhIC ie > CHPBIC< CG “Eneonc > CHPRC< Co“ SicH, 
ee ) (XIV.) (XV.) 





EXPERIMENTAL. 

4-Hydroxy-3 : 4-diphenyl-5-benzylidene-A*-cyclopentenones (Ia, Ib).—Anhydroacetonebenzil 
was condensed with benzaldehyde in the presence of sodium hydroxide (Gray, Joc. cit.); only 
a trace of the isomeride, m. p, 213-5°, was obtained, the isomeride, m. p. 232°, constituting the 
bulk of the condensation product. Use of piperidine as condensing agent was ineffective. 
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4-Methoxy-3 : 4-diphenyl-5-benzylidene-A*-cyclopentenones.—(a) Benzylideneanhydroacetone- 
benzil, m. p. 232° (3-4 g.), silver oxide (10 g.), powdered sodium hydroxide (0-1 g.), and methyl 
iodide were refluxed for 10-5 days. After evaporation of the excess of methyl iodide, the 
product was extracted with hot acetone (5 x 20 c.c.), and the combined extracts evaporated. 
The residual oil crystallised when rubbed with methyl alcohol, and was repeatedly crystallised 
from this solvent, from which 4-methoxy-3 : 4-diphenyl-5-benzylidene-A*-cyclopentenone separated 
in pale yellow prisms (2-5 g.), m. p. 158° (Found: C, 85:25; H, 5-8; OMe, 8-8. C,;H,O, 
requires C, 85-2; H, 5-75; OMe, 8-8%). 

4-Ethoxy-3 : 4-diphenyl-5-benzylidene-A*-cyclopenienone, similarly prepared, formed pale 
yellow prisms (1-5 g.), m. p. 159°, from alcohol (Found : C, 84-7; H, 6-1; OEt, 11-9. C,,H,,O, 
requires C, 85-2; H, 6-05; OEt, 12-3%). 

(b) Similar treatment of benzylideneanhydroacetonebenzil, m. p. 213-5° (0-7 g.), yielded 
4-methoxy-3 : 4-diphenyl-5-benzylidene-A*-cyclopentenone (0-4 g.), m. p. 122°, after crystallis- 
ation from ethyl acetate-ligroin (b. p. 60—-80°) (Found: OMe, 8-8%). 

2-Acetoxy-3 : 4-diphenyl-5-benzylidene-A*-cyclopentenone.—This was prepared according to 
Gray (loc. cit.) and had m. p. 175°; benzylideneanhydroacetonebenzil (Ia) could not be acetyl- 
ated by any of the usual methods, and was unchanged after prolonged treatment in acetone 
solution with keten. 

2-Hydroxy-3 : 4-diphenyl-5-benzylidene-A*-cyclopentenone (Ila).—Hydrolysis of the above 
acetate with 5% alcoholic potassium hydroxide (compare Gray, Joc. cit.) or with hydrochloric 
acid in acetone yielded the 2-hydroxy-ketone, m. p. 216°; it gave a brown-violet colour with 
ferric chloride and on acetylation furnished the acetate, m. p. 176°, described by Gray [Found : 
C, 82-1; H, 5-35; M (Rast), 394, 405. Calc. for C,,H,O,: C, 82:1; H, 5:35%; M, 380], 
which depressed the m. p. of (VII). 

2-Methoxy-3 : 4-diphenyl-5-benzylidene-A?-cyclopentenone.—The hydroxy-ketone (IIa) (1-1 g.) 
was converted into the scarlet sodio-derivative by treatment with 3 c.c. of sodium methoxide 
solution (0-25 g. of sodium in 9 c.c. of methyl alcohol), and refluxed with excess of methyl 
iodide for 4hours. After removal of methyl iodide, water was added, and the product extracted 
with ether. The ethereal extract was washed twice with 5% sodium hycroxide solution, dried 
(calcium chloride), and evaporated. The residual oil solidified when rubbed with methyl 
alcohol; 2-methoxy-3 : 4-diphenyl-5-benzylidene-A*-cyclopentenone crystallised from methyl 
alcohol or ethyl acetate-—ligroin (b. p. 60—80°) in yellow needles, m. p. 112° (Found: C, 85-0; 
H, 5-7; OMe, 8-8. C,,H,.O, requires C, 85-2; H, 5-75; OMe, 8-8%). 

2-Hydroxy-3 : 4-diphenyl-5-benzylidene-A*?-cyclopentenone (IIb).—Gray (loc. cit.) states that 
concentrated alcoholic hydrogen chloride converts the 2-hydroxy-ketone (Ila), m. p. 216°, 
into the isomeride (IIb), m. p. 223°; in our hands this treatment leads to ethylation. The 
2-hydroxy-ketone, m. p. 216°, was suspended in ethyl alcohol saturated with hydrogen chloride 
at 0°, and mechanically shaken over-night at 15°, and the clear yellow solution kept for 4 days. 
The solution was poured into a large volume of ice-water with stirring, and the precipitate 
filtered off. The low-melting product separated ‘from ethyl alcohol as an oil, but crystallised 
when rubbed with a little ether. Repeated crystallisation from ethyl acetate-ligroin (b. p. 
60—80°) gave 2-ethoxy-3 : 4-diphenyl-5-benzylidene-A*-cyclopentenone as yellow needles, m. p. 
122—-123° (Found : C, 85-35; H, 6-05; OEt, 12-3. C,,H,,O, requires C, 85-2; H, 6-05; OEt, 
12-3%). Similar treatment of the 2-hydroxy-ketone, m. p. 216°, but using methyl-alcoholic 
hydrogen chloride, did not lead to methylation, but gave the isomeric 2-hydroxy-ketone, m. p. 
223°. 

2-Methoxy-3 : 4-diphenyl-5-benzylidene-A*-cyclopentenone.—The procedure and quantities 
given for the methylation of (IIa) were used for the 2-hydroxy-ketone, m. p. 223° (IIb). 
2-Methoxy-3 : 4-diphenyl-5-benzylidene-A*-cyclopentenone separated from methyl alcohol in pale 
yellow prisms, m. p. 124° (Found: C, 85-3; H, 5-8; OMe, 9-5. C,;H,O, requires C, 85-2; 
H, 5-75; OMe, 8-8%). It depressed the m. p. 122° of the methoxy-derivative of (Ib). 

Action of Thionyl Chloride on Benzylideneanhydroaceionebenzil (la).—Benzylideneanhydro- 
acetonebenzil, m. p. 232°, (Ia) (10 g.) was refluxed with thionyl chloride (30 c.c.) on the steam- 
bath; hydrogen chloride was evolved, and after completion of the reaction (} hour), the product 
was poured into ice-water. The yellow solid obtained was dried, and ‘fractionally crystallised 
from di-n-propyl ether. From the head fractions there was ultimately obtained 2-chloro-3 : 4- 
diphenyl-5-benzylidene-A®-cyclopentenone (V), crystallising in bright yellow nodules, m. p. 175° 
(Found : C, 80-7; H, 4-9; Cl, 10-3. C,,H,,OCI requires C, 80-7; H, 4-8; Cl, 10-0%). From 
the tail fractions there was obtained a dichloride, probably 2 : 4-dichloro-3 : 4-diphenyl-5- 
benzylidene-A*-cyclopenienone [Found: C, 73-4; H, 3-9; Cl, 17-7; M (Rast), 338, 326. 
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C,,H,,OCI, requires C, 73-6; H, 4:1; Cl, 18:1%; M, 391]. The substance is dimorphous, and 
separates from di-n-propyl ether in pale yellow, felted needles, or in well-formed prisms, m. p. 
173°; the latter represent the stable modification, since the needles become converted into the 
prismatic form when kept at 15° in the solvent. 

Reactions of the Chloride (V).—(i) With methyl alcohol and silver acetate. The chloride 
(0-2 g.) and an equal weight of silver acetate were refluxed with absolute methyl alcohol (2-5 c.c.) 
for } hour, and the filtered solution diluted. The yellow solid product was crystallised from 
methyl alcohol, giving 2-methoxy-3 : 4-diphenyl-5-benzylidene-A*-cyclopentenone in yellow prisms, 
m. p. 143° (Found: C, 84:8; H, 5-8; OMe, 8-8. C,;H, .O, requires C, 85-2; H, 5-75; OMe, 
8-8%). A mixture of this methyl ether with the methyl ether of (Ia), m. p. 158°, had m. p. 
123°. 
(ii) With acetic acid and silver acetate. The chloride (0-2 g.), an equal weight of silver 
acetate, and A.R. acetic acid (5 c.c.) were refluxed for } hour, and the hot solution filtered into 
water. The product, a yellow solid (m. p. 70—100°), was very soluble in all organic solvents 
except ligroin; it could not be crystallised satisfactorily, but was obtained solid by allowing 
a solution in ether—ligroin (b. p. 40—60°) to evaporate spontaneously (Found : C, 81-5; H, 5-5. 
C,gH yO; requires C, 82-1; H, 5-3%). The solid appears to be a mixture of isomeric acetates, 
for by treatment with warm alcohol it melts and gradually gives a solid, which dissolves on 
boiling and crystallises in clusters of yellow needles, m. p. 168—169°. Recrystallisation from 
alcohol affords 2-acetoxy-3 : 4-diphenyl-5-benzylidene-A*-cyclopentenone, m. p. 174—175° 
[alone or mixed with a specimen prepared directly from benzylideneanhydroacetonebenzil (Ia) 
by acetylation] (Found: C, 81-8; H, 5-45; OEt, 0. Calc. for C,,H,.O,: C, 82-1; H, 5-3%). 
This acetate was the sole isolable product. 

Reactions of the Dichloride (VIII or IX).—(i) With methyl alcohol and silver acetate. The 
dichloride (0-1 g.), silver acetate (0-1 g.), and absolute methyl alcohol (2-5 c.c.) were refluxed 
for 4 hour, and the filtered liquid diluted. The solid product was crystallised from methyl 
alcohol; not quite pure 2-chloro-4-methoxy-3 : 4-diphenyl-5-benzylidene-A*-cyclopentenone 
separated in pale yellow plates, m. p. 155°, which appear to contain methyl alcohol of crystallis- 
ation (Found: C, 75-8; H, 5-2; Cl, 10-4; OMe, 10-8. C,;H,,0,Cl,4;MeOH requires C, 76-0; 
H, 5-2; Cl, 8-8; OMe, 11-5%). 

(ii) With acetic acid and silver acetaie. The dichloride (0-2 g.), silver acetate (0-4 g.), and 
A.R. acetic acid (5 c.c.) were refluxed for 4 hour, and the hot solution filtered into water. The 
product was a low-melting yellow solid, which on hydrolysis with 50% sulphuric acid gave acetic 
acid [Found : C, 77-9; H, 4-55; Cl, 7-:0%; M (Rast), 355, 347], which by dissolution in 95% 
alcohol gave two substances, one yellow and the other red, which crystallised side by side. 
After separation by hand-picking, 2-chlovo-4-acetoxy-3 : 4-diphenyl-5-benzylidene-A*-cyclo- 
pentenone separated from alcohol in yellow prisms, m. p. 160° [Found: C, 75-1; H, 4-7; Cl, 
9-4; M (Rast), 391, 375. C,,H,,0,Cl requires C, 75-3; H, 4-6; Cl, 86%; M, 414-5]. 3:4- 
Diphenyl-5-benzylidene-A®-cyclopentene-1 : 2-dione crystallised from alcohol in bright red rosettes 
of needles, m. p. 198—199° [Found : C, 85-8; H, 4-9; M (Rast), 343, 338. C,,H,,O, requires 
C, 85-7; H, 48%; M, 336]. With 2: 4-dinitrophenylhydrazine sulphate the diketone gives 
an osazone, m. p. 279—280° (decomp.), which could not be recrystallised owing to its sparing 
solubility in all the common solvents (Found: N, 15-4. C,,H,,O,N, requires N, 16-1%). 

3 : 4-Diphenyl-A*-cyclopentenone.—This was prepared by the improved method of Japp 
and Lander (J., 1897, 71, 131); it was found advantageous to crystallise the product from 
benzene, from which the ketone separates with benzene of crystallisation, m. p. 92—93°. The 
crystals effloresce on standing, and after repeated crystallisation from alcohol the ketone has 
m. p. 110°. Condensation with benzaldehyde did not occur in the presence of piperidine, and 
the use of 1 mol. of benzaldehyde in the presence of sodium ethoxide led to the formation of the 
2 : 5-dibenzylidene derivative only; this separated from benzene in orange needles, m. p. 202° 
[Found : C, 90-6; H, 5-6; M (Rast), 387, 391. C,,H,,O requires C, 90-7; H, 5-4%; M, 410). 

4-Hydroxy-3 : 4-diphenyl-5-benzylidene-2-methyl-A®-cyclopentenone (XIII).—«-Methyl- 
anhydroacetonebenzil, prepared from benzil and methyl ethyl ketone (Japp and Meldrum, J., 
1901, 79, 1029; compare Japp and Knox, J., 1905, 87, 679), by condensation with benzaldehyde 
gave 4-hydroxy-3 : 4-diphenyl-5-benzylidene-2-methyl-A?-cyclopentenone, m. p. 227° (compare 
Japp and Meldrum, Joc. cit.). 

3 : 4-Diphenyl-5-benzylidene-2-methylene-A*-cyclopentenone (XV).—Following the procedure 
of Gray (loc. cit.), this compound was obtained as orange-red clusters of needles, m. p. 253°, 
after crystallisation from acetic anhydride (Found: C, 88-8; H, 5-3. Calc. for C,;H,,0: 
C, 89-8; H, 54%). By dissolution in chloroform and treatment with ozonised oxygen, and 
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decomposition of the ozonide with hot water, formaldehyde was obtained (resorcinol test) 
together with benzoic acid and unidentified substances. 

A second subsiance, Cs5,H;,O,, accompanied (XV); it was present only in minute amount and 
separated from ethyl acetate-ethyl alcohol in yellow needles, m. p. 225° [Found: C, 89-7; 
H, 5-4; M (Rast), 569, 589. C,.H;,O, requires C, 89-8; H, 5-4%; M, 668]. It appears to 
be a dimeride of (XV). 


We gratefully acknowledge a grant from the Royal Society in aid of the work described 
in this and the two following papers. 
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53. Anionotropic and Prototromic Changes in Cyclic Systems. Part III. 
The Isomeric Chloro-3 : 4-diphenylcyclopentenones. 


By HAROLD BurTON and CHARLES W. SHOPPEE. 


In previous papers (J., 1933, 720; preceding paper) we have adduced evidence in support 
of the hypothesis that the reactions undergone by 4-hydroxy-3 : 4-dipheny]-5 : 5-dimethyl- 
and -5-benzylidene-A?-cyclopentenones are explicable on the basis of triad anionotropic 
and prototropic changes. We now deal with the parent compound 4-hydroxy-3 : 4- 
diphenyl-A?-cyclopentenone (‘‘ anhydroacetonebenzil ”’) (I). 

The chemistry of anhydroacetonebenzil is complicated by the presence of the methylene 
group in the a-position to the keto-group, since the methylene hydrogen atoms can become 
part of a triad prototropic system [compare, for example, the change (V) —~» (VII), 
which might occur]. We have therefore endeavoured to inter-relate, wherever possible, 
the compounds of the unsubstituted series with those of the 5-benzylidene series, and to 
use the latter as reference compounds, since we have shown that their behaviour is precisely 
analogous to that of the 5 : 5-dimethyl compounds. 

Allen and Spanagel (J. Amer. Chem. Soc., 1932, 54, 4338), by treatment of (I) with 
thionyl chloride or acetyl chloride, obtained a chloride which they correctly formulated 
as (II). We have proved this by identifying the single methyl] ether (III), obtained from 
(Il) by the action of methyl alcohol and silver acetate, with that obtained from (I) by 
direct methylation with methyl iodide and silver oxide, and by showing that the benzyl- 


CPh(OH)-CPh CPhCl-CPh 
8 II. 
(lL) CHy< C ty — CH< Cea (II.) 
CPh(OMe)-CPh «-_-CPh(OMe) ‘un 
III. : IV. 
(III.) CHa< —> CHPh CME (IV.) 


idene derivatives (IV), m. p. 158° and 122°, obtained by condensing (III) with benzaldehyde 
are identical, each to each, with the methyl ethers prepared from the stereoisomeric 
5-benzylideneanhydroacetonebenzils by methylation with methyl iodide and silver oxide. 

In the light of our previous work in the dimethyl series, it was to be anticipated that 
the chloride (II) would undergo, under the appropriate conditions, the anionotropic 
change (II) ——> (V). 


C 
jn Hac TIPG 
CPhCI-CPh Ph=CPh (VI.) 
CH ———_—_> 
“<co—CH anionotropy ~— CO—C[H]Cl Pro 
(II.) (V.) "top> or rial = 
O—CHCl 
(VIL) 


Unlike its 5 : 5-dimethyl derivative, the chloride (II), whilst possessing a potentially 
ionic chlorine atom, shows no tendency to react in the anionotropic form (V); ¢.g., it 
P 
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yields the single methyl ether (III), and its most characteristic reaction is the elimination 
of hydrogen chloride, with subsequent dimerisation of the cyclopentadienone formed. 
When the chloride (II) is treated with hydrogen chloride in ethereal solution, it passes 
into an isomeric chloride (compare Allen and Spanagel, doc. cit.), previously prepared by 
Japp and Burton (J., 1887, 51, 428) from anhydroacetonebenzil by the action of alcoholic 
hydrogen chloride. The chlorine atom of this chloride is (relatively) very stable, being 
unaffected by silver acetate in methyl alcohol or acetic acid, or by weak bases such as 
pyridine. Such properties, taken together with the well-known stability of halogen in 
the (aliphatic) group C:C-Cl (e.g., ethyl chlorofumarate), suggest that the chloride has the 
structure (VI), and we proved this in what we consider to be a conclusive manner, by 
oxidation with potassium permanganate in acetone solution at 15°, whereby an 88% 
yield of desylacetic acid (VIII) is obtained. The identity of (VIII) was proved by 
dehydration to #y-diphenyl-A*-butenolactone (IX) (compare Japp and Lander, J., 1897, 
71, 136). This result excludes the alternative formula (VII) for Japp’s chloride, which 


CHPh—(Ph CHPh-COPh H.CPh=¢Ph 
“A<co— Ca CA<Co.H CH<co—O 
pe (VIIL.) (IX.) 


was assigned by Allen and Spanagel on the basis of theoretical reasoning which we are 
unable to follow. Formula (VII) is inconsistent with the relative unreactivity of the 
halogen atom, since it is an «-chloro-ketone and as such should react with the above 
reagents. Formula (VI) is, however, consistent with the formation of the chloride as 
described by Allen and Spanagel from the isomeride (II), and by Japp and Burton from 
anhydroacetonebenzil (I), since not only anionotropy but also prototropy is capable of 
catalysis by acidic reagents. 

We are unable to confirm Allen and Spanagel’s statement (/oc. cit.) that Japp’s chloride, 
by treatment with 10% aqueous-alcoholic potassium hydroxide, is converted into the 
dimeride, C,,H,,O,, in almost quantitative yield. Under the conditions described by 
these authors a viscous product results; there is little doubt that the dimeride is first 
formed, since we have shown that, under the experimental conditions used, the pure 
dimeride is converted into a similar viscous mass. Since the chloride undoubtedly has 
the structure (VI) and not (VII), such a conversion cannot be a facile process, for both 
retrograde prototropic (VI) —-> (V) and anionotropic changes (_V) ——> (II) are necessary 
for the formation of 3 : 4-diphenyleyclopentadienone (X) (the precursor of the dimeride) 
by elimination of hydrogen chloride. It is possible that the prototropic change (VI) —> 
(V) only might suffice since transannular elimination of hydrogen chloride would give 
3: 4-diphenyldicyclopentenone (XI), which is the intra-annular valency tautomeride 


of (X). 
C¢Ph—CPh CPh—CPh CPh—CPh 
CH, CHCl CH—CH aT CH CH 


YX Xo ‘Xo 


(V.) (XI.) (X.) 


Whilst we are unable to distinguish between the foregoing alternatives, the following 
evidence indicates that it is a prototropic change which is of major importance. Allen 
and Spanagel found, and we have confirmed their result, that the chloride (VI) is unaffected 
by boiling pyridine (K = 2-4 x 10°); use of quinoline (K = 1-0 x 10~*) at the boiling 
point slowly causes the chloride to lose hydrogen chloride. With warm piperidine (K = 
1-6 x 10-8) an almost instantaneous and quantitative elimination of hydrogen chloride 
occurs, and the use of alcoholic sodium hydroxide undoubtedly causes the same change to 
occur more rapidly. Since prototropy is catalysed most effectively by basic reagents 
[e.g., anions in the order of their increasing basicity (compare Ingold and Shoppee, J., 
1929, 476; Kon and Linstead, ibid., p. 1269)], we infer that the initial stage in the 
production of the dimeride C,,H,,0, from Japp’s chloride is a prototropic change, probably 
(VI) —~> (V). 
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The chloride (VI) is readily characterised as a ketone by the formation of a 2 : 4-di- 
nitrophenylhydrazone, but attempts to demonstrate the presence of a methylene group 
in the a-position to the carbonyl group by the usual condensation reactions were abortive 
owing to the reactions, described above, which supervene in the presence of the usual 
condensing reagents. Use of zinc chloride was fruitless, and the chloride appeared to be 
unaffected by nitrosyl chloride. 

We have prepared the chloride (V), which is very unstable, by direct chlorination of 
3 : 4-diphenyl-A*-cyclopentenone (XIII) at 110°, and more satisfactorily by the use of 
sulphuryl chloride at 20°. The chloride possesses a potentially ionic chlorine atom, and 
reacts with alcoholic silver nitrate and with methyl-alcoholic silver acetate to give silver 
chloride; in the latter case a viscous gum also resulted from which no crystalline material 
could be isolated. When oxidised with sodium hypobromite in aqueous suspension at 0°, 
the chloride gives diphenylmaleic anhydride (XIV), which affords further proof of its 
constitution. 


CPh=CPh  _¢ CPh=CPh —Na0Br CPh=CPh 

CH ate os Cll a 

*<co—tu, *<co—Cucl wate a | 
(XIII) (V.) (XIV.) 


We have also isolated from the reaction product formed by chlorination of (V), a 
monochloro-dimeride, Cy4H,,0,Cl, which can only arise by passage of (V) into the dimeride 
C3,H.,0, by elimination of hydrogen chloride and subsequent chlorination. 

In our letter to Chemistry and Industry (1932, 981), we said that ‘‘ we do not accept 
all the conclusions drawn by Allen and Spanagel (J. Amer. Chem. Soc., 1932, 54, 4338), 
since the possibility of either anionotropic or prototropic change is not clearly recognised 
by them.” In a recent paper (ibid., 1933, 55, 3780), these authors cite Bredereck’s 
observation (Ber., 1932, 65, 1833) that 2 : 4-dinitrophenylhydrazones exist in yellow and 
red modifications, and so infer that our evidence (Part I) regarding the isomeric methoxy- 
diphenyldimethylcyclopentenone-2 : 4-dinitrophenylhydrazones is inconclusive. We were 
aware of Bredereck’s paper, and we wish to state that under his conditions, no isomerism 
has ever been observed; we regret that we omitted specifically to mention this in Part I. 

We presume that Allen and Spanagel’s statement that ‘‘ 88-dimethylanhydroacetone- 
benzil (I) does not give an isomeric chloride under the same conditions as the parent 
substance ’’ refers to an isomeride analogous to Japp’s chloride (above); we agree with 
this view and should like to point out that our criticism does not refer to such an isomeride. 
There is, however, no doubt that isomeric chlorides are produced from (I) (see Part I) and 
our original criticism refers mainly to these isomerides. 

We have not criticised Allen and Spanagel’s proposed mechanism for the production 
of the dimeric compound—in fact, we had arrived at the same conclusion. We cannot, 
however, hold with the view that Japp’s chloride is formed by addition of hydrogen 
chloride to 3 : 4-diphenylcyclopentadienone. 


EXPERIMENTAL. 


4-Chloro-3 : 4-diphenyl-A*-cyclopentenone (II).—This was prepared from anhydroacetone- 
benzil and acetyl chloride (Allen and Spanagel, Joc. cit.) ; the reaction was incomplete, and the 
product contained the dimeride, C,;,H,,O,. We were unable to obtain either the yield or the 
m. p. (121°) of the chloride given by Allen and Spanagel; our best preparations had m. p. 
116—117° after repeated crystallisation from di-n-butyl ether (Found: Cl, 11-5. Calc. for 
C,,H,,;0Cl: Cl, 13-2%). Use of thionyl chloride gave some chloride, but the initial material 
was largely unchanged. When refluxed with glacial acetic acid and silver acetate, the chloride 
passed into the dimeride, C,,H,,O,, m. p. 205° (gas evolution). 

4-Methoxy-3 : 4-diphenyl-A*-cyclopentenone (III).—(a) The chloride (II), when refluxed for 
} hour with absolute methyl alcohol and an equal weight of silver acetate, gave a 60% yield of 
the methyl ether, m. p. 123-5° after crystallisation from methyl alcohol (Found: C, 81-8; H, 
6-1; OMe, 11-8. Calc. for C,,H,,O,: C, 81-7; H, 6-1; OMe, 11-7%). 

(b) Anhydroacetonebenzil (5 g.), silver oxide (20 g.), powdered sodium hydroxide (0-2 g.), 
and methyl iodide (50 c.c.) were heated under reflux for a week. After removal of the excess 
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of methyl iodide, the product was extracted with hot acetone (5 x 20 c.c.), and the combined 
filtered extracts evaporated. The product crystallised when rubbed with methyl alcohol, and 
after several crystallisations from this solvent had m. p. 123-5°, mixed m. p. with preparation (a) 
123-5° (Found: C, 81-6; H, 60; OMe, 11-5, 11-8. Calc. for C,,H,,O,: C, 81-7; H, 6-1; 
OMe, 11-:7%). 

In order further to confirm the identity of the methyl ethers prepared by methods (a) and 
(b) we attempted to prepare the dibromo-derivative described by Allen and Spanagel. Treat- 
ment of either preparation with an excess of bromine in chloroform solution at 15° for 48 hours 
yielded a compound, C,,H,OBr,, which, after repeated crystallisation from methyl alcohol, 
formed buff prisms, m. p. 145° to a red liquid [Found : (a) C, 37-6; H, 1-9; Br, 57-4; OMe, 0: 
(b) Br, 57-8; OMe, 0. C,,H,OBr, requires C, 37-1; H, 1-8; Br, 58-2%). 

Condensation of the Methoxy-compound (III) with Benzaldehyde—By following Allen and 
Spanagel’s directions, there was obtained a low-melting product, from which, by crystallisation 
from ethyl acetate, 4-methoxy-3 : 4-diphenyl-5-benzylidene-A?-cyclopentenone, m. p. 158°, was 
obtained ; it was shown by mixed m. p. to be identical with the specimen previously prepared 
(Burton and Shoppee, preceding paper) by methylation of 4-hydroxy-3 : 4-diphenyl-5-benzy]- 
idene-A*-cyclopentenone, m. p. 232°, with methyl iodide and activated silver oxide. The ethyl 
acetate mother-liquors by evaporation, and fractional crystallisation of the product from 
methyl alcohol, yielded a further quantity of the above benzylidene derivative, m. p. 158°, 
together with the stereoisomeric 4-methoxy-3 : 4-diphenyl-5-benzylidene-A*-cyclopentenone, m. p. 
122°, identical with the specimen prepared by us from the stereoisomeric 4-hydroxy-3 : 4- 
diphenyl-5-benzylidene-A*-cyclopentenone, m. p. 213-5°. 

2-Chloro-3 : 4-diphenyl-A*-cyclopentenone (V1).—(a) Anhydroacetonebenzil was dissolved in 
a cold saturated solution of hydrogen chloride in alcohol; after 24 hours, the product was 
precipitated by much water. After several crystallisations and treatment with charcoal 
2-chloro-3 : 4-diphenyl-A?-cyclopenienone was obtained in colourless prisms, m. p. 128—129° 
(Found: Cl, 13-6; M (Rast), 230, 248. C,,H,,OCI requires Cl, 13-2%; M, 268-5]. By treat- 
ment with 2: 4-dinitrophenylhydrazine sulphate in alcohol, it readily gave the 2: 4-dinitro- 
phenylhydrazone, m. p. 217° (decomp.), described by Allen and Spanagel (Found: C, 61-2; 
H, 3-95; Cl, 8-1. Calc. for C,,H,,O,N,Cl: C, 61-4; H, 3-8; Cl, 7-9%). 

(b) A solution of the chloride (II) in dry ether was saturated with dry hydrogen chloride 
and kept over-night. The solid obtained by spontaneous evaporation was drained from oil, 
and consisted of the dimeride, C,;,H,,0,, and some unchanged chloride. The oil partly 
solidified when rubbed with methyl alcohol, and the solid, after draining, was recrystallised 
from alcohol. It had m. p. 128° and was identical with preparation (a). 

The chloride (VI) is unchanged by treatment with boiling alcoholic silver nitrate, methyl- 
alcoholic silver acetate, or by boiling pyridine. With boiling quinoline, the solution darkens, 
and after } hour, by dilution of the product with dry ether, quinoline hydrochloride was 
isolated; the ether-soluble portion of the product could not be crystallised. By warming 
with piperidine, the liquid rapidly solidified to a mass of crystals of piperidine hydrochloride, 
m. p. 237°; after filtration from the hydrochloride, the filtrate was treated with ice-cold 
2N-hydrochloric acid, and the precipitated solid filtered off. The dry solid, crystallised from 
benzene several times, had m. p. 205° (gas evolution), and did not depress the m. p. of a genuine 
specimen of the dimeride, C,;,H,,0,; the yield was nearly quantitative. 

Reduction of the Chloride (V1).—Use of zinc dust in boiling glacial acetic acid was only 
partly effective, the bulk of the chloride being recovered unaltered; a substance, C,;,H,,OCI, 
crystallising from benzene in orange-pink rosettes, m. p. 210° (decomp.), was isolated (Found : 
C, 84-6; H, 5-4; Cl, 6-6. C,,H,,OCI requires C, 84-3; H, 5-2; Cl, 7-3%). 

Oxidation of the Chloride (V1).—(a) With ozone. The chloride (1 g.), dissolved in chloro- 
form, was treated with ozonised oxygen for 4 hours. On decomposition of the product, obtained 
by evaporating the chloroform, with hot water, traces of a volatile aldehydic (ketonic) sub- 
stance giving a p-nitrophenylhydrazone, m. p. 117—118° (crude), were obtained; the bulk of 
the chloride was recovered unchanged. The acid fraction consisted principally of benzoic 
acid, and the aqueous solution contained chloride ions. 

(b) With potassium permanganate. The chloride (1-8 g.), dissolved in A.R. acetone, was 
treated with powdered potassium permanganate (2-1 g.) at 15°. After 24 hours, the acetone 
was evaporated, and the manganese oxides dissolved in sulphurous acid. The solution was 
further acidified with 2N-sulphuric acid, and repeatedly extracted with ether. The ethereal 
extract was washed with sodium bicarbonate solution, and the alkaline washings acidified 
and extracted with ether. This extract after drying (sodium sulphate) and evaporation gave 
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desylacetic acid (0-9 g.), m. p. 162° after crystallisation from acetone-ether [Found : C, 75-4; 
H, 5-65; M (Rast), 249, 253. Calc. for C,,H,,O,: C, 75-6; H, 555%; M, 254]. The acid 
was completely stable to alkaline permanganate; further to identify it and to exclude desylene- 
acetic acid (compare Japp and Lander, /oc. cit.), the acid was dehydrated by heating at 220° 
in a vacuum, whereby fy-diphenyl-A’-butenolactone, m. p. 151° after crystallisation from 
benzene, was obtained (compare Klingemann, Amnalen, 1892, 269, 134) (Found: C, 81-3; H, 
5-3. Calc. for C,,H,,O,: C, 81-35; H, 5-1%). From the original ethereal extract the chloride 
(VI) (0-7 g.) was recovered, m. p. 128—129°, mixed m. p. 128—129°. 

Action of Alkaline Reagents on the Chloride (V1).—(a) Aqueous-alcoholic potassium hydroxide 
under the conditions given by Allen and Spanagel (/oc. cit.) yielded only yellow resins, com- 
pletely and readily soluble in alcohol and benzene. Three experiments were made and in no 
case were we able to isolate the dimeride, C,,H,,O,. The pure dimeride under the same con- 
ditions gave a similar resinous uncrystallisable product. 

(b) The chloride (VI) was treated for 3 hours with boiling 1-45N-sodium methoxide ; 
fractional crystallisation of the product yielded only amorphous high-melting brown solids. 

2-Chloro-3 : 4-diphenyl-A*-cyclopentenone (V).—(a) 3: 4-Diphenyl-A*-cyclopentenone (2-35 g.) 
(see preceding paper) was treated with chlorine at 115° until the gain in weight was 0-35 g. ; 
the cooled product was dissolved in benzene, and the solid which crystallised filtered off. The 
benzene filtrate was diluted with ligroin (b. p. 40—60) and cooled to — 8°; the benzene— 
ligroin mixture was decanted from the solid which separated, the latter washed with ligroin, 
and recrystallised from benzene-ligroin with cooling. The chloride melted at 50° to a turbid 
liquid which cleared a few degrees higher, and was probably identical with preparation (b). 
The solid which separated first was crystallised from benzene or di-n-butyl ether; it formed 
colourless needles, m. p. 216° (with gas evolution), and is a monochloro-dimeride, C3,H,,0,Cl 
[Found : C, 82-4; H, 4-8; Cl, 6-8; M (Rast), 404,411. C,,H,,;0,Cl requires C, 81-8; H, 4-6; 
Cl, 7-1%; M, 498). 

(b) 3: 4-Diphenyl-A*-cyclopentenone (5 g.) in benzene (15 c.c.) reacted readily with sulphuryl 
chloride (2-5 c.c.) at 20°. The liquid was diluted with ligroin (b. p. 40—60°) and cooled to 
— 8°. The crystalline solid which separated was rapidly drained on porcelain, washed with 
ligroin, and recrystallised from benzene—ligroin with cooling. 2-Chloro-3 : 4-diphenyl-A%-cyclo- 
pentenone melts at 48° to a turbid liquid, clearing at 52° [Found: C, 76-1; H, 5-1; Cl, 13-4; 
M (Rast), 219, 235. C,,H,,OCI requires C, 76-0; H, 4-9; Cl, 13-2%; M, 268-5]. The chloride 
rapidly decomposes in air, giving a sticky solid; the chlorine atom reacts readily with metal 
salts. In some preparations we have isolated from the benzene-ligroin mother-liquor after 
standing the monochloro-dimeride, m. p. 216° (with gas evolution) (Found: Cl, 8-0%). 

Oxidation of the Chloride (V) with Sodium Hypobromite.—The procedure described by Japp 
and Lander (loc. cit., p. 132) was followed; the solution was kept at 0° and stirred mechanic- 
ally. The acid extract gave only benzoic acid, but the quasi-acid fraction consisted of diphenyl- 
maleic anhydride, m. p. 150° after crystallisation from ligroin (b. p. 100—120°) (Found: C, 
76-9; H, 4-2. Cale. for C,g,H,O,: C, 76-8; H, 40%). The neutral fraction was small and 
viscous, and afforded no identifiable product. 
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54. Anionotropic and Prototropic Changes in Cyclic Systems. Part 
IV. Hydroxy-3 : 4-diphenyl-5-isopropylidenecyclopentenones. 
By Harotp Burton and CHARLES W. SHOPPEE. 


Japp and Knox (J., 1905, 87, 673) obtained, by condensation of mesityl oxide and benzil 
in the presence of alkali, 4-hydroxy-3 : 4-diphenyl-5-isopropylidene-A*-cyclopentenone (I). 
This substance, whilst unaffected by treatment with boiling acetic anhydride alone, in the 
presence of a trace of sulphuric acid affords an acetyl derivative, which, by alkaline hydro- 
lysis, neither regenerates (I) nor affords a hydroxy-ketone of the keto-enol type (Gray, J., 
1909, 95, 2138), thereby appearing to differ from other 5 : 5-substituted cyclopentenones 
recently examined (Burton, Shoppee, and Wilson, J., 1933, 720; Burton and Shoppee, 
preceding papers). We are able to show that the transformations undergone by the 
compounds of the zsopropylidene series are fundamentally identical with those displayed 
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by the 5: 5-dimethyl and 5-benzylidene compounds, by the isolation of all three alcohols 
required by the scheme : I —> II —> III. 








[OH] (H) , 
; . CPh—CPh Anionotro . CPh—CPh Prototropy 7 CPh— Ph 
CMe,.C PY CMe,-C CMe,.C t 
° <0 —CH <> CMe <4 — CH) (08) > CMe eo —COH 
(I.) (II.) (III.) 


The acetyl derivative given by (I) has the constitution (V), and is formed by aniono- 
tropic change from the hypothetical acetate (IV) of (I). All attempts to isolate (IV) 
failed, apparently because conditions sufficiently vigorous to cause acetylation also cause 
anionotropy; under all conditions leading to acetylation, (V) is the sole product. Reduc- 
tion of (V) with hydriodic acid yields 3 : 4-diphenyl-5-isopropylidene-A*-cyclopentenone 


OAc 


i-_-CPh—CPh c-CPh=CPh c-CPh=CPh 
CMe,!C CMe,:C CMe,!C 
°<Co—CH ° <9 —CH-OAc *<co —CH, 
(IV.) (V.) - (VI) 


(VI), previously obtained by Japp and Knox (loc. cit.) by reduction of (I) with hydriodic 
acid. Since the ketone gives a benzylidene derivative, it must have the constitution (VI), 
and its production from (I) therefore constitutes a further example of the A? —> A’- 
double-bond migration, the explanation of which we have already given (Burton, Shoppee, 
and Wilson, /oc. cit.). 

When the acetate (V) is treated with alkaline reagents, deep-seated decomposition 
occurs. Hydrolysis with hydrochloric acid in acetone, however, proceeds smoothly, to 
give a mixture of a chloride and an alcohol, in which the former preponderates. The 
chlorine atom of the chloride is unaffected by metal acetates, but with 3% aqueous- 
alcoholic potassium hydroxide it is removed to furnish 2-hydroxy-3 : 4-diphenyl-5-iso- 
propylidene-A*-cyclopentenone (III); this substance is a typical keto-enol, and gives a 
brown-violet colour with ferric chloride. 

Since the alcohol, the isolation of which is mentioned above, gives no colour with 
ferric chloride, is isomeric and non-identical with either (I) or (III), and gives acetone by 
ozonolysis, it must have the constitution (II). We were, however, unable to cause 
prototropic conversion (II) —-> (III) by brief treatment with hot alcoholic sodium 
ethoxide solution, and lack of material prevented a repetition over a more extended 
period. 

The foregoing chloride might have either of the structures (VII) and (VIII); the 
former is supported solely by the formation of traces of diphenylmaleic anhydride on 
oxidation with potassium permanganate. 

CPh—CPh CMe,:C CHP hf Ph (VIII) 

CO-—CHCI CO—CCl 

On the other hand the stability of the chlorine atom is inconsistent with formulation as 
an a-chloro-ketone (VII); formula (VIII) expresses the relative unreactivity of the 
chlorine atom, and receives some support from the reactions and method of formation of 
the lower homologue, 2-chloro-3 : 4-diphenyl-A*-cyclopentenone (Burton and Shoppee, pre- 
ceding paper). Scarcity of material prevented us from reaching a definite conclusion as 
to the structure of the chloride. 


(VIL) CMe iC< 


EXPERIMENTAL. 

4-Hydroxy-3 : 4-diphenyl-5-isopropylidene-A*-cyclopentenone (1).—This was prepared as de- 
scribed by Japp and Knox (loc. cit.); it was found advantageous to dissolve the dry black 
semi-solid reaction product in the minimum amount of benzene, filter off the crystalline product, 
and recrystallise it from benzene; the yield was exceedingly small. A second yellow substance, 
insoluble in pyridine, and crystallising from nitrobenzene, m. p. 251—252° (decomp.), was also 
formed (Found : C, 84-2; H, 5-5%). 

2-Acetoxy-3 : 4-diphenyl-5-isopropylidene-A®-cyclopentenone (V).—The dark product obtained 
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by treating (I) with acetic anhydride in the presence of a trace of concentrated sulphuric acid 
(Japp and Knox, /oc. cit.) was extracted with hot ligroin (b. p. 60—80°), and the solid which 
separated repeatedly crystallised from the same solvent. The acetate formed buff needles, 
m. p. 140—141° (Found: C, 79-1; H, 6-2. Calc. for C,,H,.O,: C, 79-5; H, 605%). We 
were unable to verify the double m. p. reported by Japp and Knox for this acetate. 

The acetate was reduced by boiling with hydriodic acid (d 1-95) for 5 minutes; the solid 
obtained on cooling was dissolved in a large volume of ether, and the ethereal solution washed 
with sulphurous acid and with 2N-sodium carbonate solution, dried (potassium carbonate), 
and evaporated. The ketone, crystallised twice from benzene, had m. p. 171° (Found: C, 
87-4; H, 6-7. Calc. for CygH,,O: C, 87-6; H, 66%); the benzylidene derivative, obtained by 
condensation with benzaldehyde in the presence of alcoholic sodium ethoxide, separated from 
alcohol as an orange powder, m. p. 234°; the amount was insufficient for complete purification 
(Found : C, 88-2; H, 6-0. C,,H,,O requires C, 89-5; H, 6-1%). 

Ozonolysis of the acetate in chloroform solution, and decomposition of the ozonide with 
hot water, gave acetone (iodoform reaction) and unidentified substances. 

Alkaline hydrolysis of the acetate invariably led to the formation of dark intractable viscous 

roducts. 

. Acid Hydrolysis of the Acetate (V).—The acetate (2 g.), acetone (22-5 c.c.), and concentrated 
hydrochloric acid (2-5 c.c.) were refluxed on the steam bath for } hour, and the acetone allowed 
to evaporate. Crystallisation of the product from ligroin (b. p. 100—120°) showed the presence 
of two substances; the first crop, feathery prisms, had m. p. 172°, and the second crop, which 
separated in burrs, had m. p. 192°. Fractional crystallisation from ligroin (b. p. 100—120°) 
ultimately gave as the major product 2-chloro-3 : 4-diphenyl-5-isopropylidene-A*-cyclopenten- 
one (?), m. p. 188° [Found: C, 78-0, 77-7; H, 5-7, 5-6; Cl, 11-3, 11-9; M (Rast), 297, 289. 
CygH,,OCl requires C, 77-8; H, 555%; M, 308-5]; the chloride separated from alcohol in 
colourless prisms, m. p. unchanged. As the minor product, there was obtained 2-hydroxy- 
3: 4-diphenyl-5-isopropylidene-A*-cyclopentenone (I1), which crystallised from alcohol in colour- 
less felted needles, m. p. 207° [Found: C, 82-7, 82-7; H, 6-3, 6-3; M (Rast), 262, 280, 280, 
295. Cy H,,O, requires C, 82-7; H, 625%; M, 290]. The substance gave no colour with 
ferric chloride, and was recovered unchanged after treatment for } hour with hot 1-45N-sodium 
ethoxide. Ozonolysis in chloroform solution, and decomposition of the ozonide with hot 
water, gave acetone and unidentified substances. 

2-Hydroxy-3 : 4-diphenyl-5-isopropylidene-A*-cyclopentenone (III).—The chloride was heated 
for $ hour with 3% aqueous-alcoholic potassium hydroxide; the yellow solution was cooled, 
diluted, and filtered, and the filtrate acidified. The precipitate was recrystallised several times 
from glacial acetic acid, from which 2-hydroxy-3 : 4-diphenyl-5-isopropylidene-A*-cyclopentenone 
separated in colourless needles, m. p. 252° [Found: C, 82-5; H, 63; M (Rast), 277, 274. 
CypH,,0, requires C, 82-7; H, 6-25%; M, 290]. With alcoholic ferric chloride, the substance 
gave a brown-violet colour. 

Oxidation of the Chloride (VII or VIII) with Potassium Permanganate.—The procedure given 
by Burton and Shoppee (this vol., p. 204) was followed. The acid extract gave only benzoic 
acid, but the quasi-acid fraction yielded a small quantity of diphenylmaleic anhydride, m. p. 
149—150°, identified by direct comparison with a genuine specimen. The neutral fraction 
consisted of the unaltered chloride, m. p. 188° after crystallisation from alcohol. 

Non-action of Methyl Alcohol and Silver Acetate on the Chloride (VII or VIII).—After reflux- 
ing with an equal weight of silver acetate in absolute methyl alcohol for } hour, the chloride 
was unaltered. 
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55. Solubility of Vapours in Gases. 
By WALTER MACFARLANE and ROBERT WRIGHT. 


THE mutual nature of solubility with regard to the two constituents of a solution is 
clearly seen when both solute and solvent are liquids. We do not find one liquid A 
extremely soluble in a second liquid B, whilst B is only slightly soluble in A. 

With solutions of gases in liquids both constituents are found in the two phases, and 
it becomes of interest to determine if the system shows a mutual solubility between the 
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components in each phase such as is found for a liquid pair. For example, will a gas, 
such as ammonia or hydrogen chloride, which is very soluble in water, attract water into 
the vapour phase? In other words, will there be an attraction between the two substances 
in the gaseous as well as in the liquid state? 

There is no recorded case of a liquid being more volatile in the presence of a gas than 
when it exists alone. An extensive investigation of the partial pressures of aqueous 
ammonia solutions (Perman, J., 1903, 83, 1168) shows that, although ammonia is very 
soluble in water, yet there is a smaller concentration of water vapour in the gas phase 
when that liquid is confined by an atmosphere of ammonia than when the water is allowed 
to evaporate into a vacuous space. In a number of cases investigated by Campbell 
(Trans. Faraday Soc., 1914, 10, 197) it has been found that the vapour pressure of a liquid 
is always lowered by the presence of a gas soluble in the liquid. 

This lowering of the saturated vapour pressure of a liquid in the presence of a soluble 
gas may be attributed, however, to the ordinary lowering of the vapour pressure caused 
by a solute, and does not preclude the possibility of attraction between the two con- 
stituents of the vapour phase. The existence or otherwise of such attraction may be 
made evident by comparing the sum of the partial pressures of the two constituents 
considered separately with the total pressure when the constituents are mixed. If the 
total pressure of the mixed gases is less than the sum of the separate pressures, then the 
decrease in pressure must be attributed to attraction between the two types of molecule 
in the gas phase. Such an attraction between gas molecules has been found for gas 
mixtures at high pressures; for instance, Masson and Dolley (Proc. Roy. Soc., 1923, A, 
103, 524) found a decrease in pressure of about 8% when equal volumes of ethylene and 
argon or ethylene and oxygen are mixed at 100 atmospheres pressure. Similarly at 
atmospheric pressure, Sayce and Briscoe (J., 1929, 1302) showed that ether vapour in the 
presence of carbon dioxide exerts a lower pressure than when existing alone, thus indicating 
that a union of some sort must take place between the two types of gas molecule. Randall 
and Sosnick (J. Amer. Chem. Soc., 1928, 50, 967) treated the question of gaseous solutions 
from the thermodynamic point of view. 

An attempt has now been made to determine the attraction, under ordinary conditions 
of temperature and pressure, between the vapours of methyl alcohol, ether, acetone, or 
chloroform and the gases carbon dioxide, ammonia, sulphur dioxide, or hydrogen chloride ; 
both qualitative and quantitative methods have been employed. 


EXPERIMENTAL. 


In the qualitative method, which was used only in the case of methyl alcohol vapour, equal 
volumes of a gas and of air saturated with methyl alcohol vapour were allowed to mix, and 
after equilibrium had been attained the change of pressure at constant volume was observed. 
The following results indicate that a considerable attraction exists between hydrogen chloride 
and the vapour of methyl alcohol, while smaller attractions are found between the vapour and 
the other gases. 


Contractions (mm. Hg) when air saturated with methyl alcohol vapour is mixed with an equal 
volume of a second gas at.25°. 
HCl. co,. SO,. NH3. 
59, 61 1,2 7,8 8, 9 


The quantitative apparatus (see fig.) is a modified form of that employed by Sayce and 
Briscoe (loc. cit.); it is simpler to operate but gives less accurate results. A flask of about 
250 c.c. capacity is fitted with a side tube bent in the form of a U, which is filled with mercury 
up to an etched mark on the limb nearer the flask. The volume of the flask as far as the 
etched mark is determined by filling with water and weighing; it was 239-7.c.c. The ground 
stopper is of the form shown, and is enabled to resist a considerable pressure inside the flask 
by means of the deep mercury seal. This seal is formed by inserting the rubber stopper with 
its attached wide-bore tube into the neck of the flask (after the ground stopper has been placed 
in position) and filling the tube with mercury to a depth of about 20cm. The open end of the 
U-tube is connected with a manometer and a pressure-regulating apparatus as shown. 

In carrying out an experiment, the detached flask is first dried and the neck fitted with a 

















calcium chloride tube; dried gas is then passed through the U-tube to sweep the air out of the 
side arm. Mercury is now placed in the side tube till its level reaches the etched mark, and 


the flask is then placed in a glass-sided thermostat 
at 25° and adjusted so that the limbs of the U 
are vertical. The calcium chloride tube is now 
removed, 15 c.c. of mercury poured into the 
flask, the gas passed in directly for 10—20 
minutes, the neck of the flask closed, and the 
apparatus left for about 20 minutes to acquire 
the temperature of the bath. Meanwhile, a 
Hofmann bottle containing the liquid whose 
vapour is being investigated is weighed. The 
flask is now opened and the bottle dropped on 
to the layer of mercury, the stopper at once 
inserted, and the mercury seal placed in position. 

The temperature of the bath is now raised to 
70° or 80° in order to vaporise the liquid, the 
evaporation being assisted by reducing the pres- 
sure by means of the pressure regulator. After 
an hour’s heating, the bath temperature is again 
brought to 25°, and readings are taken after the 
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lapse of two hours. eric 
TABLE I. 
Ether (M = 74). Methylalcohol (M = 32). Acetone (M = 
G. Mm. ge G. Mm. F. G. Mm. 
Air 0°0739 78°45 18°82 0°0332 81:95 18°93 0°0329 46°24 
0°0738 78°45 18°84 0°0329 81°23 18°94 0°0329 46°87 
0°0737 78:14 18:79 6:0327 81:14 19°03 0°0329 46°91 
Mean 18°82 0°0328 80°94 18°92 0°0329 46°53 
Mean’ 18°98 
CO, 0°0737 76°31 18°35 0°0329 76°14 17°75 0°0324 45°69 
0°0738 76°19 18°30 0:°0330 76°36 17°74 0°0330 45°15 
0°0738 76°41 18°35 0°0327 75°66 17°74 0°0326 45°55 
Mean 18°33 0°0323 78°05 18°54 00329 44-94 
0°0327 78°99 18°53 0°0329 45-71 
0°0326 78°77 18°54 Mean 
0°0327 79°58 18°66 
0°0324 78°83 18°66 
Mean 18:27 
SO, 0:0735 72-01 17:37 0:0328 75°53 17°66 0-0327 40-53 
6°0737 71°95 17°30 0°0328 74:51 17°43 0°0328 41°22 
00738 72:20 17:34 0°0325 74:52 17-59 00332 41°57 
Mean 17°34 0°0326 74°97 17°64 00328 40°93 
Mean 17°58 Mean 
NH, 0°0738 76°13 18°28 0°0330 6135 1427 — — 
0°0738 76°72 18°43 0°0329 64:12 1495 — — 
0°0739 76°03 18°24 0°0329 64°30 1499 — — 
Mean 18°32 0°0330 64°60 15°02 —_ —_ 
Mean 14°81 
HCl 0°0738 58°88 14:15 0°0325 —33°69 —7:95 0°0328 31°31 
0°0738 58°48 14°05 0°0325 —35°44 —8°36 0°0326 28°81 
0°0739 56°82 13°37 0°0325 —35°53 —8-39 0°0327 24-08 
Mean 13°92 0°0325 —19°65 —4°64 0°0326 23°40 
0°0182 —13°91 —5°86 0°0330 25°02 
Mean —7-04 Mean 


Droplets of liquid appeared on the walls of the flask with the mixture of hydrogen chloride and 


methyl alcohol vapour. 


In order to take the pressure readings, the level of the mercury in the U-tube is brought to 
the etched mark by means of the pressure-regulating apparatus, the reservoir of which is raised 
The pressure indicated by the manometer is read 


or lowered by means of a rack and pinion. 





58). 
P. 
19°54 
19°81 
19°83 
19°66 
19°71 


19°61 
19°02 
19°43 
18°99 
19°32 
19°27 


17°24 
17°47 
17°41 
17°35 
17°37 


13°26 
12°28 
10°23 

9°98 
10°54 
11-26 


Chloroform (M=119°4). 


G. 
0°0627 
0°0627 
0°0625 
0:0621 


0°0624 
0°0626 
00620 
0°0619 


0°0627 
0°0621 
0°0625 


0:0623 
0°0619 
00623 
0°0620 


0:0620 
0°0624 
0°0624 
0:0627 
0°0622 


Mm. 
42°11 
42°34 
41°53 
41°40 

Mean 


40°96 
40°70 
40°56 
40°71 
Mean 


40°03 

39°26 

39°62 
Mean 


39°42 
39°02 
39°13 
39°21 
Mean 


39°84 
39°11 
38°95 
39°50 
39°35 
Mean 
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r. 
19°23 
19°32 
19-01 
19°08 
19°16 


18°82 
18°61 
18°74 
18°82 
18°75 


18°27 
18-09 
18°14 
18°17 


18°11 
18°04 
17°98 
18°10 
18-06 


18°40 
17°94 
17°86 
18-03 
18°10 
18°07 
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by means of a cathetometer, a series of readings being taken at 15-minute intervals during 
about 2} hours till the manometer pressure remains steady. The pressure indicated by the 
manometer is corrected for any change of barometric height occurring during the time of the 
experiment. 

The results obtained are shown in Table I; col. 1 gives the weights (in g.) of liquid used, 
and col. 2 the corrected pressures (mm. Hg) obtained. In order to compare the different results 
with one another, they are calculated in col. 3 to the common basis of the pressure (P) exerted 
by 1 millimol. of vapour in a volume of 1000 c.c. at the temperature of the experiment. The 
theoretical pressure exerted by this amount of substance is 18-58 mm., it being assumed that 
1 g.-mol. occupies 22,400 c.c. at N.T.P. It will be seen that the pressures exerted in air are 
all slightly greater than the theoretical, whilst in the presence of any of the other gases they 
are less; in mixtures of hydrogen chloride with the vapours of methyl] alcohol, ether, or acetone 
the pressure decreases are very marked, thus indicating considerable attraction between the 
two constituents of the mixture. 

In view of the suggestion (p. 208) that a gas which was very soluble in a liquid should 
show an attraction for the vapour of that liquid, the solubilities of the gases in the liquids are 
compared with the decrease of pressure obtained on mixing the gases with the vapours. To 
facilitate comparison, the solubilities are expressed as g.-mols. of dissolved gas per g.-mol. of 
liquid solvent. The data are given in Table II, but only for the liquids methyl alcohol and 
ether, as the solubilities in the other liquids have not been completely investigated. The 
solubilities in ether are at 15°, and those for methyl alcohol at 25°. The values were obtained 
by calculation from the figures given in Seidell’s solubility tables ; since these data were obtained 
by different workers and with different methods, the values can only be taken as approximate. 


TABLE II. 


Solubilities of gases in ether and methyl alcohol compared with the attractions between the gases 
and the vapours of the solvents. 


HCl. SO,. CO,. NH. 
Ether as solvent. 
NEE cackcvcedeccepnivncceaes 0-774 — 0°0236 0°045 
PEEL scictincdeeécsncenacncaaen 49 1°5 0°49 0°50 
Methyl alcohol as solvent. 
DOREY «oc cndsiscecessisaceseeces 0°717 0°225 0:0064 0°376 
PIE cscctntedincadcnichdnncia 26°0 1:40 0-71 4°17 


It will be seen that very soluble gases show great attraction for the vapours of the liquids 
in which they are soluble, but it cannot be said that the relation is a quantitative one. 
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56. The Halogenation of Phenolic Ethers and Anilides. Part IV. 
The Chlorination of Some p-Substituted Anilides. 


By BrRYNMOR JONES. 


In Part I (Orton and Bradfield, J., 1927, 986) the directive influence of the acylamido- 
group was discussed in the light of modern theories, and from a combined study of the 
proportions of the o- and p-isomerides formed on chlorination and the velocities of sub- 
stitution it was found that these groups (R-CO-NH) could be arranged in the order (for 
R): Et>Pr,Bu>Ph>Me>H. Except for a transposition of the benzamido- and the 
acetamido-group this order agrees with the sequence to be anticipated from a consideration 
of the ionisation constants of the corresponding carboxylic acids. 

Additional rate measurements published subsequently (Bradfield and B. Jones, J., 
1928, 3073) established the interesting fact that the #-toluenesulphonamido-group has a 
more powerful directing influence than the acetamido-group, the same order being observed 
in the depressed reactivities of the corresponding methylated acyl derivatives. The 
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combined data from the study of the unsubstituted anilides then give the following order 
of directive power : 


Et-CO-NH> Pr-CO-NH, Bu:CO-NH> Ph:CO-NH>C,H,SO,*NH>Me-CO‘NH> 
Ph-SO,-NH> H-CO-NH>C,H,SO,*NMe>CCl,-CO-NH>Me-CO-NMe. 


The greater reactivity of the p-toluenesulphonanilide than of the acetanilide in nitration 
was independently observed by Bell (J., 1928, 2770; 1929, 2784), but he appears to have 
overlooked the fact that the explanation of these differences had already been recorded 
by Orton and Bradfield (oc. cit.). 

Measurements have now been extended to anilides in which the f-position is occupied 
by halogen or by a carboxy- or nitro-group, the medium being the ‘‘ 99% acetic acid ”’ 
containing 1 c.c. of water per 100 c.c. of solution. 
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TABLE I. 


Velocity coefficients for the chlorination of substances of the type p-NHAc:C,H,X 
in 99°% acetic acid, at 20°. 


[Cl,] = 0-02M; [HCI] = 005M. 








Concn. of anilide, Concn. of anilide, 
MEOUE TE,  csccasces 0°02 0:06 0:10 eee 0-02 0:06 0710. 
Mol. proptn. ofanilide 1 3 5 Mol. proptn. of anilide 1 3 5 
Velocity coefficients. Velocity coefficients. 
Group X. Group Ac. A . Group X. Group Ac. , a " 
p-Cl C,H;*CO — — 0-950 p-Br C,H,*CO _ = 1-043 
* CH,°CO 0365 O-411 0°465 - CH,°CO 0°418 — 0°528 
os C,H,CO 0°305 --- -- Re C,H,SO, — o- 0°362 
os C,H,SO, 0°294 -- 0°311 me C,H,°SO, -- 0°227 — 
. C,H,'SO, 0:205 0-204 — p-CO,H C,H,-CO 0°719 — 0°885 
‘ CCI,*CO — — 0°00117 * - C,H;*SO, -- 0°199 — 
* Concn. of anilide = 0°20M. 
TABLE II. 
Velocity coefficients for the chlorination of p-bromo-, -chloro-, and -nitro- 
acetanilide in 99% acetic acid at 20°. 
p-Bromo- and p-chloro-acetanilide. -Nitroacetanilide. 
[Cl,] = 0°01M; [HCl] = 0°05M. [Cl,] = 0°04M; [HCl] = 005M. 
Concn. of anilide, mols. /l....... 0°01 0°02 0:02 0°05 
Mol. proptn. anilide ............ 1 2 0:5 1°25 
DEE kccecoscsovesqstinnsescseseres 0-400 -- 0:00897 0°00887 
DUE Sankserevecrvekecetvessevetins 0°351 0°349 


Attempts to determine the constitutional influence of groups upon reactivity from 
comparative velocities are almost invariably complicated by the influence of solvents upon 
reaction kinetics, and as a result there is a tendency at present to regard large differences 
of velocity as alone significant (Conant and Hussey, J. Amer. Chem. Soc., 1925, 47, 480; 
Lapworth, J., 1931, 1964; Williams and Hughes, ibid., p. 3125). Yet from an exhaustive 
study of side-chain reactions, Williams (J., 1930, 37) has shown that as far as reactions 
in polar solvents are concerned “ the regularities in the effect of substituents over-shadow 
specific solvent effects.” In the case of the phenolic ethers (Bradfield and B. Jones, J., 
1928, 1006, 3073 ; 1931, 2903) there can be no doubt that the striking regularities observed 
are to be attributed directly to constitutional changes in the groups X and OR. On the 
other hand, it was to be anticipated that hydrochloride formation would modify the direct- 
ing influence of the acylamido-groups. Witha single exception, an increase in the proportions 
of hydrogen chloride toanilide decreases the velocity coefficient, the relative directive powers 
of the groups varying with the initial concentration of the reactants. The directive powers 
of the acetamido- and the #-toluenesulphonamido-group are 100: 84 when the molar 
proportions of anilide, chloride and hydrogen chloride are 2 : 2 : 5, but 100 : 67 when these 
are in the ratio 10: 2:5. A change of solvent also affects the directive powers. In 40% 
acetic acid, Orton, Soper, and Williams (J., 1928, 998) found the ratio of the velocities of 
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chlorination of ~-bromo- and #-chloro-acetanilide to be Br: Cl = 84:100, while the 
present measurements give Br: Cl = 113: 100. In spite of these effects, however, the 
velocity coefficients determined under identical conditions give the relative directing 
influence of the various acylamido-groups under the particular set of conditions selected. 

A quantitative comparison of the directive powers of the various acylamido-groups 
in the unsubstituted and p-substituted series is not possible, since, owing to the lower 
reactivity of the latter series the measurements were not all carried out at the same 
concentration. From Table I the following series of diminishing directive powers is obtained : 

Et-CO-NH> Me:CO:-NH> Ph-CO-NH>C,H,°SO,*-NH> Ph’SO,-NH>CCI,"CO-NH. 

In both the #-chloro- and the #-nitro-series the theoretical sequence Me-CO-‘NH> 
Ph-CO-NH is found, and in the f-chloro- and p-bromo-series the order C;H,*SO,-NH> 
Me-CO:NH observed in the unsubstituted anilides is reversed. 

In view of the basic character of anilides and the acid nature of the reaction medium, 
it is not to be expected that ratios of the type AD\/k}\: and kOX /k}X obtained in the present 
series would show the same constancy as appeared in the data for the phenolic ethers. 
Nevertheless, the values given in Tables III and IV (compiled from the velocity coeffi- 
cients in Col. 5, Table I) agree sufficiently well to justify the extension of this treatment 
to the chlorination of anilides, but a more detailed knowledge as to the extent of hydro- 
chloride formation in solution would be necessary in order to analyse these results further. 

Finally, a comparision of the relative directive influences of bromine, chlorine, and the 
carboxyl group in p-substituted phenolic ethers and anilides is made in Table VI. With 
the anilides, all three groups display similar effects, whereas in the ethers the deactivation 
due to the carboxyl group becomes much more pronounced. 


TABLE III. 


Relative directive effects of the groups NHAc in compounds of the type 
p-NHAc’C,H,X. Values of l00RXHAc/kXH-CO-CHs, 






































7". Ac=  -CO-CH;. ~CO-C,H;. -SO,°C;H,. 
III sss ccidsinpssiciiacsdeniicaemataanela 100 205 67-1 
2 Pa RG SG 100 198 68-7 





TABLE IV. 


Relative directive effects of the groups -Cl, -Br, and -CO,H in compounds 
of the type p-NHAc’CgH,X. Values of L0ORX"A*/RNE. 









Ac. XA = Cl. Br. CO,H. 
Cele: dccscsnuqevcesnmbeesmeagens 100 110 93°1 
RE «r sovcecinsvosinarncdnenaepeniin 100 114 — 
EMER kccexeugessconerauntevannnenes 100 116 — 
WR igPEg 60s Cocbbs iS oxcdavciasetvestens 100 111 97°4 









TABLE V. 


Effect of relative concentrations of anilide, chlorine, and hydrogen chloride 
on the ratio LOORNHCOCHs /ANECoCHs, 








Mol. proptn. anilide : Cl, : HCI. p-Cl. p-Br. 
2:2:5 100 115 

10:2:5 100 114 

R33 100 114 





















TABLE VI. 


Relative directive powers of the groups Br, Cl, CO,H, and NO, in compounds 
of the type p-NHAc’C,H,X and p-OR-C,H,X. 






Medium. A= Br. Cl. CO,H. NO,. 
Phenylethers 99°, Acetic acid 102°5 100 36 0°25 
Anilides a i 113 100 95 2°17 


Acetanilide 40°, fad “3 84 100 _— a 





> a | i a, 
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EXPERIMENTAL. 


The velocity coefficients were determined by the method described in the earlier papers 
(Orton and Bradfield, J., 1927, 986; Bradfield and B. Jones, J., 1928, 3073), each value recorded 
being the mean of those obtained from at least two individual experiments. Some difficulty 
was experienced initially in determining the starch—iodide end-point owing to the precipitation 
of the anilide when portions of the reaction mixture were run into aqueous potassium iodide, 
but this was. overcome by titrating in the presence of enough carbon tetrachloride to dissolve 
the precipitate. 

The anilides, prepared by standard methods from the corresponding amino-compounds and 
the acyl chloride or anhydride, were repeatedly recrystallised from ethyl alcohol or acetic acid. 


This work was carried out in 1928 at the University College of North Wales, Bangor, and the 
author thanks Dr. A. E. Bradfield for his interest and advice. 
An extension of the study of phenolic ethers is in progress in this laboratory. 


THE UNIVERSITY, SHEFFIELD. [Received, January 17th, 1934.) 





57. Alkaline Halogenation. Part I. The Chlorination of 
Sodium Benzoate. 


By J. C. SMITH. 


THE literature contans several references to the action of chlorine and hypochlorites on 
solutions of sodium benzoate, but records only one quantitative investigation. Lossen 
(D.R.-P. 146174; Friedlander’s “ Fortschritte,’’ 1902, 7, 115) describes processes which 
“ give the three chlorobenzoic acids side by side, and especially the ortho, the meta being 
in small quantity.”” The theoretical significance of this reversal of the orientation in 
benzoic acid substitution has not escaped notice, and it has generally been recognised as 
the converse of the example of aromatic amines, which when free are attacked in the 
0,p-positions and when in the form of salts in the m-position. In both series the reversal 
in the direction exercised by the group is associated with the appearance of an electrical 
charge, a positive charge of the substituted ammonium kation and a negative charge in 
the benzoic anion. 

Although a relation between the acquired charges and the observed orientation is 
evident, yet the precise nature of the influence exerted by the ionic group is by no means 
clear; ¢.g., it has been suggested that the m-directing influence of the carboxyl group in 
benzoic acid becomes a typical 0,f-influence on ionisation (cf. Ingold, Ingold, and Shaw, 
J., 1927, 817). Further, Fliirscheim and Holmes (J., 1926, 1564), interpreting Lossen’s 
results, state that “. . . the nuclear atoms are affected in the order o- > p- > m- on 
account of the direct neutralisation of residual affinity between p-atoms, which results in 
the direct transmission of the polar effect from the substituted atom to the f-atom . . .” 
It is hardly necessary, however, to discuss these theories in detail, because further investig- 
ation has shown that the COO’ group does not produce a typically 0,p-directive effect. 
The products of the chlorination of sodium benzoate have now been analysed, and corre- 
spond to o-substitution 47, m- 33, and p- 20%. This order of activation (0- > m- > p-) 
is difficult to reconcile with the view that there is a direct neutralisation between atoms 
in the p-positions to each other. As the total o- + p- is greater than the m-chlorination, 
it might be suggested that two activations by the ordinary types are involved, (a) an 
0,p-activation and (b) a m-activation, giving also perhaps 20% of o-derivative; but in 
view of the extreme slowness of the ordinary m-substitution process, this explanation, in 
the author’s opinion, is unsatisfactory. The evidence points to activation in all positions 
by the negative charge, the effect decreasing with distance from the charge, and in no 
case is the mechanism postulated similar to that which obtains in the substitution of 
benzoic acid itself. Although it is not justifiable to draw too close an analogy with the 
orientation in the ammonium kation (PhNR,R,R,), the fact that the predominant 
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m-substitution in the kation is accompanied by f- rather than by o-substitution (Ing and 

Robinson, J., 1926, 1660) lends support to the view that a distance factor is involved. 
The problem of the mechanism of chlorination by hypochlorite solutions as well as 

studies of hypobromite and hypoiodite reactions will be dealt with in other parts of this 


series. 
EXPERIMENTAL. 


Chlorination.—The many experiments performed may be divided into four groups : 

(i) (Lossen’s procedure). A solution of hypochlorite was prepared by passing chlorine 
(71 g.) into an ice-cold solution (4500 c.c.) of sodium hydroxide (80 g.). Benzoic acid (f. p. 
121°; 122 g.) was added, and the mixture shaken, any undissolved solid being removed by 
filtration. ‘The clear solution containing benzoate and hypochlorous acid in equimolar proportion 
was kept at 35—40° until all the latter had disappeared (18—24 hours) and was then cooled. 
The precipitate of solid acids (A) was filtered off and dried (20—27 g., but containing inorganic 
matter). On account of its bulk the filtrate was worked up in two parts. Each was acidified 
with concentrated hydrochloric acid (120 c.c.) and extracted three times with ether (total 
volume of ether 1100 c.c.). After drying (sodium sulphate) and evaporation, the extract 
yielded 112—125 g. of solid acids (B) (dried for 3 days at 30°). Eight experiments gave 183 g. 
of A (m. p. 195—200°) and 927 g. of B (m. p. 84—95°, equiv., 137—139). 

(ii) After the same proportions of material as in (i) had reacted, a further 0-5 g.-mol. of 
hypochlorous acid (from chlorine, 35-5 g.; sodium hydroxide, 40 g., in ice-water, 500 c.c.; 
followed by concentrated hydrochloric acid, 43 c.c., in ice-water, 50 c.c.) was added, and the 
mixture left at 40° until no hypochlorite was present (2—4 days). The mixed product (A + B 
fractions) had equiv. 150, so that here, as in procedure (i), only about half the expected amount 
of chlorine was introduced : fraction A (precipitated acids *), 24 g., m. p. 210—220°, equiv. 
153-2; fraction B (extracted), 121 g., m. p. 100—106°, equiv. 149-5. 

(iii) After the reaction had finished as in (ii), } g.-mol. of hypochlorous acid was added, and 
the mixture left for 24 hours at 35—40°; a sample of the solution then gave acids of m. p. 
110°, equiv. 154; later, when these values were 112° and 156-6 (Calc. for C;H,Cl*CO,H, 156-5), 
the reaction mixture was cooled and filtered, and the B acids extracted. 

(iv) When (i) was modified so that sufficient sodium hydroxide (120 g.) was used to convert 
both benzoic and hypochlorous acids into their sodium salts, much hypochlorite remained 
unchanged after 4 days at 39° (compare Ayling, J., 1929, 254). 1 Equiv. of hydrochloric acid 
was then added, and the mixture left for 40 hours longer. The A fraction had m. p. 180—210°, 
and the B fraction m. p. 83—93°, equiv. 137. 

Preliminary Examination of the Chlorination Products.—The high m. p.’s showed that all 
the A fractions were largely p-chlorobenzoic acid. Extraction with benzene or ether in a 
Soxhlet apparatus freed the solid from inorganic matter (originating from the glass of the 
flasks). Procedure (i) gave a B fraction mainly of unchanged benzoic acid (equiv. 137—139). 
By procedure (iii) a B fraction had been obtained with m. p. 112°, equiv. 156-6. This might 
have been almost entirely monochlorobenzoic acids, but analysis by an approximate cryoscopic 
method showed that this mixture contained o-chloro-, 50; m-chloro-, 24; -chloro-, 3; and 
benzoic acid 2%, the remaining 21% probably being dichlorobenzoic acids. Obviously the 
chlorination had gone too far for an accurate determination of the monochlorination products. 
By procedure (ii) a total of 92 g. of A fractions (m. p. 210°) and 472 g. of B fractions (m. p. 
100—107°; equiv. 149, corresponding to 78 mols. % of monochlorobenzoic acids) were prepared. 
Esterification of 300 g. of B and fractional distillation of the esters (as described below for the 
main analysis) showed that B contained 10—15% of dichlorobenzoic acids. Obviously it would 
be unsatisfactory to chlorinate more than half the benzoic acid, and procedure (i) was adopted 
for the preparation of the mixture to be analysed. 

Isolation of the Chlorobenzoic Acids.—The products obtained by procedure (ii) were used : 

p-Chlorobenzoic acid. 5-5 G. of the acid precipitate (A, m. p. 210°), recrystallised from 
benzene (125 c.c.), gave 2-3 g. of m. p. 225°, and after two further crystallisations from benzene, 
1-5 g. of m. p. 237—238°, equiv. 156-3 (Calc.: 156-5). A mixture with p-chlorobenzoic acid 
of m. p. 239° (corr.) melted at 239°. 

m-Chlorobenzoic acid. (a) The mother-liquors after removal of the p-chloro-acid (above) 
were evaporated, and deposited a solid of m. p. 133—136°, raised by recrystallisation from 
benzene to 146—148°, equiv. 155. The m. p. was depressed to 110° and raised to 150—152° 


* Freed from inorganic matter. 
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by admixture with o- and m-chlorobenzoic acid (m. p. 154°) respectively. (b) The B mixed 
acids (20 g.) from procedure (ii) were dissolved in sufficient 10% sodium hydroxide solution, 
and an excess of calcium chloride solution added. The precipitated calcium salts yielded 
6-7 g. of an acid, m. p. 119°, equiv. 150. Recrystallised four times from benzene, this mixture 
gave 1-5 g. of m. p. 153°, equiv. 156-5; mixed with pure m-chlorobenzoic acid, it melted at 
153—154°. 

o-Chlorobenzoic acid. To hasten the purification, a new method of eliminating most of the 
benzoic acid was employed, based on the following experiment. If a mixture of sodium 
benzoate and o-chlorobenzoate (from 2 g. of the acid in each case) in 50 c.c. of water is mixed 
with a cold solution of copper sulphate (slight excess) and the total volume kept at about 
100 c.c., the precipitate yields impure benzoic acid (1-65 g., m. p. 110—118°); from the 
filtrate, hydrochloric acid precipitates 1-75 g. of o-chlorobenzoic acid, m. p. 134—137°. 

The filfrate from the calcium salts (above, isolation of m-chlorobenzoic acid) on acidification 
yielded 12-6 g. of solid, m. p. 115—121°, equiv. 153. This solid (9-2 g.) was dissolved in 
sufficient sodium hydroxide solution, the volume made up to 200 c.c., and copper sulphate 
solution (100 c.c. containing 5 g. of crystals) added at 10°. From the filtrate, hydrochloric 
acid precipitated 5-4 g., m. p. 128—130° (perhaps 85% o-); recrystallised from benzene 
(30 c.c.), it gave 3-1 g., m. p. 137—138°, and again recrystallised, 2-4 g., m. p. 141°, equiv. 
156-3. A mixture with pure o-chlorobenzoic acid (m. p. 142°) melted at 142°. 

Method of Analysis—As it was impossible to convert all the benzoic acid into monochloro- 
benzoic acids without considerable dichlorination, the problem became that of estimating the 
relative amounts of each monochlorobenzoic acid in a mixture [from procedure (i)] of all three 
with much benzoic acid and traces of dichloro-acids. The products naturally separated into 
two fractions owing to the sparing solubility of the p-chlorobenzoic acid; this separation was 
retained, because mixing would have produced a mixture with a percentage of p-chlorobenzoic 
acid inconvenient for thermal analysis. The two fractions, therefore, were esterified separately 
with the minimum of loss and each fractionally distilled through a long column (cf. Hope and 
Riley, J., 1922, 121, 2510). The aim was to eliminate methyl benzoate and dichlorobenzoates 
as much as possible, and also to group the fractions so that the analysis would depend mainly 
on the accurate analysis of 3 or 4 large fractions, approximations being sufficient for the smaller 
ones. No attempt was made to separate the individual monochloro-esters. Hydrolysis gave 
quantitative yields of the acids. Van der Linden (J. Chim. physique, 1910, 12, 465) has shown 
that the binary systems of benzoic acid with the monochloro-acids (Holleman and Bornwater, 
Rec. trav. chim., 1912, 31, 231) can be used for the analysis of ternary mixtures. Part of the 
system o-chloro—m-chloro-benzoic acid (see below) was found unsuitable for analysis because 
of complications from compound formation; but by addition of either isomeride in known 
amount the composition was brought into more suitable regions. 

Esterification. The crude acid A [150 g. out of the 183 g. by procedure (i)] was esterified 
with methyl alcohol and sulphuric acid (20 hours). By recovering and esterifying the unchanged 
acid, 153 g. (above 90% yield) of ester (b. p. 108—122°/19 mm.) were obtained. Similarly 
the acid B (850 g. out of the 927 g.) was esterified in lots of about 200 g. with all precautions 
to avoid loss, giving 857 g. (92% yield) of distilled ester. 

Fractionation. The ester from A was distilled (25 mm.) twice through a 60-cm. column of 
glass rings, yielding A,, 43 g., b. p. 85—120-5° (mainly methyl benzoate), and A,, 105 g., 
b. p. 120-5—127-2°. 

The ester from B (857 g.) was distilled five times through the column, finally yielding the 
fractions : 

Temp. Press., mm. Wt.,g. Cl, %.* Temp. Press., mm. Wt.,g. Cl, %.* 
93°5— 95°5° 25 230 B, 123-5—-129° 25 353 20°4 
95°5— 98-0 i 109°5 ‘ B,; 129—141 16 35 — 
98-0—123°5 aS 73 : B, 141—143 p 11 — 

* By fusion with sodium peroxide. Total 812 g. 

Analysis of the Fractions.—Hydrolysis. A mixture of ester (A,, 19-8 g.), ethyl alcohol 
(3 c.c.), and aqueous sodium hydroxide (35 c.c. of 20%) was boiled until the smell of ester had 
disappeared (10 hours; 0-5—2 hours with other fractions), then acidified in presence of ether 
(250 c.c.) and again extracted with ether (70 c.c.); the extracts were mixed, washed once with 
water, and carefully evaporated, yielding 17-7 g. (dried at 40°), m. p. 173-5°. 

From the m. p., the acid would contain 32-5 mols. % of p-chlorobenzoic acid if it were 
regarded as a mixture of benzoic and p-chlorobenzoic acids; or to 35% p- if a mixture of p- 
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and m-chlorobenzoic acids. Titration with alkali gave equiv. 138, or 54 mols. % of benzoic 
acid. In order to determine the other constituent, it was necessary to eliminate the p-acid. 
5-0 G. of A, were refluxed with benzene (40 c.c.) and then left for 2 hours at room temperature, 
giving a residue (1-6 g.), m. p. 231° (90% p-), and on evaporation 3-3 g. of an acid A,«, m. p. 
102°, mainly benzoic acid. Addition of 0-80 g. of m-chlorobenzoic acid to 0-80 g. of A,« gave 
a mixture, m. p. 124-6° (60-5% m-), corresponding to 17-5 mols. % m- in A,« and to 12 mols. % 
m- in A,. Thus the m. p. shows p- = 34%; equiv., 138 shows benzoic acid 54%; and 
extraction shows m-chloro-acid 12% ; total 100%. 

Analysis of A,. After hydrolysis of the ester, the liquid was diluted and acidified. The 
solid acids precipitated were collected, washed with water, and left to dry, the filtrate and 
washings yielding no more acid on ether extraction. After removal of inorganic matter by 
extraction with ether (Soxhlet), the acid melted at 209-5° in a sealed tube (corr.); yield, 
quantitative. 5-0 G. of the A, acids, extracted twice with benzene (50 c.c. each time), gave 
2-95 g. of residue, m. p. 238° (pure p-chloro-), and 1-9 g. of soluble acids shown to be a mixture 
of o-chloro- (15%), m-chloro- (64%), and benzoic acid (18%). Thus for A,, the m. p. 209-5° 
indicates 64 mols. % of p-chloro-, extraction indicates 26% of m-chloro-, 6% o-chloro-, and 
7% benzoic acid (the equiv. 154-2 indicates 6% of benzoic acid), total 102-5%. 

B, contained only traces of chlorine and was almost pure methyl benzoate. 

B, (Cl, 0-4%) contained only 2 g. of chlorobenzoic acid in the total of 109 g. and was 





neglected. 
B, on hydrolysis gave a quantitative yield of acids, m. p. 92-3°, equiv. 140-2 (47-5 mols. % 


of benzoic acid). 1-0 G. of B, acids mixed with 1-0 g. of benzoic acid gave a mixture melting 
at 102-6° (71% benzoic acid). Therefore B, contains 48-5 mols. % of benzoic acid. Deter- 
mination of m-chlorobenzoic acid: 0-8 g. B, acid + 0-8 g. m-chloro- had m. p. 127-8° (65% 
m-), whence 25 mols. % m- in B,; 0-8 g. B; acids + 1-1 g. m- had m. p. 132-6° (71% m-), 
whence 26% m- in B,. Determination of o-chlorobenzoic acid: 0-8 g. B, acids mixed with 
0-8, 1-0, and 1-2 g. of o-chloro-acid had m. p. 113-0°, 116-7°, and 119-5° respectively, whence 
the proportions of o-chloro-acid in the mixtures were 63, 67-5, and 70-5%, and those in the 
original B, were 22, 22-5, and 22 mols. %. Estimation of p-chlorobenzoic acid: 1-6 g. of B, 
acids + 0-4 g. of p- had m. p. 114-5° (23-5% p- from benzoic—p-chlorobenzoic curve), whence 
ca. 3-5% p- in B;. Thus B, contains 48% of benzoic acid, 22% of o-, 25-5% of m-, and 3-5% 
of p-chlorobenzoic acids. 

B, was hydrolysed completely in 20 minutes to a mixture of acids, m. p. 110-2°, equiv. 
(mean) 155-7, i.e., 2°5% of benzoic acid. Determination of o-chloro-acid: 1-0 g. of B, acids 
mixed with 1-0 and 1-5 g. of o-chloro-acid had m. p. 127-6° and 130-6° respectively, whence 
o- = 79 and 84% in mixture, or 58 and 60 (mean, 59) mols. % of o-acid in B,. Determination 
of m-chloro-acid: 1-0 g. of B, acids mixed with 0-5 and 0-766 g. of m-acid had m. p. 121-0° and 
127-0° respectively, whence m-acid in mixture = 56, 625%, and in B, = 34, 34 mols. %. By 
gradual addition of m- to 2-578 g. of B, acids, the eutectic composition was reached (48% m-) 
with 0-46 g. m-, whence B, contains 38% m-. Determination of p-chloro-acid: the eutectic 
m. p. of B, acids was 108-5°._ A mixture (synthetic) containing 57% o-, 41% m-chloro-acids, 
and 2-5% benzoic acid has eutectic temp. 109-9°. It being assumed that the further depression 
in B, is due to p-chlorobenzoic acid, B, will contain 3% of p- (see p. 218). Thus B, contains 
59% o-, 35% m-, 3% p-chloro-acids, and 2% benzoic acid. 

B, gave a mixture of acids, m. p. 126-5°, equiv. 170 (61% of monochloro-acids). The m. p. 
was depressed by m- and p- and raised by o-chlorobenzoic acid. A mixture of B, (1-5 g.) and 
o-acid (0-3 g.) had m. p. 129-6°. The monochloro-acid present is thus mainly o-, but consistent 
results could not be obtained by thermal analysis. In this relatively unimportant fraction 
(7% of the total monochloro-esters) a content of 60% o- is assumed. 

B, was hydrolysed to acids of m. p. 120—122°, equiv. 184 (Calc. for C,H;Cl,°CO,H : 191). 
This small fraction (1% of the total) was thus mainly a mixture of dichloro-acids (compare 
Hope and Riley, /oc. cit., and J., 1923, 123, 2470) and was not further investigated. 

In order to calculate the composition of the original chlorination product, an adjustment 
must be made between the weights of the A and the B fraction. Of the A fraction (183 g. 
total), 150 g. were esterified (159 g. ester) and distillation yielded 148 g. of A, + A,: factor 
1-40. Similarly, the use of 850 g. (out of the 927 g.) of B giving 857 g. of ester and finally 
812 g. of fractionally distilled product requires a factor 1-25. In col. 3 of Table I the weights 
have been corrected by means of these factors. 

There are obviously many sources of error in this estimation: the unavoidable dichlorin- 
ation probably reduces the proportion of m- and p-chlorobenzoic acids; esterification and 
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fractionation both inyolve losses, but these are likely to eliminate benzoic and dichlorobenzoic 
acids rather than the monochloro-acids; finally the methods of thermal analysis employed are 
only approximate. When full allowance is made for these errors, however, there can be no 
doubt that under the conditions of the experiments the rate of substitution is in the order 
o- > m- > p-. 
TABLE I. 
se i 
P ie, seen ee kh . Wt., g., in fraction. 
Wt., g. Wt., g., corr. i m-. p-. Ph-CO,H. 0-. m-. p-. 
60 12 33 7 20°5 
64 i 9 38 94 





Fraction. 
A, 43 
105 147 j 26 
230 
109°5 
73 91 25°5 3°5 3°5 
353 441 35 3 13 
35 44 


16 20 mostly dichloro 


The relative proportions are thus : 
o-, 47-2; m-, 33-2; p-, 19-7. 


The System o- and m-Chlorobenzoic Acid.—The acids used were Kahlbaum’s products 
crystallised from benzene to constant m. p. Holleman and Bornwater (/oc. cit.) found the 
f. p.’s of mixtures indefinite, and recorded the maximum temperatures of crystal growth, It 
was more convenient here to determine the clearing points of the slowly heated mixtures, the 
values obtained being 0-1—0-2° above those of the crystal growth. Mixtures containing 
between 65 and 43% of o-chlorobenzoic acid give evidence of compound formation (not recorded 
previously), rapid heating of the cooled mixture giving clearing points for the compound, and 
slow heating (which allows time for decomposition) giving the equilibrium temperature between 
pure o-chlorobenzoic acid and the liquid phase. For this very unstable compound (perhaps 
3 mols. of o-chloro- to 1 mol. of m-chloro-benzoic acid) the transition temperature could not 
be determined but appeared to lie between 112 and 114°. The eutectic temperature (obs. 
110-65°, and from curve 110-7°, 52—53% of o-) is in agreement with that given by Hope and 
Riley (110-6° at 53% o-). In their second paper (loc. cit.), Hope and Riley prove the existence 


of compounds of 2 : 5-dichlorobenzoic acid with m-chloro- and with 2 : 3-dichloro-benzoic acid. 
The data are in Table IT. 


TABLE II. 
Mixtures of o- and m-Chlorobenzoic Acid. 
(A = o-chloro-acid.) 


M.p.* 
141° 

134°1 
131°6 
127°4 
120°6 


A, mols. 


= 
66°5 
64°8 
63°4 
62°5 
62°0 


116-5, 113-9 
113°7 


A, mols. Eutec- A, mols. Eutec- 
M.p.* %, M.p.* tic. %. M.p.* tic. 
119°5° 61-2 113°5° — 51:3 113°2° 110°7 
118-2 56°9 112-2 110°9° 49°4 115°3 110°6 
117-2 54°5 111°6 110°7 47°7 1170 a 
52°9 1111 110°6 37°1 127°2 —_ 


68-0 120°35 


* Actually, clearing point (see above). 
Mixtures of Benzoic Acid and m-Chlorobenzoic Acid.—The following points confirm those of 
Holleman and Bornwater (loc. cit.). 


57°8 
104°1° 


49°3 
114:0° 


78°2 
108-4° 


72-0 64°9 
121-9° 103°65° 96°4° * 
* Eutectic 96-0°. 
Ternary Mixtures.—Addition of benzoic acid to the eutectic mixture of o- and m-chloro- 
benzoic acids (o- 52%, m- 48%) : 
Benzoic acid, % by wt. 0° 2°0 43 7-4 
Eutectic temp. 110°65° 110°05° 109°1° 107°8° 
A mixture of benzoic acid (70%), o-chloro-acid (15%), and m-chloro-acid (15%) had m. p. 
101-7°, which is exactly the m. p. of benzoic acid (70%) plus m-chloro-acid (30%). 
Q 
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Quaternary Mixture.—Addition of benzoic and p-chlorobenzoic acids to the eutectic mixture 
of o- and m-chlorobenzoic acids : 


Benzoic acid, %. p-Chloro-acid, %. M. p. 
2 2 108°8° 
2 + 107°4 


The author thanks Imperial Chemical Industries Ltd. for a grant. 
[Received, December 5th, 1933.] 
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58. The Constitution of Tannins. Part I. Reduction Products of 
Chalkones and the Synthesis of a Typical Phlobatannin. 
By ALFRED RUSSELL. 


Ir, as seems probable, the phlobatannins are constituted in a similar way to catechin 
(3: 5:7: 3’: 4’-pentahydroxyflavan), there is nevertheless no reason to suppose that the 
pyranoid hydroxyls will always be found in position 3. Indeed, since catechin is the only 
member of its class known to occur naturally, it is likely that phlobatannins are related, not 
to3-hydroxy- but to 4-hydroxy-flavans. It has therefore been thought of interest to prepare 
substances on the catechin model but hydroxylated in position 4 in order to compare 
their properties with those of typical natural phlobatannins. Experiments on the reduction 
of chalkones indicate that 2-hydroxychalkones, by reduction with zinc dust and dilute 
alcoholic acetic acid, give either 4-hydroxyflavans or the corresponding bimolecular pina- 
cols (compare V and VI). To avoid confusion these reduction products will for the 
present be referred to as 4-hydroxyflavans. 

The formation of 4-hydroxyflavans is shown by the following considerations : 

(1) 2-Hydroxypolymethoxychalkones give amorphous reduction products insoluble 
in N-alkali; e.g., the reduction products of 2-hydroxy-3 : 4 : 4’-trimethoxychalkone, 
2-hydroxy-3 : 4 : 3’ : 4’-tetramethoxychalkone, and 2-hydroxy-3 : 4-dimethoxy-3’ : 4’- 
methylenedioxychalkone. 

(2) 2: 4’-Dihydroxy-3 : 4-dimethoxychalkone gives an amorphous alkali-soluble re- 


duction product. 
(3) Benzylideneacetophenone (chalkone) gives a crystalline colourless compound that 


must be at least bimolecular. 

(4) 4’-Hydroxychalkone and 2:3: 4: 4’-tetramethoxychalkone give crystalline re- 
duction products which are quite analogous to that obtained from chalkone itself and are, 
respectively, soluble and insoluble in alkali. 

4-Hydroxypolymethoxyflavans display, so far as such poorly characterised substances 
can be compared, considerable resemblance to the products obtained by methylating 
natural phlobatannins. Both are amorphous, light-coloured substances when newly 
isolated, which darken superficially in daylight (when free phenolic hydroxyl groups are 
present, the colour change is much more marked and colour tests are given with ferric 
chloride, ¢.g., 4 : 4’-dihydroxy-7 : 8-dimethoxyflavan and non-methylated tannins). Both 
melt indefinitely, slowly decompose on further heating, and give similar fission products 
with fused alkali, viz., a polyhydric phenol and a phenolic acid. 

These results were sufficiently encouraging to. justify the extension of the work to 
similar polyhydroxy-compounds and there has now been obtained 4:7: 3’ : 4’-tetra- 
hydroxyflavan, indistinguishable by all its reactions from typical phlobatannins. De- 
methylation of the polymethoxy-compounds already described was not considered feasible 
for the preparation of polyhydroxyflavans because of the instability of the latter in acid. 
Attempts to prepare the parent chalkones by direct condensation of polyhydric ketones 
with aldehydes gave only highly coloured phenolic condensates; acetoxy-derivatives 
were not used because of the difficulty of obtaining pure acetoxybenzaldehydes; finally 
the use of fully benzoylated derivatives has proved completely satisfactory. 

Resacetophenone dibenzoate (I) was condensed with protocatechualdehyde dibenzoate 
(II) by means of hydrogen chloride in dry ethyl acetate. The resulting 2 : 4 : 3’ : 4’-tetra- 
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(IV), the properties of which are in exact agreement with those of natural butein (compare 
Perkin and Hummel, J., 1904, 85, 1459; Gédschker and Tambor, Ber., 1911, 44, 3502). 
This, by reduction with zinc dust in alcohol and acetic acid gave 4 : 7 : 3’ : 4’-tetrahydroxy- 
flavan (V) or the pinacol (VI). 


BzO/ \OBz 
(L,) CO-CH, 
BO <— H 


yu im 


°\ cH 


(VI.) 


+ OHC 


(II.) 
OH 


OBz 
Bz —> 


°\ cH 


\ Abe (w) 
a 


(IV.) 


CO-CH:CH 
OH 


a 


OBz 


OBz 
(III.) 


OH 





OH 
HO 
oF ‘CH: cH< Oo a 


The properties of 4:7: 3’: 4’-tetrahydroxyflavan are identical with those of natural 


phlobatannins ; 


were carried out in 0-5% aqueous solution with the exception of the first one. 


in each case was pale yellow. 


Reagent. 
Alcoholic FeCl, 


Aqueous FeCl, 
Gelatin 
Lead acetate 


HCl 
re- 


Boiling 
(phlobaphene 
action) 


Bromine water 


50/ 
Y/o 


Calcium hydroxide 


Sodium sulphite 
HCHO + HCl 
Nitrous acid 


Copper sulphate 

Copper sulphate + 
NH, aq. 

Aqueous ammonia 


Pine wood shaving + 
HCl 


Solvent. 
Water 


EtOH, MeOH, 
MeCO,Et, Me,CO 

Et,O, C,H,, etc., 
ligroin, CHCl,, etc. 

Sodium hydroxide 
solution 


4:7:3’: 4’-Tetra- 
hydroxyflavan. 
Dark green colour 
Dark green colour, chang- 
ing to dark blue ppt. 
Ppt. 
Light-coloured 
darkening ; 
acetic acid 
Soln. reddens slowly and 
red ppt. separates 


ppt., 
sol. in 


Immediate heavy orange 
ppt. 

Green colour, faint green 
ppt. 

Pink colour. 


Ppt. on warming 
Immediate brown ppt. 


Faint green colour 
Heavy dark ppt. 


Soln. darkens slowly 
Orange-pink, 24 hours 


Hemlock tannin. 
Dark green colour 
Dark green colour, chang- 
ing to dark ppt. 
Ppt. 
Light-coloured 


darkening . 
acetic acid 


Soln. reddens slowly and 
red ppt. separates 


ppt., 


sol. in 


Immediate heavy yellow 
ppt. 

Pink colour, faint pink 
ppt. 

Pink colour 

Ppt. on warming 


Immediate brown-red 
ppt. 
Faint green colour 


Heavy dark ppt. 


Soln. darkens slowly 
Pink, 24 hours 


Solubilities. 


- 


a comparison with two natural phlobatannins is given below. The tests 


The solution 


Mimosa tannin. 
Dark blue-violet colour 
Dark blue-violet colour, 

changing to dark ppt. 
Ppt. 
Light-coloured 


darkening ; 
acetic acid 


Soln. reddens slowly and 
red ppt. separates 


ppt., 
sol. in 


Immediate heavy orange 
ppt. 
Purple ppt. 


Pink colour 
Ppt. on warming 
Immediate brown-red 


ppt. 
Faint blue-green colour 


Heavy dark ppt. 


Soln. darkens slowly 
Faint pink, 24 hours 





Soluble : conc. solns. 
red; dil. solns. yellow 


Readily sol. to dark red 
soln. 


Insoluble 


Readily sol.; dark soln. 
bleached by acid 


Soluble: conc. solns. 
red; dil. solns. yellow 


Readily sol. to dark red 
soln. 


Insoluble 


Readily sol.; dark soln. 
bleached by acid 


Soluble : ” conc. solns. 
red; dil. solns. yellow 


Readily sol. to dark red 
soln. 


Insoluble 


Readily sol.; dark soln. 
bleached by acid 
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The synthetic product is rapidly and quantitatively absorbed by hide powder from 
3% aqueous solution, in exact agreement with the absorption of hemlock and mimosa 
tannins. Moreover, small pieces of cleaned and scraped sheepskin, placed in concentrated 
aqueous solutions, darken slightly, swell, toughen, take on all the appearance of leather, 
and show no signs of decomposition after several months. In blank tests with hide steeped 
in water, decomposition proceeded rapidly after a few days. All the tests were controlled 
by blanks. 

It does not follow from the work described that all 4-hydroxy-polyhydroxyflavans are 
phlobatannins; tanning properties probably depend on the number and orientation of 
free phenolic hydroxyl groups present. The first synthetic phlobatannin was not intended 
to compare with any individual natural phlobatannin, but it may well be identical with 
one (probably Quebracho tannin, which gives corresponding fission products) ; the catechol 
group was included because most phlobatannins contain it. Apart from a few individuals 
which differ sufficiently from the main body for comparison with synthetic products, it 
is clear that the properties of the members of the phlobatannin group are too alike to make 
comparison of synthetic products with individuals satisfactory. . Ultimate comparisons 
such as m. p, and analyses cannot be regarded as of much value for amorphous substances 
that cannot be rigidly purified. In view of this, the research is being extended by a com- 
prehensive examination of the possible 4-hydroxy-polyhydroxyflavans with variously 
oriented phenolic hydroxyl groups. This should include the synthesis of most natural 
phlobatannins. It has already been noted that the so-called 4-hydroxyflavans may 
really be the corresponding pinacols. Since analytical figures are not of sufficient accuracy 
to settle this point and molecular-weight determinations are not practicable, it is being 
studied, indirectly, through the examination of the crystalline reduction product of chalkone 
itself; and, directly, through chalkone reduction in a closed system, where the quantity 


of absorbed hydrogen can be measured. 


EXPERIMENTAL. 


2-Hydroxy-3 : 4-dimethoxy-3' : 4'-methylenedioxychalkone, prepared from gallacetophenone 
3 : 4-dimethyl ether and piperonal (yield, 60%), formed orange needles, m. p. 175°, from dilute 
alcohol (Found: C, 65-6; H, 5-1. C,,H,,O, requires C, 65-8; H, 49%). 2: 4'-Dihydroxy- 
3 : 4-dimethoxychalkone, from gallacetophenone 3 : 4-dimethyl ether and p-hydroxybenzaldehyde 
(yield, 45%), formed bright yellow, hair-like needles, m. p. 106°, from dilute alcohol (Found : 
C, 63-5; H, 5-7. C,,;H,,O;,H,O requires C, 64-1; H, 5-7%). 2:3:4: 4'-Tetramethoxy- 
chalkone, from gallacetophenone trimethyl ether (obtained as an oily by-product in the methy]- 
ation of gallacetophenone) and anisaldehyde (yield, 80%), crystallised from alcohol in light 
yellow, fine needles, m. p. 94° (Found: C, 69-4; H, 6-2. C,,H,.O, requires C, 69-5; H, 6-1%). 

4-Hydroxy-7 : 8 : 4'-trimethoxyflavan.—To a boiling solution of 2-hydroxy-3: 4: 4’-tri- 
methoxychalkone (5 g.) in alcohol (400 c.c.) and acetic acid (50 g.), zinc dust (25 g.) was added 
during 1 hour. The solution, now colourless or very light green, was cooled and poured into 
water (2 1.). The colourless precipitate (5 g.) was collected, dissolved in alcohol (charcoal), 
and reprecipitated with water. The light cream-coloured amorphous product was insoluble in 
acids and boiling N-alkali and readily soluble in organic solvents, except ligroin, but could not 
be crystallised therefrom. It gradually darkened on keeping, and charred when heated above 
its melting point 85—95° [Found: C, 68-2; H, 6-4; OMe, 28-4. C,;H,,0O,(OMe), requires 
C, 68-4; H, 6-3; OMe, 29-4%]. 

4-Hydroxy-7 : 8: 3’ : 4'-tetramethoxyflavan, m. p. 90—110° (Found: C, 65-8; H, 6-4. 
C,9H,,0, requires C, 65-9; H, 6-4%), and 4-hydvoxy-7 : 8-dimethoxy-3' : 4'-methylenedioxyflavan, 
m. p. 110—125° (Found: C, 65-4; H, 5-5. C,,sH,,0, requires C, 65-5; H, 5-45%), were 
similarly obtained from the corresponding chalkones in 80% and 90% yield respectively. 

4: 4'-Dihydroxy-7 : 8-dimethoxyflavan, obtained from the corresponding chalkone in theo- 
retical yield, was a light cream-coloured amorphous solid, m. p. 120—125°, soluble in alkali. 
It rapidly became dark red in daylight, but underwent no appreciable colour change when kept 
in darkness. In dilute aqueous-alcoholic solution it gave a permanent pink colour with ferric 
chloride (Found : C, 66-6; H, 6-1. C,,H,,0, requires C, 67-5; H, 6-0%). 

Reduction Product of Chalkone.—Chalkone (5 g.) in boiling alcohol (100 c.c.) and acetic acid 
(15 c.c.) was reduced with zinc dust (20 g.) by the method described above. The colourless 
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solution, filtered hot, deposited on cooling a mass of white woolly crystals. This, washed with 
boiling water and recrystallised from alcohol, gave felted needles (4 g.), m. p. 192°. The product 
was unsaturated and gave no reactions for a keto-group. It was insoluble in water, acids, and 
alkalis, but soluble in organic solvents (Found: C, 85:9; H, 6-35. C3 9H,,O, requires C, 86-1; 
H, 6-2%). 

4’-Hydroxychalkone and 2:3:4: 4’-tetramethoxychalkone, similarly reduced, gave 
products which crystallised from alcohol in fine colourless needles, m. p. 204—205° (Found : 
C, 79-0; H, 6-0. Cy 9H,,O, requires C, 80-0; H, 5-8%), and stout colourless needles, m. p. 
168°, respectively. 

2:4:3':4'-Tetrahydroxychalkone (Butein).—A colourless solution of resacetophenone 
dibenzoate (3-6 g.; 1 mol.) and protocatechualdehyde dibenzoate (3-6 g.; slight excess over 
1 mol.) in dry ethyl acetate (70 c.c.), when saturated at 0° with dry hydrogen chloride (2 hours), 
became yellow, orange, orange-red, and finally light red. It was kept in ice for 24 hours, 
protected from moisture; ligroin (330 c.c.) then precipitated a dark red oil. This was washed 
with water and warm alcohol (20 c.c.), dissolved (7 g.) with great difficulty in boiling alcohol 
(75 c.c.), and refluxed for 3 hours with potassium hydroxide (5-5 g.; 10 mols. approx.) dissolved 
in water (100 c.c.). Water (100 c.c.) was then added, most of the alcohol removed by evapor- 
ation, and the dark orange-red solution cooled and acidified. The precipitate (2-5 g.), recrystal- 
lised from dilute alcohol, formed brilliant orange needles, m. p. 212°. The product dissolved 
in aqueous alkali to deep orange-red solutions. In alcoholic solution, it gave a deep red pre- 
cipitate with lead acetate (compare butein), and a transient saffron colour, which darkened 
rapidly, with ferric chloride. 

4:7: 3': 4'-Tetrahydroxyflavan.—2 : 4: 3’ : 4'-Tetrahydroxychalkone (1-6 g.) was dissolved 
in alcohol (25 c.c.) and acetic acid (5 c.c.), and to the boiling solution zinc dust (5 g.) was added 
in five portions during 15 minutes. The deep orange-red solution became very light yellow, 
but during filtration the colour darkened to reddish-brown. The solution was diluted to 250 
c.c. with water, treated with bicarbonate, saturated with sodium chloride, and extracted with 
ethyl acetate (once, 40c.c.). The clear red extract was dried (sodium sulphate) and evaporated 
to dryness below 50°. The residual light red-brown, vitreous mass (1-5 g.) was dissolved in 
acetone, shaken with charcoal, and the filtered solution evaporated ina vacuum. The residue 
was a clear golden-red vitreous mass and became a light red, amorphous solid on grinding. 
It retained traces of solvents very obstinately (Found: C, 65-2; H, 5:25. C,,;H,,0O, requires 
C, 65-7; H, 5-1%. CygH_gOQy requires C, 66-0; H, 4-76%). 


I am grateful to the Carnegie Trust for a Teaching Fellowship. 
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59. Chemical Evidence for the Planar Structure of Plato-tetrammines. 
By H. D. K. Drew and F. S. H. Heap. 


A PLATO-TETRAMMINE salt of the form [Pt(a—b),]X,, where a—b is a chelate diamine of 
non-symmetrical outline, should occur in cis- and trans-forms if the distribution of the 
four valencies about the platinum atom is planar, but in only one form (resolvable) if the 
distribution is tetrahedral. Reihlen and Hiihn (Amnalen, 1931, 489, 42) have investigated 
several substances of this nature without observing more than one form in each case, 
and have claimed, moreover, that the tetrammines are resolvable and therefore of tetra- 
hedral structure. On the other hand, Tscherniaev (Aun. Inst. Plat., 1926, 4, 243) has 
claimed the isolation of three isomeric plato-salts of the ammine [Pt am py(NH,*OH)(NO,)|C1. 
We thought that a tetrammine of this lower type of symmetry, [Pt a b c d]X,, where a bed 
are four different amines, would give a more decisive result; but in view of the difficulty 
of preparing the necessary intermediate triammines, ¢e.g., [Pt a b c X]X, and of the fact 
that the tetrammine if planar could exist in three isomeric forms, we decided to examine 
a tetrammine of the intermediate type, [Pt(a—b)c d]X,, which should give two geometrical 
isomerides if planar but only a racemic form if tetrahedral. zsoButylenediamine, 
NH,°CMe,*CH,*NH, (designated as ib), was chosen as the chelate grouping, since it is the 
simplest non-symmetrical chelate diatnine which is incapable of becoming dissymmetric 
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even if regarded as co-ordinated to platinum through dissimilar links. Owing again to 
the difficulty of preparing mixed triammines, it was recognised that the chelate group 
would necessarily have to be the last to be co-ordinated to the molecule, and that therefore 
the initial material must be the mixed diammine, Pt c d X,. We were already aware (J., 
1932, 2328) that chelate groupings can be added only to diammines of 8-form. Very 
little is known of mixed $-diammines, and the few representatives of this class have not 
yet been clearly differentiated from their «-isomerides; but it has now been confirmed 
that the action of amines on Cossa’s potassium salt, a method due to Klason (Ber., 1904, 
37, 1349), gives mixed 8-diammines as main products. With ethylamine (ae), K[Pt(NH,)Cl,| 
gave §-amminoethylaminoplatinous chloride, Pt amaeCl, (am = NHg), a_ well-defined 
substance having a definite m. p. This diammine was shown to be of f-structure by 
coupling it with chelate diamines, mixed tetrammines (see later) being produced, whereas 
the corresponding «-amminoethylaminoplatinous chloride, which was prepared by the 
action of hydrochloric acid upon 6-diamminobisethylaminoplatinous chloride, [Pt am,ae,}Cl, 
(from 8-Pt am,Cl, and ethylamine), lost both ammonia and ethylamine when treated with 
a chelate diamine, giving only a bischelate tetrammine. . 

When 6£-Pt am ae Cl, was treated with 1 equiv. of isobutylenediamine, it gave a mixture 
of two isomeric plato-tetrammines which were separated by fractional crystallisation ; 
analysis showed that each was anhydrous and had the formula [Pt am ae ib]Cl,; they were 
sharply distinguished both in crystalline form and in solubility. The less soluble form, 
a-amminoethylaminoisobutylenediaminoplatinous chloride, gives a plato-salt, «-[Pt am ae 
ib]PtCl,, in thin silver-pink plates; the @-tetrammine, which is about four times as soluble 
as its a-isomeride in 96% alcohol, gives a more soluble 8-flato-salt of chamois shade, form- 
ing bundles of woolly needles. The isomeric plato-salts, like the parent tetrammines, 
are readily distinguishable by inspection; they can be repeatedly crystallised without 
alteration from dilute hydrochloric acid, in which the «-salt forms a solution of markedly 
deeper colour; both plato-salts are anhydrous. 

In view of this result, we re-examined Reihlen’s [Pt ib,]Cl,, and found that here again 
the plato-tetrammine consisted of a mixture of two well-defined isomerides, whether it 
was prepared from potassium chloroplatinite and 2 mols. of base, from a-Pt am,Cl, and 2 
mols. of base, or from isobutylenediaminoplatinous chloride, Pt ib Cl, (from potassium 
chloroplatinite and the diamine), and 1 mol. of base. From 96% alcohol the less soluble 
isomeride, «-diisobutylenediaminoplatinous chloride, forms large rhombic tablets of the 
dihydrate; it yields a plato-salt, a-[Pt ib,]PtCl,, consisting of square tablets of nacreous 
deep-chamois shade. The 6-tetrammine, which is about twice as soluble as its isomeride 
in 96% alcohol, forms woolly bundles of thin needles consisting of the monohydrate and 
gives a more soluble 6-p/ato-salt in compact complex prismatic crystals of deep pink shade. 
The isomeric plato-salts are again easily distinguishable by eye, and are unaltered by re- 
peated crystallisation; both are anhydrous. 

The existence of these two pairs of isomeric plato-tetrammines and of their plato- 
salts, already briefly reported by us (Nature, 1933, 132, 210), could conceivably be ex- 
plained on one of the following hypotheses as alternative to the planar theory: (a) that 
each pair of isomerides includes a planar and a tetrahedral form; (b) that both isomerides 
of a pair are either cis- or ¢rans-planar, the isomerism being occasioned by the manner of 
location of the positive charges. 

To test the matter, the following interactions, each of which could give a pair of isomeric 
tetrammines if hypothesis (a) were true, have been examined: (1) ethylenediamine (en) 
and 8-Pt am ae Cl,, which gave amminoethylaminoethylenediaminoplatinous chloride, [Pt 
am ae en}Cl,; (2) ethylenediamine and 8-Pt am py Cl,, which gave amminopyridinoethylene- 
diaminoplatinous chloride, [Pt am py enJCl,; (3) ethylamine and a-Pt am py Cl,, which 
gave a-amminopyridinobisethylaminoplatinous chloride, [Pt am py ae,]Cl,. In each case 
only one tetrammine could be isolated, and the product gave a single plato-salt with potas- 
sium chloroplatinite. The action of isobutylenediamine upon 8-Pt am,Cl, likewise gave 
rise to a homogeneous product, [Pt am,ib]Cl,, which was characterised as its plato-salt. 
There is, therefore, good reason for rejecting hypothesis (a). 

If hypothesis (b) were true, a much closer relationship than that actually found might 
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be expected to subsist between the members of a pair of isomerides; e¢.g., electromorphs 
would probably be to some extent interconvertible (whereas we have not found any signs 
of interconversion), and would probably also possess similar crystalline structures and 
solubilities (whereas marked differences were noted in these respects). Moreover, if the 
isomerism were due to stable and easily distinguishable electromorphs, it might be expected 
to be found also in some of the cases (1)—(3), above. 

Still another alternative hypothesis might arise from the suggestion of Rosenblatt 
and Schleede (Annalen, 1933, 505, 51), who postulate that [Pt en,]Cl, could exist in four 
forms, planar with respect to the arrangement of the four nitrogen atoms about platinum, 
but comprising modifications of the five-membered rings on a supposed analogy with the 
Sachse models for cyclohexane rings; in the case of [Pt ib,]Cl,, this would mean that eight 
forms are possible, four being dissymmetric. Apart from the fact that there is no evidence 
for the existence of this complexity of forms, we think that the hypothesis can be rejected 
on the ground that there is no experimental support for the occurrence of biplanar forms 
of five-membered ring compounds. It is concluded that the observed isomerism is due 
solely to the planar distribution of the amine groupings about the platinum atom. This 
probably means that all of the known plato-tetrammines are of planar type. It is shown 
in this paper that chelate diamines readily become added to 8-Pt am py Cl, to form mixed 
plato-tetrammines without displacement of pyridine or ammonia, but that in the. case 
of «-Pt am py Cl, complete displacement of these groups occurs with formation of bischelate 
plato-tetrammines. Hence it follows that «-Pt am py Cl, is a ¢trans-compound, and since 
this substance is produced by removing ammonia and pyridine (by means of hydrochloric 


(am py | am am | - Me,C—NH NH,—CH, | 

verre | Cl, Pa ; Cl, | 2 pt” 2 2 | Cl, 

| py” am py” py | H,C—-NH,” \NH,—CMe, | 
(I.) [a-.] (II.) [B-.] (III.) [a-.] 


acid) from @-[Pt am, py,]Cl,, the latter must have formula (II), and its «-isomeride must 
thus have formula (I). These configurations, as is well known, are in agreement with the 
common methods of producing these tetrammines, through the action of amines (ammonia 
or pyridine) on the four unmixed «- and $-plato-diammines. There is analogy between 
(I) and (II), on the one hand, and «- and @-[Pt ib,]Cl, on the other, both in the order of 
solubility of the plato-tetrammines and of their plato-salts and in the colour of the latter ; 
in each pair, the more soluble plato-tetrammine forms a pink plato-salt and the less soluble 
a chamois-yellow plato-salt, which likewise is less soluble than its isomeride. For this 
reason it is concluded that formule (III) and (IV) represent «- and 6-[Pt ib,]Cl,, respectively. 
In the case of «- and 8-[Pt am ae ib]Cl,, it is not yet possible to decide with any certainty 
which isomeride has formula (V) and which has (VI). 


Me,C-NH NH,-CMe, am NH,-CMe am NH,-CH, | 
o kt obhed oe o, | ae ‘Jou { are ere 


H,C-NH,7 \NH,-CH, ae” ap ae” \NH,-CMe, | 
(IV.) [g-J (V.) (VI.) 

In previous papers on plato- and pallado-ammines (J., 1932, 988, 1004, 1895, 2328, 
2975; 1933, 1294, 1335) the stereochemical definition of the «- and §@-pairs of positions 
was left open until more information should be available. From this and the previous 
paper (Drew and Wyatt, this vol., p. 56) it will be clear that the «- have now been shown 
to be trans- and the 6- to be cis-pairs of positions in the plane of the metallic atom. In 
the graphical formule of the above series of papers, therefore, the groups shown in «- 
positions (written there as horizontal pairs) may now be transferred to the pairs of diagonal 
corners of the quadrilateral figures. In the present paper, the positive charges of the 
tetrammines are shown, formally, in «- (or ¢vans-)positions, arbitrarily selected in some of 
the cases; the work here described does not bear directly on this question. 


EXPERIMENTAL. 


a-Amminoethylaminoplatinous chloride, Pt am ae Cl,, was prepared by heating 8-[Pt am,ae,]Cl, 
(from 8-Pt am,Cl, and ethylamine) with concentrated hydrochloric acid. It forms a bright 
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yellow, crystalline powder, m. p. 215—216° (decomp.) (Found : Pt, 59-65, 59-05. CH »N,Cl,Pt 

requires Pt, 59-45%). It dissolves in hot aqueous isobutylenediamine with production of a 
laced (distinction from p- 


mixture of a- 
Pt am ae Cl,). The crystals of «-Pt am ae Cl, are always ill-defined, and it is unusually easily 
hat a proportion of y-diammine is present. 
p-A mminoethylaminoplatinous chloride was prepared by the action 0 
aqueous ethylamine on 6-5 g. of Cossa’s potassium salt, [Pt am Cl,]K, in water (50 c.c.); after 
temperature, the precipitate was separa 
filtered from a little green material, and a little hydrochloric acid added to the filtrate, from 
which small transparen yield) separated. The 
and at 196° when recrystallised respectively from dilute hydrochloric 
acid and water; admix rked depression of m. p.; it 
gives no coloration with phenoxtellurine dibisulphate (Found : C, 7-4; H, 3:3; N, $3; Pt, 
N, 8-5; Pt, 59-45%). In the 
above reaction there is produced also another substance which is under examination. 
e Cl,, was obtained either by evaporating 
the mother-liquor from the above preparation OF by oxidis 
hydrogen peroxide and hydrochloric acid; it forms square-ended, bright yellow needles, darken- 
This 
substance combines with a-Pt am ae Cl, at 210° to form a red crystalline substance, probably 
(Pt am ae Cls)s- 
bisethylaminoplatinous chloroplatinite (from a-Pt am,Cl,, ethylamine, and 
then potassium chloroplatinite) formed 
hydrochloric acid, m. p. 211° (decomp.). The g-plato-salt, similarly obtained from 8-Pt am,Cl,, 
.), from dilute hydrochloric acid 
(Found: Pt, 59-3. Calc.: Pt, 59-45%). 
isoButylenediamine and g-A mminoethylaminoplatinous Chloride —A number of experiments 
water and treated with 3-5 c.c. of 40% isobutylenediamine solution, the volume being made 
up to 40 c.c. with water ; oom temperature; the solution 
oxide, and the residue extracted with hot alcohol, 
which effected a rough separation of a- an 
soluble. The residue from the extraction was fractionated from alcohol—water, giving finally 
extract (above) 
gave the pure g-isomeride when crystallised repeatedly from 96% alcohol. The isomerides 
appeared to be present in nearly equal proportion, but the a-isomeride, owing to its smaller 
The total yield of the mixture was nearly quantitative. Analysis of the various fractions for 
platinum showed that the composition remained unaltered throughout. 
ethyl alcohol in colourless glassy crystals, which often appear as square blocks or as hexagonal 
tablets, but may develop to a more . Like its i i i 
H, 5-45; N, 13-45; Cl, 16-9, 16-75; Pt, 46-65, 
46-7. CegHggN,Cl,Pt requires C, 17°3; H, 5:3; 
a plato-salt, which separates from dilute hydrochloric acid in thin nacreous silver-pink 
CpHyN CiPts requires C, 10-55; H, 3-25; Pt, 57-2%). 
A mminoethylaminoisobutylenediaminoplalinow chloride (VI or V) separates from 96% 
ethyl alcohol, in which it is about four times as soluble as thi 
develop to forms with hexagonal or octagonal outlines ; 
more perfect crystals seem to be rectangular prisms i 
45; H, 5-5; N, 13-6; Cl, 16-7, 17-0, 17-0; Pt, 46-8. CgHggN,Cl,Pt requires C, 
17:3; H, 5:3; 
chloric acid, in which its solution is markedly less coloured than an equivalent solution of the 
thin chamois-coloured needles (Found: C, 10-6; H, 
3-5; Pt, 56-75, 56-8. C,HyN,ChPts requires C, 10 
meride, this plato-salt is unchanged in colour when dried at 115° during several hours. Both 
of these isomeric plato-salts have mar 
a trace of hydrochloric acid is present. 


and @-[Pt ib,}Cl,, ammonia and ethylamine being disp 
soluble in water for an a-diammine ; it seems probable t 
f a slight excess of 
1 day at room ted, dissolved in hot water, the solution 
t faintly yellow rhombic plates (2°9 g., 58% 
substance melts at 206° 
ture with the a-isomeride produces a ma 
59-46, 69-25, 59-45. CH N.C, Pt, requires C, 7:3; H, 3-05; 
a-A mminoethylaminoplatinic chloride, Pt am a 
i idising the preceding compound with 
ing and then melting at 238° (Found: Pt, 48-1. CgHyN,Cl,Pt requires Pt, 48-85%). 
a-Diammino 
long, flat, dichroic (blue-green) needles from dilute 
formed very long, dull-green needles, m. P. 202° (decomp 
were carried out, all giving similar results; ¢.g., 4:0 g. of g-Pt am ae Cl, were suspended in 
the solid dissolved during 12 days at r 
was allowed to evaporate over phosphoric 
d 6-[Pt am ae ib]Cl,, the former being much less 
the pure a-isomeride, and the residue obtained on evaporating the alcoholic 
solubility, was usually isolated in larger yield (25—45%) than the §-isomeride (20—25%). 
«_Amminoethylaminoisobutylenediaminoplatinous chloride (V or V1) separates from 96% 
dissolves readily in cold water (Found : C, 17 5; 
N, 13-45; Cl, 17-05; Pt, 46-9%). It forms 
rhombic or hexagonal plates which appeat to be dichroic (Found : C, 10-6; H, 3-35; Pt, 56-7. 
e a-isomeride, in colourless, spear 
shaped, rhombic crystals which may 
terminating in truncated square pyramids 
(Found : C, 17- 
N, 13-45; Cl, 17-05; Pt, 46-9%). Its plato-salt separates from dilute hydro- 
g-isomeride, in woolly masses of long 
55: H, 3-25; Pt, 57-2%). Like its iso- 
ked solubility in hot water but tend to decompose unless 
‘Amminoethylaminoethylenediaminoplatinous chloride, [Pt am ae enjCl,, 


was prepared by the 
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action of aqueous ethylenediamine on 6-Pt am ae Cl, at room temperature (6 days); fraction- 
ation showed that only one tetrammine was present (Found: Pt, 50-3. C,H,,N,Cl,Pt requires 
Pt, 50-25%); it formed prismatic needles and gave a plato-salt in bundles of small violet needles. 

6-Amminopyridinoplatinous chloride was prepared by the action of 1 equiv. of aqueous 
pyridine (1) on K[{[Pt am Cl,] at room temperature (1 day), the precipitate being purified by 
crystallisation from hot water (yield of pure substance usually 20—25%); or, less suitably, 
(2) on Pt am Cl, (see later) in hot aqueous suspension. The diammine separates from water 
in yellow ill-defined crystals, which give only a very feeble brownish coloration with phenox- 
tellurine dibisulphate (Found: C, 17-1, 17-0; H, 2-25, 2-3; Pt, 53-95, 53-7. Calc.: C, 16-6; 
H, 2-2; Pt, 53-9%). 

Amminopyridinoethylenediaminoplatinous chloride, [Pt am py en]Cl,, from aqueous ethylene- 
diamine and $-Pt am py Cl,, crystallised as monohydrate from aqueous alcohol in rectangular 
prisms (Found: Pt, 44-4, 44-5. C,H,,ON,CI,Pt requires Pt, 44-3%). It gives a plato-salt, 
which crystallises from water in large red rectangular plates (+ 1H,O) (Found, in hydrated 
salt: Pt, 55-5. C,H,,ON,Cl,Pt, requires Pt, 55-25%. Found, in dried salt: Pt, 56-5. 
C,H,,N,Cl,Pt, requires Pt, 56-7%). The above tetrammine was always accompanied by a 
small proportion of [Pt en,]Cl,, either through a displacement reaction or owing to the presence 
of some a-Pt am py Cl, in the initial material. A separate experiment showed that the action 
of ethylenediamine on a-Pt am py Cl, liberates pyridine and ammonia, giving [Pt en,]Cl, (Found : 
Pt, 50-7. Calc.: Pt, 50-5%), even when only 1 mol. of ethylenediamine is used (in which case 
part of the diammine remains unaffected). 

a-Amminopyridinobisethylaminoplatinous chloride, [Pt am py ae,]Cl,, was prepared from 
a-Pt am py Cl, and aqueous ethylamine (8 days at room temperature) ; it forms colourless com- 
plex prismatic crystals from 96% alcohol or from a little water (Found : Pt, 43-6. C,H,,N,Cl,Pt 
requires Pt, 43-15%). The piato-salt forms both a monohydrate, rose-pink, rectangular and 
hexagonal prisms (Found: Pt, 52-45, 52-5, 52-4. C,H,,ON,Cl,Pt, requires Pt, 52-9%), and 
anhydrous salmon-pink polyhedral crystals (Found: Pt, 54-0, 54-05. C,H,.N,Cl,Pt, re- 
quires Pt, 54-3%), which can be hydrated to the rose form. The case is probably similar to 
that of 8-[Pt am,dm,]PtCl, (see Drew and Wyatt, J., 1932, 2975), in which the physical con- 
ditions determine which form is stable; sometimes both forms are initially produced together. 

Amminotripyridinoplatinous chloride was obtained, as colourless square or oblong plates 
(Found: Pt, 36-25. C,,H, ON,Cl, requires Pt, 36-25%) of the monohydrate, by the action 
of 2 mols. of pyridine on a-Pt am py Cl,; its plato-salt {+ 1H,O) formed very pale pink square 
plates (see J., 1932, 1014). When only 1 mol. of pyridine was used, the triammine was not 
obtained, but only the tetrammine together with unchanged diammine. 

Isomeric Tetrammines of Formula [Pt ib,]Cl,—A mixture of the two salts was prepared 
by the action of aqueous isobutylenediamine upon (1) «-Pt am,Cl,, (2) Pt ib Cl,, or (3) potassium 
chloroplatinite. In reaction (1), ammonia was expelled; by fractionation from aqueous 
alcohol the product was separated into the a- (yield, 27%) and 8-tetrammine (yield, 19%); 
incidentally, B-Pt am,Cl, dissolves in aqueous ib without loss of ammonia, giving a tetrammine 
which forms a plato-salt, [Pt am,ib]Pt Cl,, crystallising in orange-red rhombic plates. Methods 
(2) and (3), which are similar in effect, are better than (1). The following is one of a number 
of experiments made: potassium chloroplatinite (5-0 g.), isobutylenediamine dihydrochloride 
(3-88 g.), and the equivalent of potassium hydroxide, were brought together in water (60 c.c.) ; 
after 20 hours at room temperature, dissolution of the precipitated Pt ib Cl, was effected by 
heating under reflux (2 hours); the solution was evaporated in a vacuum, and the residue 
extracted three times with alcohol (50 c.c.). The extracted material, which contained some 
potassium chloride, was fractionated from alcohol and from various mixtures of alcohol and 
water, the progress of the separation being followed by observing the crystal forms and the 
character of the plato-salts prepared from samples of the fractions; in this way, there were 
obtained the «- (1-79 g. of dihydrate; yield, 31%) and the B-tetrammine (2-0 g. of monohydrate ; 
yield, 36°%); the isomerides are probably present in nearly equal quantitiés (total yield nearly 
theoretical). Final purification of the 6-form is best effected from 85% alcohol. 

«-Bisisobutylenediaminoplatinous chloride (III) separates from 96% alcohol or from water 
in large colourless rectangular tablets of the dihydrate (Found: Pt, 40-9, 40-8, 40-9; loss at 
110°, 7-4. C,H,,N,Cl,Pt,2H,O requires Pt, 40-8; 2H,O, 7-5%). The anhydrous substance 
was very sparingly soluble in pure alcohol (Found: C, 21-5; H, 5-5; Pt, 44-55. C,H,,N,Cl,Pt 
requires C, 21:7; H, 5-45; Pt, 44-1%); it was hygroscopic, being converted in air into the 
monohydrate (1 hour) and then more slowly (12 hours) into the dihydrate. The plato-salt, 
a-[Pt ib,]PtCl,, separates from hot water containing a little hydrochloric acid in glistening, 
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deep chamois-yellow, square or rectangular plates (Found : C, 13-55; H, 3-5; Pt, 55-05, 55-1. 
C,H,,N,Cl,Pt, requires C, 13-55; H, 3-4; Pt, 55-1%); like its B-isomeride, it is unchanged 
by further crystallisation. 

8-Bisisobutylenediaminoplatinous chloride (IV) separates from 96% or 85% alcohol in woolly 
masses of thin colourless needles of the monohydrate (Found: Pt, 42-7; loss at 110°, 3-7, 3-65. 
C,H,,N,Cl,Pt,H,O requires Pt, 42-4; H,O, 3-9%). From water it forms a dihydrate (Found : 
loss at 110°, 7-03. 2H,O requires loss, 7-5%). The anhydrous substance remained crystalline 
when obtained from the monohydrate (Found: C, 21-75; H, 5-7; Pt, 44-4. C,H,,N,Cl,Pt 
requires C, 21-7; H, 5-45; Pt, 44-1%); on standing in air, it becomes rehydrated to the mono- 
hydrate only (distinction from the a-isomeride). The substance is about twice as soluble as 
its a-isomeride in 96% alcohol at 15°. The Piato-salt, B-[Pt ib,]PtCl,, separates in compact 
complex polyhedral crystals, which frequently show hexagonal outlines (Found: C, 13-65; H, 
3-65; Pt, 55-45, 54-95, 55-1. C,H,,N,Cl,Pt, requires C, 13-55; H, 3-4; Pt, 55-1%); it is 
rose-pink, and is more soluble than the «-form. 

isoButylenediaminoplatinous chloride, Pt ib Cl,, was prepared by the action of a slight excess 
of isobutylenediamine on aqueous potassium chloroplatinite at room temperature. The sub- 
stance separated in admixture with the above plato-salts of the bisdiamine, from which it was 
separated by flotation and then by crystallisation from water. It forms large, sulphur-yellow, 
square-ended tablets, sometimes with facets (Found : C, 13-7; H, 3-45; Pt, 55-1. CgH,,N,Cl,Pt 
requires C, 13-55; H, 3-4; Pt, 55-1); it is moderately soluble in hot water, and gives no color- 
ation with phenoxtellurine dibisulphate. 

Klason’s salt, Pt am Cl,, was prepared as described by him from K[Pt am Cl,] by means of 
chloroplatinic acid, and was obtained (yield, 57%) as minute irregular brown dendritic crystals, 
insoluble in hot water and not purifiable (Found: Pt, 68-15. Calc.: Pt, 689%). When 
dissolved in hot ammonia, it gave 8-Pt am,Cl, and [Pt am,]Cl,. 

















We are indebted to H.M. Department of Scientific and Industrial Research for a generous 
grant, to the Chemical Society, and to Messrs. The Mond Nickel Co. for the loan of platinum 


metal. 
East LONDON COLLEGE, UNIVERSITY OF LONDON. 













[Received, December 29th, 1933.] 
















Part I. Some Ketones 





60. Researches in the Carvone Series. 
and Amines. 


By JoHN READ and ROBERT G. JOHNSTON. 


A coop deal of new light has recently been thrown upon the chemistry and stereochemistry 
of the menthones, menthols, and menthylamines (J., 1925, 127, 2782 ; 1933, 170). Of almost 
equal interest in the terpene chemistry are the similar substances derived theoretically 
by interchanging the groups 2 and 3 of the menthones and their derivatives : 


CHMe CHMe 
ak ak 
2 2 Hy 
Yew - *r 
Menthones. Carvomenthones. 

A cursory knowledge is all that can be claimed at present for the resulting carvomenthones 
and their congeners. It is now hoped to extend the knowledge of this group by the applic- 
ation of methods which have been elaborated in studying the menthone chemistry, and 
possibly in other ways. The acquisition of a detailed stereochemical knowledge of two 
groups of substances related so closely as these is a matter of general interest in stereo- 
chemistry and of special interest in the chemistry of terpenes. Since members of both 

groups occur as natural products, the subject has also a biochemical aspect. 
Of the two readily accessible natural substances which have been used as points of 
departure in the menthone chemistry, /-menthol affords entry to the menthone series and 
/-piperitone to the isomenthone series; piperitone, moreover, has the great advantage of 
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being available in /-, d-, and dl-forms. In the carvone chemistry, the conditions are less 
favourable, the two most useful natural substances being d- and /-carvone, obtained from 
oil of caraway and oil of spearmint, respectively: effective entry to the iso-series thus 
presents difficulty in this group, although it may ultimately be attained by hydrogenating 
suitable unsaturated substances. 

d-Carvone is readily hydrogenated, yielding /-rotatory carvomenthone with [«], about 
— 25°. The rotatory power varies over a small range, according to the conditions; and 
the experiments outlined below indicate that specimens of carvomenthone prepared in this 
. way consist of equilibrium mixtures of two stereoisomeric carvomenthones. The variations 
observed in these experiments were much smaller than those recorded for menthone (J., 
1926, 2214), and there was no inversion in the sense of the optical rotation, all the equili- 
brated specimens being /-rotatory. The purest specimens of /-menthone and its dynamic 
stereoisomeride, d-isomenthone, are made by oxidising /-menthol and d-isomenthol, respec- 
tively, with Beckmann’s reagent. Similarly, -carvomenthone, with [«]i7’ — 6-0°, has now 
been made by oxidising d-carvomenthol, a stereochemically homogeneous substance 
prepared from the equilibrium mixture of /-rotatory carvomenthones via /-carvomenthone 
oxime (m. p. 99—100°) and its main product of reduction, d-carvomenthylamine. This is 
the lowest numerical value of [«]) yet recorded for acarvomenthone, and it is noteworthy 
that the Indian herb, Blumea Malcomii, yielded /-carvomenthone having [«]}?” — 9-33° 
(Simonsen and Rau, J., 1921, 119, 876). /-Carvomenthone oxime has m. p. 99—100°, 
[a]i* — 38-7° (alcohol). We assign this oxime to /-carvomenthone because the ketones of 
low numerical rotatory power give the highest yields. From a study of these yields, and 
using the value [a], —6° for the first isomeride, the value of [«]» for the second isomeride 
has been estimated approximately at — 90°; a direct and more satisfying determination 
must be deferred until an appropriate carvomenthol becomes available for oxidation. It 
is shown below that d-carvone was most readily hydrogenated in presence of a palladium 
hydroxide-—calcium carbonate catalyst ; the product had [a]p —30-6°, which is the highest 
numerical value yet recorded for a specimen of carvomenthone. The dynamic isomerism 
of the menthones and carvomenthones may be summarised in a preliminary form as follows : 


d-menthone — /-1tsomenthone l-carvomenthone — /-isocarvomenthone 
([a]Jp + 30°) (— 92°) (— 6°) (? — 90°) 


In the carvomenthone series the equilibrium appears to lie further to the left and to be 
attained more rapidly than in the menthone series. 

The precise knowledge of carvomenthylamines is very limited. Wallach (Annalen, 
1893, 277, 138) and also Brunel (Compt. rend., 1907, 145, 1437) prepared optically inactive 
carvomenthylamine by reducing d/-carvomenthone oxime (m. p. 105°) with sodium and 
alcohol; Wallach (Amnalen, 1900, 313, 361) obtained a similar material by reducing 
terpinene nitrosite; moreover, he found that optically active carvomenthylamine was 
formed in the reduction of optically active «-phellandrene nitrosite or nitro-«-phellandrene 
(Annalen, 1895, 287, 377; 1904, 336, 32). We have now obtained stereochemically pure 
specimens of the last base, for which we propose the name d-carvomenthylamine, by 
reducing /-carvomenthone oxime with sodium and alcohol. 

This reduction yields about 92-5% of d-carvomenthylamine and 7-5% of a second base, 
which, as shown below, may be conveniently called /-neocarvomenthylamine. The best 
source of the latter base is the mixture of stereoisomeric formylcarvomenthylamines which 
is formed when /-rotatory carvomenthone is heated with ammonium formate; the new 
base was isolated by fractionally crystallising the derived mixture of hydrogen d-tartrates. 
The relationships existing between d- and /-neocarvomenthylamine are strikingly similar 
to those shown by /- and d-neomenthylamine (J., 1930, 2764) : 

* ni - [a}o. 
d-Carvomenthylamine 1-4578 +12°47° 
/-neoCarvomenthylamine ; 14596 — 26°55 
/-Menthylamine . 14600 — 44°53 
d-neoMenthylamine “85! 14614 +15:12 
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When treated with nitrous acid, d-carvomenthylamine gives d-carvomenthol * as the 
main product, together with small amounts of /-neocarvomenthol * and /-A!-menthene. 
The same three substances are given by /-neocarvomenthylamine : here, however, the ter- 
pene is the main product. Thus, in the deamination process, d-carvomenthylamine 
resembles the menthylamines and /-neocarvomenthylamine resembles the neomenthy]- 
amines. The capacity for crystallisation which distinguishes neomenthylamine deriv- 
atives (J., 1926, 2224) reappears in the derivatives of /-neocarvomenthylamine. Salicyl- 
idene-d-carvomenthylamine, like salicylidene-d-menthylamine, is strongly phototropic ; 
the corresponding derivatives of -+-neocarvomenthylamine and d-neomenthylamine are not 
phototropic. The evidence which has been summarised enables the appended parallel 
arrangement to be advanced for characteristic members of the two series of substances : 


Values of [a]p (homogeneous substances). 


IE ope cneccereecaesheanupnegsiasauenton +50° d-Carvomenthol _ .............sccesesseesess +28° 
PENG 0. oc vcisce ness casescescccsssss +45 d-Carvomenthylamine ..................++. +12 
I 0 daa chdiaecni ii tdndiinta +30 PRAMVOMBREMOED hi cicdicisscccccvcccccsciss — 6 
I-meoMenthylamine —..........s.scseeeeeeeee —16 l-neoCarvomenthylamine............+ —27 
PEED trnennsxnatatinintvedeusietieiend — 20 l-meoCarvomenthol ............ccseseeeeees —42 


* In alcohol (J., 1933, 193). 


It is noteworthy that a transition from the menthone to the carvomenthone series through- 
out the above table is accompanied by a fairly regular shift in the value of [«]p, varying 
from 12 to 36 units in the /-rotatory sense. 

All the available evidence points to the stereochemical analogy of these five pairs of 
substances. Consideration of their molecular configuration may be conveniently deferred 
until more experimental evidence, bearing upon the Auwers-Skita rule and other points 
(cf. J., 1927, 1278), has been collected; if, however, the prefix iso- is allocated, as in the 
menthone series, to the saturated ketone having the higher numerical rotatory power, the 
nomenclature adopted above falls naturally to the two carvomenthylamines now described. 
As shown below, it is possible that a third carvomenthylamine has also been isolated, in 
the form of a benzoyl derivative with m. p. 151—152° and [a], — 38-8° (chloroform). 

The above classification suggests a correspondence in molecular configuration between 
l-carvomenthoneand d-menthone, and therefore between d-carvomenthone and /-menthone : 
now while /-menthone occurs in peppermint oil, d-carvomenthone is obtained by hydrogen- 
ating /-carvone, which occurs in oil of spearmint. These relationships point to the possible 
existence of an interesting biochemical correspondence (cf. Chemical Reviews, 1930, 7, 42). 

A secondary base, dicarvomenthylamine, (CygH,,),NH, is also produced when /-carvo- 
menthone is heated with ammonium formate; this does not readily yield characteristic 
derivatives, possibly because it may consist of a mixture of ten stereoisomeric substances. 

Wallach (Amnalen, 1893, 275, 121) obtained specimens of dihydrocarvylamine, which 
must necessarily have been mixtures of four stereoisomerides, by reducing d-carvoxime 
with sodium, and also by heating d-carvone with ammonium formate under pressure. From 
the product of the former reaction a stereochemically homogeneous d-dihydrocarvylamine 
(d-A®-menthenyl-2-amine) has now been isolated; the configurational correspondence 
of this base with d-carvomenthylamine is shown by the exclusive hydrogenation of its 
benzoyl derivative to benzoyl-d-carvomenthylamine. The melting points and rotatory 
powers of corresponding derivatives of these two bases are very similar, and in each case the 
salicylidene derivative shows marked anomalous rotatory dispersion. Thus, the double 
bond in the isopropylidene side-chain appears to exert little influence upon certain of the 
physical properties of the unsaturated base and its derivatives. 


EXPERIMENTAL. 
Ketones. 


1-Rotatory Carvomenthone.—d-Carvone of [a]p ca. +- 62°, from caraway oil, was hydrogenated 
(40 Ib. /sq. in.) in the presence of a palladium catalyst in three different ways (Hughesdon, Smith, 
and Read, J., 1923, 128, 2916; Wallach, Annalen, 1911, 381, 64; Hartung, J. Amer. Chem. Soc., 


* The nomenclature and characteristics of these new alcohols will be discussed in a later paper. 
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1928, 50, 3370; Ott and Schréter, Ber., 1929, 60, 633). In each instance about 60% of the 
calculated volume of hydrogen was absorbed, and a second treatment with fresh catalyst raised 
the quantity only to about 70%. It was unprofitable to isolate carvomenthone from the 
product. The incomplete hydrogenation seems to be due largely to the isomerisation of carvone 
to carvacrol during the process. 

A successful result was achieved with a palladium hydroxide-calcium carbonate catalyst 
(Busch, Ber., 1916, 49, 1063; 1929, 62, 1458), using 40 g. of d-carvone, 200 c.c. of methyl alcohol, 
and 8 g. of catalyst (equivalent to 0-16 g. PdCl,), followed by an additional 4 g. of catalyst after 
an hour’s shaking. In 2 hours a 96% absorption of hydrogen had occurred. The distilled 
product had b. p. 98—99°/16 mm., n}” 1-4552, a?” — 27-66°, [a]?” — 30-62°.* It is advisable 
to remove any carvacrol by extraction with aqueous alkali. 

Much of the /-rotatory carvomenthone used in this work was made by hydrogenating 
d-carvone with the aid of a nickel catalyst supported on powdered porous pot, according to the 
effective method of Rupe (Helv. Chim. Acta, 1918, 1, 452; Annalen, 1927, 459, 210; H. Rupe, 
‘‘ Anleitung zum Experimentieren,”’ Braunschweig, 1930, p. 168). The purified ketone made in 
this way gave values of [«]?” falling between — 24-9° and — 25-1°; since di" = 0-9033, the 
values of aj)" fall between — 22-5° and — 22-7°. 

1-Carvomenthone.—d-Carvomenthol (10 g., «jj + 25-08), obtained by treating d-carvo- 
menthylamine with nitrous acid and purifying the product through the 3 : 5-dinitrobenzoate, 
was shaken with chromic acid mixture (70 c.c.) in the way used by Beckmann for oxidising 
/-menthol (Annalen, 1889, 250, 335). The mixture was warmed, with continual shaking, to 
61°; the black addition compound then liquefied. The product was cooled rapidly, and an 
ethereal extract of the resulting ketone was washed with water and dilute sodium carbonate 
solution, and dried with sodium sulphate. The ketone (9-0 g.) distilled almost completely at 
97—97-5°/17 mm., and had nj" 1-4545, al!’ — 9-71°; in absolute alcohol (c 8-0), the value of 
(x}\ was — 11-9°. Ina second experiment the ketone had b. p. 96—96-5°/16 mm., m}j" 1-4548, 
al; — 5-46, [a]}{* — 6-0°; this was the purest specimen of /-carvomenthone prepared. The 
oxime obtained from it in 85% yield by treatment for several days with hydroxylamine acetate 
in aqueous alcohol at room temperature appeared to be homogeneous: m. p. 99—100°, [a]}¥” 
— 38-7° (absolute alcohol). 

Dynamic Equilibrium between 1- and 1-isoCarvomenthone.—The carvomenthone used in 
experiments 1 to 5 below was prepared from d-carvone by Rupe’s method, and had b. p. 91-5— 
92-0°/10 mm., }}" 1-4570, nj” 1-4554, d?” 0-9033, af” — 22-54°, [a]j}” — 24-85°. In absolute 
alcohol (c 7-9), the value of [«]j/" was — 26-6°, and the rotatory powers recorded below were 
determined under these conditions. 

1. The ketone was kept in contact with concentrated hydrochloric acid at room temperature 
for 6 hours, with occasional shaking; it was recovered by extraction with ether, and dried over 
sodium sulphate. The value of [«]}" had changed from — 26-6° to — 16-6°. 

2. The ketone was dissolved in 90% sulphuric acid at — 9°, and the pale yellow solution was 
gradually warmed to 30° and then poured on ice; the recovered substance, after steam distill- 
ation, had [a]p —16-8°. 

3. The ketone (3 c.c.) was added to a cold solution of sodium (0-5 g.) in absolute alcohol 
(12 c.c.); when recovered after 20 hours, it had [«]p — 14-9°. Asimilar treatment of a fresh 
sample gave [a]p — 15-8°. 

4. After being shaken for 2 hours with an excess of 40% aqueous sodium hydroxide, the 
recovered and distilled ketone had [a]p — 23-3°. 

5. When heated in a silica test-tube at 200° for 3, 5, and 12 hours, the ketone had [a]p — 23-8°, 
— 23-4°, and — 23-0°, respectively. 

6. A specimen of /-carvomenthone made by oxidising d-carvomenthol had [«]j° — 11-9° 
in absolute alcohol (c 8-0); when this was treated with alcoholic sodium ethoxide as in (3) above, 
the value altered to — 17-8°. 

7. Carvomenthone having «jj — 21-2° reacted rapidly with semicarbazide acetate in aqueous 
solution at room temperature, and after 24 hours 12 g. of ketone had deposited 17-2 g. of crystal- 
line semicarbazone having [«]j? — 30-4° (chloroform), m. p. 170—176°. After five successive 
recrystallisations from hot ethyl alcohol, the constant values m. p. 192°, [a]}f “— 13-25° (chloro- 
form) were attained. The purified semicarbazone (6-3 g.) when steam distilled with 20% 


* Unless otherwise stated, values of a quoted in these researches refer to a 1-dcm. tube, and values 
of [a] to solutions having c = 2-0, approximately; when a value for a is mentioned, the homogeneous 
liquid substance was used. 





Read and Johnston : 


aqueous oxalic acid (1-1 mols.) underwent rapid hydrolysis and yielded carvomenthone having 
ale — 14-46°. 
Amines. 

d-Carvomenthylamine.—A specimen of chemically pure carvomenthone prepared by Rupe’s 
method had [a]p — 24-85° and gave a 72% yield of solid oxime when left with hydroxylamine 
acetate in cold aqueous solution for 2 days; recrystallisation from light petroleum furnished 
large transparent rhombohedra of /-carvomenthone oxime, m. p. 99—100°, [«]p — 37-0° (abso- 
lute alcohol). A syrupy product, apparently an oxime, was also formed in this reaction. The 
yield of solid oxime was found to increase with decreasing optical rotation of the carvomenthone ; 
it is therefore advisable, if this oxime is required, to treat the hydrogenated carvone with 
alcoholic sodium ethoxide before converting it into oxime. 

When reduced with sodium in boiling absolute alcohol, which had been dried over quicklime, 
80 g. of the above recrystallised oxime yielded 72 g. of crude carvomenthylamine hydrochloride ; 
by using dried alcohol which had also been heated under reflux for 4 hours with calcium shavings 
(1 g. to 200 c.c.), the yield of hydrochloride was increased almost to the theoretical quantity. 
The values of [«]p (water) for such preparations ranged from + 8-7° to + 9-2°. The product 
was very soluble in water, alcohol, or chloroform; readily soluble in benzene; and progressively 
less soluble in ethyl acetate, acetone, light petroleum, and ether. This approximate order of 
solubilities holds for all the amine hydrochlorides described in this paper. Recrystallisation 
from hot ethyl acetate containing a little alcohol readily yielded long glistening needles of 
d-carvomenthylamine hydrochloride, m. p. above 250°, [a]}f° + 12-2°, [M]if + 24-4°; these 
constant values were reached after two recrystallisations. d-Carvomenthylamine was liberated 
from hydrochloride having [a]}*° -+ 122°, which had been recrystallised six times; the base has 
to be handled carefully owing to the ease with which it absorbs carbon dioxide, forming a 
crystalline deposit. It is a colourless, limpid liquid, with an odour closely resembling that of 
the menthylamines, and it is only very slightly soluble in water: b. p. 89-8—90-0°/16-5 mm., 
a 0-8505, nf" 1-4578, [Rz]p 49-70 (calc. for CygH,,N, 49-53), af + 10-61°, [aj] + 12-47°, 
ais, + 12-40°, [«]%5, + 14-58; in chloroform solution (c 3-8), [a]?" + 13-09°, [a]%;, + 15-29°. 

Derivatives of d-Carvomenthylamine.—Unless otherwise indicated, all the rotatory powers 
given for these derivatives were determined at 25°: for salts, the solvent was water (c 2-0); for 
other derivatives, chloroform (¢ 1-0). When two rotatory powers are recorded, the first is 
(a]#° and the second is [«]%;,; when one only is given, it is [a]§. All derivatives made from 
the hydrochloride having [«]}f° + 12-2° behaved as homogeneous substances when fractionally 
crystallised; most of them formed small, colourless needles from aqueous acetone or aqueous 
alcohol. The formyl derivative distilled at 160—170°/12—17 mm. when the dry formate was 
heated under diminished pressure to about 300°; it crystallised from aqueous acetone in fine 
needles, m. p. 95°, [a]}” + 62-1°, [«]%;, + 72-8° (Found: C, 71-8; H, 11-2. C,,H,,ON requires 
C, 72-0; H, 11-6%). Acetyl derivative, m. p. 160—161°, + 67-8°, + 79-6° (Found: C, 72-9; 
H, 11-4. C,,H,;ON requires C, 73-0; H, 11:7%). Propionyl derivative, m. p. 128—129°; 
+ 65-7°, + 77-0°. n-Butyryl derivative, m. p. 123—124°; + 59-4°, + 71-2°. n-Hexoyl 
derivative, m. p. 104°; + 55-5°, + 63-8°. m-Octoyl derivative, m. p. 97—98°; + 50-0°, 
+ 56-6°. Phenylacetyl derivative, m. p. 177°; + 41-7°, + 47-7°. Benzoyl derivative, m. p. 
161°; + 45-1°, + 52-6° (Found: C, 78-3; H, 9-7. C,,H,,ON requires C, 78-7; H, 9-7%). 
d-Camphor-10-sulphony] derivative, m. p. 95°; + 61-2°. Carbimide, m. p. 206—207°. The 
salicylidene derivative separated from rectified spirit in short prisms. The substance is photo- 
tropic, behaving similarly to salicylidene-d-dihydrocarvylamine. The optical rotatory dis- 
persion is anomalous: [a]/* + 18-0°, [a]? + 14-8°; [aif + 18-6°, [a]R” + 15-0°; [aif 
+ 19-0°, [a], + 15-1°; [aif + 12-19, [a]#° + 8-8°. . The salicylidene derivatives of /-, d-neo-, 
and d-iso-menthylamine were examined also, but their rotatory dispersions were normal. 

The formate separated in fine leaflets when the acid and the base were mixed in ether; m. p. 
152°, [a] + 12-1°, [Mji* + 24-3°. The hydrogen d-tarirate was deposited as a thick syrup 
when its alcoholic solution was evaporated; it separated slowly from an aqueous solution at 
room temperature in large, transparent, monoclinic prisms, m. p. 143—144°, [a]if’ + 20-1°, 
[Mii + 64-9° (Found: C, 52-0; H, 9-1. C,,H,,O,N,H,O requires C, 52-0; H, 9:0%). The 
d-camphor-10-sulphonate, m. p. 138—140°, [a]}" + 19-5°, [M]j} + 75-5°, formed a thick syrup 
which set to a hard crystalline mass ; this was too soluble to be fractionally crystallised. The 
l-camphor-10-sulphonate, m. p. 144—145°, [a«]j*° — 8-4°, [M/]if — 32-5°, was less soluble, and 
could be crystallised from a little light petroleum. 
1-neoCarvomenthylamine.—Separate quantities of 30g. of /-rotatory carvomenthone, made by 
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Rupe’s method and purified from carvomenthols by treatment with Beckmann’s chromic acid 
mixture (Aunalen, 1927, 459, 210), were each heated with 36 g. of ammonium formate at 130° 
for 48 hours in a flask provided with an air-condenser. When cold, the contents of six flasks 
were mixed, and the brown syrup forming the upper layer was extracted with ether, dried, and 
fractionally distilled under diminished pressure. The fraction distilling up to 160°/10 mm. 
consisted mainly of unchanged carvomenthone, and it was treated again with ammonium 
formate. The second fraction (90—120 g.), b. p. 163—185°/11 mm., was hydrolysed by boiling 
it under reflux for 12 hours with 5—6 equivs. of 10% alcoholic hydrogen chloride. The alcohol 
was then distilled, and the residue basified with sodium hydroxide and steam-distilled; the 
neutral solution obtained by adding hydrochloric acid to the volatile base was evaporated to dry- 
ness on the water-bath. The non-volatile base consisted of dicarvomenthylamine. The crude 
hydrochloride had [a]p —12° to — 16° (water), m. p. ca. 180—190°; 180 g. of fresh carvomenth- 
one furnished 36—46 g. In a fractional hydrolysis, the first fraction of crude hydrochloride 
(13 g.) had [«]) —16-1°, and the second fraction (10 g.) had [a]p — 12-1°. 

Unsuccessful attempts were made to separate the constituents of this product by fractionally 
distilling the free bases and by fractionally crystallising and fractionally extracting the hydro- 
chloride. Successive fractional distillation and crystallisation of the formyl derivative (26 g.) 
led to the separation of a small amount (0-7 g.) of formyl-d-carvomenthylamine, m. p. 94—95°, 
[Jp + 61-5° (chloroform). The crude benzoyl derivative had m. p. 93—96-5°, [a]p — 6-6° 
(absolute alcohol, c 2-0); after six fractional crystallisations these values had changed to m. p. 
102—103°, [«]p + 45-7°. The Schiff’s bases obtained by condensing the crude base with 
salicylaldehyde, vanillin, and -dimethylaminobenzaldehyde did not crystallise. Certain 
aldehydes of higher molecular weight (see below) were therefore prepared and condensed with 
the crude base. §-Naphthalenesulphonylsalicylaldehyde yielded a derivative which crystallised 
with difficulty; the other complex aldehydes described below gave syrupy products with the 
crude mixture of carvomenthylamines. 

The perchlorate, benzoate, and hydrogen oxalate of the crude base gave no definite separ- 
ation, and the /-menthoxyacetate appeared to undergo dehydration on the water-bath, yielding 
the /-menthoxyacetyl derivative. The crude formate (118 g.), m. p. 75-—87°, [a]p — 14:0° 
(water), when fractionally crystallised from acetone, first showed a fall in the numerical value of 
[a]p, but eventually it gave a small yield (5-6 g.) of pure /-neocarvomenthylamine formate, m. p. 
131-5—132°, [«]p — 31-5°, [M]p — 63° (water). The hydrogen d-tartrate (380 g.) of the mixed 
bases had [a]p + 8-2° (water); when it was recrystallised once from hot 50% aqueous alcohol 
and three times from hot water, with systematic inoculation, it yielded 1-neocarvomenthylamine 
hydrogen d-tartrate (102 g.), having m. p. 162°, [a]) — 5-7°, [M]p — 18° (water) (Found: C, 
52-3; H, 9-1. C,,H,,0,,H,O requires C, 52-0; H, 9-0%%). 

l-neoCarvomenthylamine closely resembles d-carvomenthylamine in its general properties. 
The following physical constants were determined: b. p. 87-8—88-0°/16 mm., d}° 0-8558, 
ni 1-4596, [Ry ]p 49-58 (calc. for CyH,,N, 49-53), af” — 22-72°, [a]#” — 26-55°, a3, — 26-53°, 
[a]$%1 — 31-00°; in chloroform solution (c 4-0), [a]#° — 20-13°, [«]?%, —23-94°. The hydro- 
chloride had [a]}° — 31-9°, [M]}*" — 61-1° (water, c 2-0). 

The hydrogen tartrate with [a]) — 5-7° readily yielded other homogeneous derivatives of 
the base, including the formate, already described. The formyl derivative distilled at 298— 
299°/775 mm. when the formate was heated; it is very soluble, and was deposited from a little 
light petroleum as a white crystalline powder, m. p. 50°, [a]? — 61-2°, [«]#;, — 74:2° (chloro- 
form, c 2-0). In general, the derivatives of this base crystallised better than those of d-carvo- 
menthylamine, being deposited in long transparent needles from alcohol or acetone containing 
alittle water. In the following list of constants, the rotatory powers are given as for the formyl 
derivative above. Acetyl derivative, m. p. 114°; — 61-9°, — 75-4° (Found: C, 73-0; H, 11-8. 
C,,H,,ON requires C, 73-0; H, 11-8%). Propionyl derivative, m. p. 101°; — 60-1°, — 72-4°. 
n-Butyryl derivative, m. p. 98°; — 57-6°, — 69-0°. Benzoyl derivative, m. p. 126°; — 33-0°, 
— 38-3° (Found: C, 78-5; H, 9-7. C,,H,,;ON requires C, 78:7; H, 9-7%). Phenylacetyl 
derivative, m. p. 81°; — 40-6°, — 48-0°. The salicylidene derivative formed stout yellow 
prisms, m. p. 36—37°, which were not phototropic, thus agreeing with salicylidene-d-neo- and 
salicylidene-d-neoiso-menthylamine (J., 1927, 2174). Like salicylidene-d-carvomenthylamine, 
it exhibited anomalous rotatory dispersion: [a]? — 6-00°, [a]? — 5-85°, [«]3, — 5-40°; 
[a]p’ could not be determined, owing to the marked absorption in this region of the spectrum 
(Found : C, 78-6; H, 9-5. C,,H,;ON requires C, 78-7; H, 9-7%). 

Attempts to isolate Other Carvomenthylamines.—1. The mixed carvomenthylamine hydro- 
chlorides recovered from the mother-liquors of the above hydrogen tartrates had [«]p — 8-3° 
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(water). No effective separation attended a prolonged extraction of this material with boiling 
light petroleum, although from the less soluble portion some pure acetyl-d-carvomenthylamine 
was prepared. The hydrogen /-malate did not crystallise satisfactorily. By fractionally 
crystallising the hydrogen /-tartrate from water, about 22% of the material was isolated as 
d-carvomenthylamine hydrogen /-tartrate, m. p. 176°, [«]p — 7-0° (water). 

2. The syrupy product formed in the oximation of carvomenthone having [a]p — 24-85° 
(see above) was dried and distilled ina vacuum; the main product passed over at 135—140°/17 
mm. and had [a]p — 43-5° (absolute alcohol, c 2-0), and when kept for some days it deposited a 
small amount of the oxime of m. p. 99—100°. When dissolved in dry ethyl alcohol, reduced 
with sodium, and worked up in the usual way, it gave in good yield a crystalline hydrochloride 
with [a]p — 6-8° (water). The corresponding hydrogen d-tartrate (90 g.) had [a]p + 8-2°; 
after two recrystallisations from 50% aqueous methyl alcohol this gave a fraction (16-5 g.) with 
m. p. 166°, [a]p + 5-4°. The derived hydrochloride had [«]p — 11-8° (water), and the benzoyl 
derivative had [«]p — 33-7° (chloroform); when recrystallised, the latter had m. p. 151—152°, 
[a]p — 38-8°. This result, taken in conjunction with the properties of the tartrate, suggests 
that a new base had been obtained, and this conclusion was supported by a study of the deamin- 
ation of this base, which will be described in a later paper. 

Dicarvomenthylamine.—l-neoCarvomenthylamine and its stereoisomerides, formed by 
heating /-carvomenthone with ammonium formate, are accompanied by a basic oil which is not 
volatile in steam (see above). This material distilled almost completely at 178—179°/11 mm., 
185—186°/14 mm., or 187—-188°/16 mm., and had the following physical constants after distill- 
ation: di 0-8956, nj 1-4787, [Rz]p 92-71, ali — 3-15°, [ali — 3-5°. It appeared 
to consist of a mixture of stereoisomeric dicarvomenthylamines, (CyH4.),.NH (Found: C, 81-8; 
H, 13-3; N, 4-9. C.H;,N requires C, 81:9; H, 13-3; N, 48%). The material is a fairly 
limpid, colourless liquid, which darkens slightly when exposed to light, and possesses a feeble 
but characteristic odour. Its basic properties are much less pronounced than those of the 
carvomenthylamines; it does not absorb carbon dioxide from the air, but in aqueous-alcoholic 
solution it turns red litmus blue. When shaken with mineral acids, the small globules which 
form become coated with a thin layer of the insoluble salt. The hydrochloride, prepared by 
passing hydrogen chloride into an ethereal solution of the base, was a glass. The salts with 
inorganic acids are very soluble in organic solvents; no crystalline salts with formic, acetic, or 
picric acid were obtained, and syrupy products were formed also by the action of acetyl or 
benzoyl chloride. In chloroform solution the base reacts rapidly with half a molecular propor- 
tion of bromine, apparently giving rise to the N-bromo-derivative and the hydrobromide; the 
hydrochloride of the base does not react with bromine. 

d-Dihydrocarvylamine.—d-Carvoxime (30 g.) was reduced with sodium (38 g.) and absolutc 
alcohol (Wallach, A nnalen, 1893, 275, 121). The product (25-5 g.) had n\** 1-4827, ai® + 24-20°. 
Most of it (21 g.) distilled at 86—-92-5°/12 mm.; a little unchanged oxime was present. The 
customary evaporation of aqueous solutions of the hydrochloride was avoided, owing to the 
accompanying hydration of the double bond (Willstatter, Amnalen, 1903, 326, 6), The crude 
acetyl derivative had m. p. 90—95°, [a]p + 58-4°; after 5 recrystallisations from petroleum 
(b. p. 60—80°), this material gave 15% of its weight of pure acetyl-d-dihydrocarvylamine, m. p. 
131—132°, [a]p + 91-8° (chloroform) (cf. Wallach, Joc. cit.). 

Neither the hydrogen d-tartrate nor the hydrogen oxalate of the crude base responded to 
fractional crystallisation, The formate (68 g.), made by mixing the base and anhydrous formic 
acid in ether, gave, after four recrystallisations from ethyl acetate—alcohol, d-dihydrocarvylamine 
formate (15-3 g.), having m. p. 145°, [«]p + 21-2° (water) (Found : C, 66-1; H, 10-8. C,,H,,0,N 
requires C, 66-3; H, 10-6%). This readily yielded the pure acetyl derivative noted above. 

Benzoyl-d-dihydrocarvylamine crystallised from alcohol in long, transparent needles, m. p. 
182°, [a]p + 48-3° (chloroform) (Found: C, 79-1; H, 9-1. C,,H,,ON requires C, 79-3; H, 
9:0%). Salicylidene-d-dihydrocarvylamine, m, p. 58°, forms lemon-yellow needles from alcohol ; 
these become orange in sunlight, and revert to the original colour in diffused light. The sub- 
stance displays anomalous rotatory dispersion, as illustrated by the following values, determined 
in chloroform solution at 17°: [a]g + 8-6°, [a]p + 6-0°, [a]5¢6: + 17°, [a]p —17:1°. d@-Di- 
hydrocarvylamine, liberated from the formate having [«]p + 21-2° (water), is a colourless liquid 
with a strong smell, which, however, is less unpleasant than that of d-carvomenthylamine; it 
absorbs carbon dioxide readily from the air. Constants: b. p. 111°/35 mm., nj 1-4781, 
dS 0-8775, [Rz]p 49-21 (calc. for CygH, N, 49-13), aly” + 14-4°, [a] + 16-4° (c 5-8, chloroform), 

When hydrogenated in methyl alcohol with a palladium hydroxide—calcium carbonate 
catalyst under a pressure of 4 atmospheres, benzoyl-d-dihydrocarvylamine gave an almost 
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quantitative yield of benzoyl-d-carvomenthylamine, m. p. 160—161°; this product suffered no 
depression of melting point when mixed with an authentic specimen of benzoyl-d-carvomenthyl- 
amine. 

Aldehydes of High Molecular Weight.—These substituted aldehydes were made by mixing a 
simple hydroxy-aldehyde with an appropriate acid chloride in dry pyridine. After 24 hours 
the mixture was treated with dilute hydrochloric acid and extracted with chloroform; the 
extract was washed successively with dilute hydrochloric acid, water, sodium hydroxide solution, 
and water, and then dried. d-Camphor-10-sulphonylsalicylaldehyde (J., 1909, 337) was obtained 
in 88% yield; when crystallised from rectified spirit it had m. p. 125°, [«]}}” + 43-1° (chloro- 
form). d-Camphor-10-sulphonyl-m-hydroxybenzaldehyde had m. p. 67° (Found: C, 60-4; H, 
6-0. .C,,H_0,S requires C, 60-7; H, 60%). d-Camphor-10-sulphonylvanillin had m. p. 128°, 
[a}i’ + 35-8° (Found : C, 59-0; H, 6-1. C,gH,,O,S requires C, 59-0; H, 6-0%). §$-Naphthalene- 
sulphonylsalicylaldehyde, m. p. 74—75°, and 8-naphthalenesulphonylvanillin, m. p. 98°, were 
also prepared. §-Naphthalenesulphonylsalicylidene-d-carvomenthylamine, when crystallised 
from acetone, had m. p. 104°, [a]j#° + 44-5° (chloroform). 
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61. Researches in the Carvone Series. Part II. Some Unsaturated 
Alcohols. 


By Robert G. JOHNSTON and JOHN READ. 


Tus paper deals mainly with new work on carveols (II) and dhatininie eols (III), all of 
which were prepared from carvone (I) : 


CMe CMe CHMe 
HcH* Sco HE 7cH(OH) H,C” \CH(OH) 
on ba H, H, 
“Ga-cme: ‘CH, H-CMe:CH, H-CMe‘CH, 
(I.) (II.) (III.) 


The number of dissimilar asymmetric carbon atoms (shown in Clarendon type) in these 
systems ranges from one to three. In conducting stereochemical studies in this group, we 
have sought in general to start with the simpler systems, and to introduce only one new 
asymmetric centre at a time : in such cases, a pure optically active compound gives rise to 
only two new substances. Separation has then been effected sometimes by fractionally 
crystallising the 3 : 5-dinitrobenzoates or the p-nitrobenzoates, and sometimes by taking 
advantage of the different rates of reaction of the corresponding acid chlorides with the 
stereoisomeric alcohols. These esters crystallise well, and are eminently suitable for the 
purpose in view. 

Two pairs of optically active carveols should exist, but hitherto no pure optically active 
carveol has been isolated (cf. Genvresse, Compt. rend., 1901, 132, 414; Blumann and 
Zeitschel, Ber., 1914, 47, 2673). The most important work on the preparation of these 
substances is that of Ponndorf (Z. angew. Chem., 1926, 39, 138), who obtained an optically 
active specimen of carveol by the reducing action of aluminium isopropoxide on d-carvone 
dissolved in dry isopropyl alcohol. This reaction affords a valuable method of reducing 
unsaturated ketones to the corresponding unsaturated secondary alcohols, and has been 
used repeatedly in the present researches. We show below that the crude product obtained 
from d-carvone, and having «}* from + 100-9° to + 108-2°, is separable by means of the 
R 
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3 : 5-dinitrobenzoate into two stereoisomerides, d-trans-carveol and d-cis-carveol, having 
[a]? + 213-1° and + 23-9°, respectively; the first of these is liquid, the second solid, at 
the ordinary temperature. The liquid alcohol, because of its lower density and refractive 
index (see table below), would appear, in accordance with the Auwers-Skita rule (cf. Ber., 


1926, 59, 2299), to possess the trans-configuration (IV) : 

















H——!2—_OH HO——_?2—_H 
3 3 
Pr8A 1H Pr8A ‘__H 
(IV.) d(or J)-trans-Carveol. (V.) d(or /)-cis-Carveol. 


About 47% of the product of the Ponndorf reduction of d-carvone consisted of the 
second of these alcohols. The 3: 5-dinitrobenzoates show a marked divergence in 
physical properties (see table below) ; the cis-dinitrobenzoate is the more soluble, and, in 
general, the derivatives of the first alcohol are less soluble and have higher melting points 
than those of the second. 

The relative reaction-velocities of the two alcohols also appear to support the above 
configurations. The solid alcohol reacts more slowly than its liquid stereoisomeride with 
p-nitrobenzoyl chloride : it appears permissible to ascribe this result, at least in part, to 
the more exposed position of the hydroxyl group in the ¢vans-configuration (IV). When 
a mixture of the two alcohols, dissolved in pyridine, is presented with an insufficient amount 
of p-nitrobenzoy! chloride, the influences determining the distribution of this reagent are 
mass action and the preference of the acid chloride for one of the alcohols. This preference 
is expressed in an enhanced reaction-velocity. If the reaction-velocities are represented 
by % and ke, the effect of the continually changing active masses of the three reactants is 
recognised in the following equation, in which ¢rans- and cis-carveol are indicated by ¢ and c, 
respectively: :/ke = [log (weight of ¢ used) — log (weight of ¢ left)]/[log (weight of c used) — 
log (weight of c left)]. The mean value of k;/ke was 1-57. /-Carvone, from oil of spearmint, 
furnished the antimeric forms of the above carveols; the two d/-carveols were also prepared. 

The configurations of the carveols are particularly important because of their bearing 
upon those of the more fully hydrogenated alcohols. Since the A®-double bond in carvone 
is reduced by sodium and alcohol in the formation of dihydrocarveols, it seemed possible 
that a similar reduction of each homogeneous carveol (II) would yield two dihydrocarveols 
(III). No reduction occurred, however ; so that reduction in the case of carvone seems to 
depend upon the conjugation with the keto-group, which is lacking in carveol. The 
attempted partial hydrogénation of carveols to carvotanacetols gave indefinite results. 
By complete hydrogenation, each optically active carveol yielded a mixture of two optically 
active carvomenthols, a result which affords a configurational bridge between carveols and 
carvomenthols. 

Although dihydrocarveols could not be prepared directly from carveols, two stereo- 
chemically homogeneous members of this family have been isolated and characterised : 
d-dihydrocarveol, «i® -+- 31-5°, by reducing d-carvone with sodium and alcohol; and 
l-neodihydrocarveol, aj" — 33-2°, by reducing a purified /-dihydrocarvone (also obtained 
from d-carvone) with Ponndorf’s reagent. The second of these was isolated by taking 
advantage of its relatively slow rate of reaction with 3 : 5-dinitrobenzoyl chloride. d-Di- 
hydrocarveol appears to be identical with the alcohol isolated from the same mixture of 

four stereoisomerides by Tschugaeff (Ber., 1902, 35, 2479), by means of the laborious 
xanthogenamide process. The nomenclature of these two alcohols is derived from their 
ready and exclusive hydrogenation to d-carvomenthol and /-neocarvomenthol, respectively ; 
theoretically, d-carvone should give rise to two other optically active dihydrocarveols, but 
these have not yet been isolated. d-trans-Carveol and /-neodihydrocarveol both yield 
l-neocarvomenthol upon hydrogenation, and similarly d-cis-carveol and d-dihydrocarveol 
give rise to d-carvomenthol. Each of the carveols also yields, of course, a second carvo- 
menthol in this process. These interesting configurational relationships will be discussed 
more fully in a later paper dealing with the carvomenthols. Some of the properties of the 
optically active unsaturated alcohols under discussion are summarised below : 
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3 : 5-Dinitrobenzoate. 
7= 


n”. a”. ap (I-dem.). °©M.p. — [alp, CHCl. 
d-trans-Carveol 1-4942/25° ——-0-9484/25° 4202° 1115° +232° 
d-cis-Carveol (m. p. 24—25°) —_1-4959/25 0-9521 /25 + 22-8 92:5 Re 
1-neoDihydrocarveol 1°4812/14 — 33-2 138°5 , 





d-Dihydrocarveol 1°4784/16 0°9223 /16 + 315 122 


EXPERIMENTAL. 


Carveols. 


d-Carvone (100 g., [a]p + 62-4°), from caraway oil, was reduced in dry isopropyl alcohol 
(300 ¢.c.) with aluminium isopropoxide (40 g.), in an oil-bath at about 110°, so that 250 c.c. of a 
mixture of isopropyl alcohol and acetone distilled from the reaction vessel in 8 hours. The crude 
carveol (94—96 g., «ji + 96-0—101-2°) was extracted in the usual way and purified from 
unchanged carvone by treatment with hot sodium sulphite solution, as recommended by Ponn- 
dorf (Z. angew. Chem., 1926, 39, 138). Complications ensue if sodium bisulphite is used: in a 
typical instance, part of the product consisted of a hydrocarbon fraction (b. p. 177—178°, 
ni" 1-4958, ap — 12-0°),* which appeared to contain p-cymene and a terpene. The purified 
carveol (77—79 g.) had aié* +. 100-9° to + 108-2°, b. p. 98—104°/12 mm, to 110—114°/16 mm., 
Mp 1-4984/16° to 1-4970/19°. 

The carveol (180 g.) was then treated in pyridine solution with 3 : 5-dinitrobenzoyl chloride, 
and after 12 hours the mixture of carveyl 3: 5-dinitrobenzoates was isolated and washed in 
chloroform solution with the usual agents. The chloroform extract was then steam-distilled ; 
the residual ester (387 g.), which crystallised upon cooling, had [a]p + 102-8° (chloroform, 
c 2-0). It was recrystallised 7 times from a mixture (1300—800 c.c.) of absolute alcohol (3 parts) 
and ethyl acetate (1 part). The final fraction (101 g.) of pure d-trans-carveyl 3 : 5-dinitrobenzoate 
consisted of short, pale brown prisms, m. p. 111-5°, [a]}*° + 232-0° (chloroform, c 2-0) (Found : 
C, 59-3; H, 5-4. C,,H,,0,N, requires C, 58-9; H, 5-2%). The solvent was distilled from the 
mother-liquors and used again. When systematically recrystallised, the material from the last 
four mother-liquors yielded a further quantity (26 g.) of the above ester; while that from the 
first three mother-liquors gave d-cis-carveyl 3 : 5-dinitrobenzoate (31-5 g.), m. p. 92-5°, [a]p 
— 43-8°, 

d-trans-Carveol.—d-trans-Carveyl 3 : 5-dinitrobenzoate (100 g.) was heated under reflux for 
20 minutes with 5% methyl-2icoholic potassium hydroxide (460 c.c., 1-2 mols.). The mixture 
was steam-distilled, the receiver being changed when the drops became turbid. The 3: 5-di- 
nitrobenzoic acid was recovered; this cannot be done when ethyl-alcoholic alkali is used, owing 
to the formation of azoxy-acids (cf. Shukoff, Ber., 1895, 28, 1800). d-trans-Carveo/ had b. p. 
102-2—102-4°/10 mm.; mnj§° 1-4964, n° 1-4942; d% 0-9484; [Rz]p 46-70 (calc. for carveol, 
46-73); ap + 202-1°, [a]#° + 213-1°. The substance is a somewhat viscid liquid, with a 
disagreeable odour somewhat reminiscent of naphthalene (Found : C, 78-9; H, 10-6. C,H,,O 
requires C, 78-9; H, 10-6%). The p-nitrobenzoate had m., p. 77°, [a]p + 264-4° (chloroform, 
c 2-0); the o-nitrobenzoate was a syrup, [a] + 110° (chloroform, c 2-0); the acetate had b. p. 
106—106-5°/9 mm., nji* 1-4770, «jf + 177-5°. When treated in pyridine solution with 
d-camphor-10-sulphonyl chloride, d-tvans-carveol underwent dehydration,. forming apparently 
a mixture of a terpene and p-cymene. 

d-cis-Carveol.—Upon hydrolysing d-cis-carveyl 3: 5-dinitrobenzoate with 5% methyl- 
alcoholic potassium hydroxide, this alcohol was obtained as a viscid liquid which crystallised 
after a few days. The broad, flat needles resembled those of d/-menthol. When melted and 
allowed to cool, the substance readily resolidified, in spite of its low melting point. The odour 
was pleasant, relative to that of d-tvans-carveol, and recalled that of d-carvone and especially 
d-dihydrocarveol. Physical constants : m. p. 24—25°, b. p. 101-2—101-4°/10 mm. ; n\*° 1-4980, 
ne” 1-4959; dz 0-9521; [Rz]p 46-66 (calc. 46-73); af” + 22-8°, [aJ#” + 23-9° (Found: C, 
78-6; H, 10-5. C,9H,,O requires C, 78-9; H, 10-6%). The 3: 5-dinitrobenzoate forms long, 
slender, yellow needles, m. p. 92-5°, [a]p — 43-8° (chloroform, c 2-0) (Found: C, 59-2; H, 5-3. | 
C,,H,,0,N, requires C, 58-9; H, 5-2%). The p-nitrobenzoate had m. p. 26-5—28°, [a], —57-4° 
(chloroform, ¢ 2-0). The acetate had b. p. 108—108-5°/10 mm., n}}" 1-4779, aj} + 46-4°. 

Comparative Reaction Velocities of d-trans- and d-cis-Carveol with p-Nitrobenzoyl Chloride.— 
A mixture of these two alcohols (8-1 g.) having ap + 70-74° was dissolved in three times its 
volume of pyridine, and ~-nitrobenzoyl chloride (5-0 g.) was added gradually with mechanical 


* All the values of a recorded in this paper are for a 1-dem. tube. 
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stirring. The temperature ranged from 15° to 30° during the reaction. The recovered alcohol 
had ap + 61-40°; the crude well-washed ester (6-95 g.) had [a]p + 48-5° (chloroform, c 2-0). 
The value k,/k,, calculated from the rotatory power of the unchanged alcohol, is 1-56; calculated 
from the rotatory power of the crude p-nitrobenzoate, it is 1-58: the mean value is thus 1-57. 

1-Carveols.—l-Carvone (120 g., [a]j}* — 62-4°), from oil of spearmint, was reduced with 
aluminium isopropoxide over a period of 11 hours, according to the method already described. 
The crude carveol—carvone mixture (114 g., «» — 111°) was converted into 3 : 5-dinitrobenzoate 
(208 g.) without being first treated with sodium sulphite solution. The crude ester, when 
fractionally crystallised from the usual mixture of absolute alcohol and ethyl acetate, yielded 
l-trans-carveyl 3 : 5-dinitrobenzoate, m. p. 111—111-5°, [«]p — 230-7° (chloroform, ¢ 2-0) (78 g.) 
and /-cis-carveyl 3 : 5-dinitrobenzoate, m. p. 92—92-5°, [a]p + 44-2° (25 g.). In the earlier 
crystallisations of the /- or d-cis-ester, needles formed in the cold solution; these were collected, 
without unduly disturbing the mother-liquor, as soon as a material of amorphous appearance 
(and opposite rotatory power) began to separate. Sometimes the order of separation was reversed. 
Free /-tvans- and /-cis-carveol possessed physical properties identical with those recorded above 
for the d-forms, except for the sense of the optical rotation. The cis-alcohol was readily obtained 
crystalline, m. p. 24—25°. The odour of /-ivans-carveol was of the same type as that of d-irans- 
carveol, with an added suggestion of caraway; that of /-cis-carveol, unlike that of the enantio- 
meride, resembled d-carvone more than d-dihydrocarveol. The odours of the /-forms were 
feebler than those of the d-forms. 

dl-Carveols.—1. Equal weights (31 g.) of d- and /-ivans-carveyl 3 : 5-dinitrobenzoate were 
mixed in hot alcohol-ethyl acetate solution; on cooling, yellowish-brown needles of dl-ivans- 
carveyl 3 : 5-dinitrobenzoate separated, m. p. 119°. Upon hydrolysis, this ester yielded di-irans- 
carveol, b. p. 108°/16 mm., di 0-9510, nif" 1-4956, [Rz]p 46-72 (calc., 46-73). It was distinctly 
more viscid than the optically active forms; at — 15° it had about the consistency of ordinary 
glycerol at room temperature, whereas the active forms remained fairly limpid at — 15°. At 
— 25° dl-irans-carveol will scarcely flow. dl-trans-Carveyl p-nitrobenzoate crystallised from 
alcohol in thin and almost rectangular plates, m. p. 101°. 

2. When a mixture of equal weights (11 g.) of d- and /-cis-carveyl 3 : 5-dinitrobenzoate was 
crystallised from hot alcohol-ethy] acetate solution, the needles of the optically active esters were 
replaced by elongated six-sided plates of d/-cis-carveyl 3 : 5-dinitrobenzoate, m. p. 91-5°. The 
derived di-cis-carveol was a liquid, with b. p. 108°/16 mm., xj} 1-4972; when immersed in a 
freezing-mixture, it behaved in the same way as dl-irans-carveol, and, unlike its components, did 
not crystallise. dl-cis-Carveyl p-nitrobenzoate crystallised from alcohol in thin and almost 
rectangular plates, m. p. 94°; it is noteworthy that the melting point of this ester is higher than 
that of the corresponding 3 : 5-dinitrobenzoate. 

Reduction of Carveols.—1. d-trans-Carveol was practically unaffected when treated with 
sodium in dry ethyl alcohol at the boiling point. 

2. d-trans-Carveol (8-0 g.) was hydrogenated in presence of a palladium catalyst, as used by 
Hughesdon, Smith, and Read (J., 1923, 123, 2916), until 1 mol. of hydrogen had been absorbed 
(6 mins.). The product, which contained some terpene, yielded a 3 : 5-dinitrobenzoate (7-6 g.). 
After three recrystallisations this ester furnished a small quantity of an apparently impure 
carvotanacetyl 3 : 5-dinitrobenzoate, m. p. 109—110°, [«]p + 177-5° (chloroform, c 2-0) (Found : 
C, 59-0; H, 5-8%). 

3. By complete hydrogenation under suitable conditions, d-irans-carveol was used as a source 
of two new carvomenthols with ajf’ — 36-42° and + 57-56°, respectively; two other carvo- 
menthols were derived similarly from d-cis-carveol : these were also prepared in other ways, and 
will be described in a later paper, together with some d/-carvomenthols. 


Dihydrocarveols, 


d-Dihydrocarveol.—d-Carvone, having [a]}*° + 62-4°, from oil of caraway, when reduced 
with sodium and dry alcohol (Wallach, Annalen, 1893, 275, 111), yielded a product which 
distilled mainly at 103—106°/11 mm. This fraction (82-5%) had d!* 0-9250, ni® 1-4826, 
aie + 26-73°, [aif + 28-9°; it gave syrupy esters with d-camphor-10-sulphc ic, /-menthoxy- 
acetic, p-nitrobenzoic, and phthalic acids. The crude 3: 5-dinitrobenzoate (204 g.) was crystal- 
line, and had [a]p ++ 45-2° (chloroform, c 2-0). Like the related 3 : 5-dinitrobenzoates, it was 
much more soluble in ethyl acetate than in rectified spirit, and it was fractionally crystallised 
from a mixture of these solvents. After 5 recrystallisations, pure d-dihydrocarveyl 3 : 5-dinitro- 
benzoate (94-2 g.) was obtained : m. p. 121-5—122°, [a]p + 55-2° (chloroform) (Found : C, 58-9; 
H, 5-8. C,,H»O,N, requires C, 58-6; H, 5-8%). The more soluble fractions had [«], as low 
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as + 24-9°. The ester of [a]p ++ 55-2°, when hydrolysed in the usual way, gave d-dihydro- 
carveol, having b. p. 106-8—107-2°/15 mm., di 0-9223, nj®° 1-4784, [Rz]p 47-30 (calc., 47-24), 
aj® + 31-5°, [a]}}” + 34-20. d-Dihydrocarveol is a viscous liquid which does not solidify even 
at — 25°. The odour is pleasant, sweetish, and reminiscent of d-cis-carveol and d-carvomenthol. 
The substance is not reduced by sodium and alcohol, but it readily yields d-carvomenthol when 
hydrogenated. The p-nitrobenzoate crystallises from alcohol in large, irregular plates, m. p. 
37°, [a]p + 52-5° (chloroform, c 2-0). 

1-neo-Dihydrocayveol.—d-Carvone, [«]};” + 62-4° (60 g.), was reduced to dihydrocarvone with 
zinc dust and alcoholic potassium hydroxide (Wallach, Annalen, 1894, 280, 377). The steam- 
distilled product (40 g.), which was not purified through the bisulphite compound, had njj* 
1-4702, a}j’ — 14:47°. After treatment with sodium ethoxide in absolute alcohol, part of the 
material had nj;" 1-4722, aj” — 13-60°. This crude dihydrocarvone (150 g.) reacted in cold 
aqueous-alcoholic solutions with semicarbazide acetate to yield a crystalline semicarbazone 
(158 g.), with m. p. 177—186°, [a]p + 26-8° (chloroform, c 2-0); an oily product was formed also. 
Two recrystallisations from methyl] alcohol yielded large, transparent prisms (77 g.) with m. p. 
189—190°, [a]p + 31-0°. When steam-distilled with phthalic acid (80 g.) in aqueous solution, 
this semicarbazone gave a ketone (43 g.) with b. p. 96—96-5°/16 mm., mj" 1-4711, aj§’ — 16-94°. 
These values differ little from those of the crude ketone. 

Purified /-dihydrocarvone (40 g., «j%° — 16-94°) was reduced with aluminium isopropoxide 
(20 g.) in dry isopropyl alcohol (200 c.c.); the reduction was complete in 6—7 hours. The dis- 
tilled product (37-7 g.) had b. p. 93—97°/10 mm., nj§" 1-4795, aj®” — 7-66°. A cooled and 
stirred solution in pyridine (80 c.c.) of this mixture of dihydrocarveols was treated gradually 
with half the calculated amount of 3 : 5-dinitrobenzoyl chloride (28-2 g.). The crude 3: 5-di- 
nitrobenzoate (32-5 g.) showed the following successive values of [a]p (chloroform, c 2-0) when 
recrystallised from a mixture of absolute alcohol and ethyl acetate: + 34-0°, + 42-2°, + 35-7°, 
+ 36-4°, + 36-8° (7-6 g., m. p. 106—107°). The derived dihydrocarveol had b. p. 99—100°/13 
mm., ”}}” 1-4800, «}>° + 13-50°; the odour was sweetish, and resembled that of d-dihydrocarveol. 
This alcohol was not stereochemically pure, because the derived p-nitrobenzoate had m. p. 
75—77°, [a]p + 48-8° when crude, and m. p. 83—84°, [a]p + 33-0° after two recrystallisations. 

The alcohol which remained unesterified (20-5 g.) in the above treatment with 3 : 5-dinitro- 
benzoyl chloride had b. p. 96—98°/12 mm., u}*" 1-4796, al®° — 13-26°. It was completely converted 
into 3 : 5-dinitrobenzoate (45 g.). After one crystallisation from a mixture of absolute alcohol 
and ethyl acetate, the product (31-2 g.) had m. p. 106—124°, [a], + 19-0° (chloroform, c 2-0) ; 
after 5 further recrystallisations a homogeneous fraction (12-6 g.) of l-neodihydrocarveyl 3 : 5-di- 
nitrobenzoate was obtained, with m. p. 138—138-5°, [a]p + 6-8°. This substance forms long, 
slender, pale yellow needles (Found : C, 58-5; H, &7. C,H ,O,N, requires C, 58-6; H, 5-8%). 
l-neoDihydrocarveol, obtained from this ester by hydrolysis, had b. p. 101—102°/18 mm., 
ny’ 1-4812, a} — 33-22°; the odour was distinctly unpleasant, and recalled both d-trans- 
carveol and /-neocarvomenthol. That the alcohol was an individual substance was shown by 
the behaviour of the derived p-nitrobenzoate: in the crude state this had m. p. 106—107°; 
a recrystallisation from alcohol, which reduced the weight by one-third, gave leaflets, m. p. 107°, 
[«]p + 14-9° (chloroform, c 2-0); the material recovered from the mother-liquor was practically 
identical with this. The d-camphor-10-sulphonate was obtained as a thick syrup which slowly 
crystallised (m. p. 91—93°) ; it was too suluble to permit of recrystallisation, and when heated to 
125° yielded «-phellandrene ‘and d-camphor-10-sulphonic acid. When hydrogenated, /-neo- 
dihydrocarveol yielded /-neocarvomenthol. 


Derivatives of dl-Carvenol. 


di-Carvenone prepared from /-rotatory dihydrocarvone by treatment with hot aqueous sul- 
phuric acid (Wallach, Annalen, 1895, 286, 130), distilled mainly at 229—232°, and this fraction 
had nj}” 1-4847, [«]p — 0-20°. Reduction with aluminium isopropoxide yielded a product with 
b. p. 99—102°/14 mm., nj" 1-4799. The derived 3 : 5-dinitrobenzoate had m. p. 49—59°; four 
recrystallisations from alcohol yielded a homogeneous dl-carvenyl 3 : 5-dinitrobenzoate, which 
formed small ygHow needles, m. p. 75—76° (Found : C, 58-4; H, 5-7. C,,H O,N, requires C, 58-6; 
H, 5-8%). Theyp-nitrobenzoate, after purification by five recrystallisations from alcohol, formed 
large, thin leaflets, m. p. 65° (Found : C, 67-4; H, 6-8. C,,H,,O,N requires C, 67-3; H, 7-0%). 
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62. The Catalytic Hydrogenation of Diosphenol. 
By JAMES WALKER and JOHN READ. 


DIOSPHENOL exists in three tautomeric forms: (I) has been shown by the work of Semmler 
and McKenzie (Ber., 1906, 39, 1158) to correspond to the familiar solid crystalline diosphenol 
having m. p. 83°; and Wallach (Amnalen, 1919, 418, 36; 1924, 437, 148) has obtained 
evidence suggesting the independent existence of the other two forms. (II and III). 

It would appear probable that suitably arranged catalytic hydrogenation of (I) would 
yield either 2-hydroxymenthone (IV) or /-menthan-2: 3-diol. The first catalytic hydro- 
genation of diosphenol (I), carried out by Cusmano and Boccucci (Gazzetta, 1923, 53, 649) 
with a platinum-black catalyst, gave a mixture of stereoisomeric forms of a keto-alcohol 
with a small quantity of a crystalline solid which they considered to be the derived diol, 
p-menthan-2 : 3-diol. The keto-alcohol was shown to possess the constitution (V) of 3- 
hydroxycarvomenthone, since it was converted through the corresponding bromo-ketone 
into carvomenthone (VI), which was characterised as the oxime. To explain the production 
of (V) these authors suggested that the equilibrium between the three forms of diosphenol 
is a labile one, and that the form (III) is hydrogenated with the greatest ease, with the 
production of (V), the ethylenic linkage only being reduced. In the present investigation, 
colloidal palladium was used as the catalyst, and easy access was gained to a keto-alcohol, 
termed dihydrodiosphenol, which could possess either of the constitutions (IV) and (V). 


CMe CHMe CHMe 
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H,C’ ScH H, O H,C/ \co 
H,C Xo H,C\ CH H.C. CH, 
CHPré CPré CHPré 
Piperitone. Carvenone. Carvomenthone. 
(VIE.) (VIIL.) (VI.) 
Now it might be anticipated that sulphonic esters of a keto-alcohol of the constitution 
(IV) might decompose on pyrolysis with the production of piperitone (VII), while those 
of (V) would yield carvenone (VIII). When, however, the d-camphor-10-sulphonate of 
the present keto-alcohol was dry-distilled, the product had the physical properties neither 
of piperitone or carvenone nor of a mixture of the two: 
Piperitone. Carvenone. Product. 
1:4845 (20°) 1-48245 (20°) 1-4729 (25°) 
1:4825 (25°) 
D..Bhi cocanansvnssmatassonunetabete 110°/15 mm. 108°/12 mm. 90—97°/10 mm. 
The product was characterised as the oxime, an ethereal solution of which was washed 
with dilute sulphuric acid in order to remove any piperitone oxime (Read, Smith, 
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and Bentivoglio, J., 1922, 121, 582) and any carvenone oxime (Wallach, Amnalen, 1893, 
277, 125). From the acid washings, only 17-6% of the total oximation product was re- 
covered, and this was shown to be essentially di/-piperitone «-oxime by comparison with 
an authentic specimen. The ethereal solution yielded the remainder of the oximation 
product, which was shown to be identical with the oxime of d/-A*-menthenone-3 (IX) ; 
this oxime (nitrosomenthene) was synthesised from d/-A’-menthene through the nitroso- 
chloride (cf. Richtmann and Kremers, Amer. Chem. J., 1896, 18, 765) for purposes of 
comparison. Furthermore, the physical properties of d/-A*-menthenone-3 (IX) (n}” 1°4733, 
b. p. 95—97°/12 mm.) agree well with those of the pyrolysis product, of which it formed 
over 80%. Since the virtual dehydration of dihydrodiosphenol has led to the exclusive 
production of unsaturated ketones having the keto-group in the 3-position, it follows that 
the dihydrodiosphenol itself must have possessed the constitution (IV). 

A keto-alcohol having the constitution (IV) now advanced for dihydrodiosphenol has 
apparently been prepared previously by Kétz, Blendermann, Rosenbusch, and Sirringhaus 
(Annalen, 1913, 400, 71), by the chlorination of 1-methyl-4-isopropyleyclohexan-3-one-4- 
carboxylic ester, followed by hydrolysis of the product and elimination of carbon dioxide. 
These authors record only the b. p. of their keto-alcohol, which is somewhat higher than 
that observed for dihydrodiosphenol (IV). Furthermore, it was not found possible to 
dehydrate this keto-alcohol (K6tz, Blendermann, Mahnert, and Rosenbusch, ibid., p. 76) 
to the expected menthenone (VII) (piperitone). Again, Semmler and McKenzie (loc. 
cit.) have obtained a keto-alcohol from #-menthan-2 : 3-diol (formed when diosphenol is 
reduced with sodium and alcohol), by partial oxidation, and this could have either of the 
constitutions (IV) and (V). The physical properties of the various keto-alcohols (IV) and 
(V) which have been described are given in the following table : 


B. p. Np. d. M. p. semicarb. 
225° 
i a 180—181 


139/17 mm. — 
105—115/13 mm. 1-4616 0-968 (20°) 200 


108—115/12 mm. 1°4648 (25°) 0°9915 (25°) 210—211 
a, C. and B. (/oc. cit.); b, K., B., R., and S. (loc. cit.); c, S. and McK. (loc. cit.); d, present writers. 


In order to establish still further that dihydrodiosphenol is 2-hydroxymenthone (IV), an 
attempt was made to hydrogenate the #-toluenesulphonate of diosphenol, but this did 
not succeed under the conditions employed. An attempt to reduce the keto-group in p- 
toluenesulphonyldihydrodiosphenol also failed. It was felt that a more convenient route 
to 2-hydroxymenthone (IV) (dihydrodiosphenol) would be by the reduction of piperitone 
oxide catalytically. The beautifully crystalline product was, however, distinct from 
dihydrodiosphenol; it had the formula C,9H,,0,, and may be l-hydroxymenthone. A 
crystalline substance obtained similarly from d/-carvenone oxide was probably 4-hydroxy- 
carvomenthone. 

The work now described affords the first passage from menthone to piperitone (the 
diosphenol used being prepared entirely from menthone) ; opens a new route from menthone 
to A*-menthenone-3; and discloses the important fact that diosphenol may be used as 
a “‘ turn-table ’” between the menthone and the carvomenthone series. Since diosphenol 
is a natural product, the last fact may have an interesting biological significance (cf. 
Chemical Reviews, 1930, 7, 42). It seems possible that a species producing diosphenol 
could lead to other species producing either carvomenthone or menthone, or their respective 
congeners. Thus, in the genus Pycnanthemum, it has been shown that while P. incanum 
and P. lanceolatum are almost morphologically identical—and therefore presumably 
descended from a common near ancestor—the essential oils of the two species differ pro- 
foundly. The oil of the former contains 90% of pulegone; that of the latter has only 
a trace of pulegone, and consists mainly of carvacrol (Miller, Thesis, Minnesota, 1918; 
cf. Gortner, ‘‘ Outlines of Biochemistry,’”’ New York, 1929, 670—1). The results of the 
present work point to the possible descent of these two species from a common ancestral 
species which produced diosphenol. 
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The authors are grateful to Mr. R. E. Lishmund, B.Sc., Department of Natural Phil- 
osophy, United College, University of St. Andrews, for measuring the ultra-violet absorp- 
tion spectra of some of the ketones to which reference has been made above. The following 
table gives the positions of the heads of the absorption bands and the molecular extinction 


























coefficients : 

Max. Mol. ext. coeff. Max. Mol. ext. coeff. 
Diosphenol ............... 2715 A. ‘11,000 Carvomenthone......... 2845 A. 22-2 
Dihydrodiosphenol ... 2745 128°25 Piperitone .........cc.00- 3180 49°5 
PO eee 2870 23°8 CEPVOER | asi ck kcisececic 3119 49 








The most notable feature is the five-fold increase in the intensity of the absorption of 
menthone occasioned by the introduction of the hydroxyl group in dihydrodiosphenol. 
Also, while menthone possesses greater general absorption in the extreme ultra-violet 
than carvomenthone, the reverse is the case with piperitone and carvenone. The very 
intense absorption of diosphenol is, of course, due to its being an enolised ketone. 












EXPERIMENTAL. 


Catalytic Hydrogenation of Diosphenol to Dihydrodiosphenol_—The diosphenol used was 
prepared by the method of Asahina and Mituhori (J. Pharm. Soc. Japan, 1922, 255) by the 
oxidation of menthone with ferric chloride in 50% acetic acid solution. The yields of diosphenol 
obtained were small (12—13%), and a considerable amount of the menthone was recovered 
(26—27%); the deficit represents the proportion of a black tarry by-product. The diosphenol 
was purified by distillation in a vacuum, followed by crystallisation from absolute alcohol. 
Colourless needles, m. p. 82°. 

Pure crystalline diosphenol (39-4 g.) was mixed with a quantity of ether insufficient for 
complete solution and shaken in hydrogen at approx. 3 atm. with a solution of gum arabic 
(0-5 g.) and palladium chloride (0-3 g.) in water (220 c.c.). The theoretical amount of hydrogen 
was absorbed in a few hours. The product was removed in steam and the steam distillate was 
extracted with ether. The extract was washed twice with dilute sodium hydroxide solution 
(ca. 2N) to remove any unchanged diosphenol, and was then dried over anhydrous sodium 
sulphate and fractionated. The crude product (39 g.) was further distilled in a vacuum: a 
colourless limpid oil (35-5 g.) was obtained, b. p. 108—115°/12 mm., nj}* 1-4668, n>" 1-4648, 
d= 0-9915. Hence, [R;]p =47-34 (calc., 47-7). The p-toluenesulphony] derivative was analysed. 

Dihydrodiosphenol Semicarbazone.—Dihydrodiosphenol (3-25 g.) was allowed to react with 
a slight excess of semicarbazide hydrochloride (2-4 g.) and sodium acetate crystals (3 g.) in 
aqueous alcohol (ca. 35 c.c.) for 6 days; the crystalline separation (2-6 g.) was then filtered off 
and washed well with rectified spirit. The mother-liquors and washings were added to water 
and extracted with chloroform; when dried and fractionated, this extract yielded a stiff syrup 
(2-17 g.), which partly crystallised when kept. The solid (2-6 g.), when crystallised from rectified 
spirit, had m. p. 210—211° (decomp.), and this was unaltered by further recrystallisation. 

p-Toluenesulphonyldihydrodiosphenol.—A solution of dihydrodiosphenol (11 g.) and a slight 
excess of p-toluenesulphonyl chloride (12-6 g.) in dry pyridine (50 c.c.) was after a few days 
poured into water and steam-distilled to remove unesterified oil and pyridine. A dried ethereal 
extract of the residue, when fractionated, yielded a colourless syrup (18-5 g.), which partly 
crystallised. Recrystallisation from rectified spirit furnished colourless crystals (8-6 g.), m. p. 
106—107° (Found: C, 63-2; H, 7-5. C,,H,,0,S requires C, 62-9; H, 7-4%). The mother- 
liquors furnished a non-crystallising and very viscid syrup. The ester was sparingly soluble 
in alcohol and in ethyl acetate, from which solvents it could be obtained in a beautifully crystal- 
line condition. 

d-Camphor-10-sulphonyldihydrodiosphenol, prepared from dihydrodiosphenol (10 g.) and 
d-camphor-10-sulphonyl chloride (17-2 g.) precisely as described above in the case of the 
p-toluenesulphonyl! derivative, was a non-crystallising viscous syrup (20-5 g.), [«]}f + 22-1° 
(¢ 1-75, chloroform). 

Thermal Decomposition of d-Camphor-10-sulphonyldihydrodiosphenol.—The above derivative 
(19 g.) decomposed in a vacuum at about 150° (bath-temperature), giving a colourless turbid 
distillate; this was dissolved in ether, washed with water, and dried. The brown acidic still- 
residue was submitted to an ether—water separation and the ether extract was dried. The 
two ethereal extracts furnished respectively 5-43 and 2:1 g. of oil. When these were united 
and distilled in a vacuum, 5-8 g. of a clear, colourless, mobile oil with a distinctive odour passed 
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over at 90—97°/10 mm., and had nj 1-4729. This product (5-7 g.) was oximated by the method 
of Read, Smith, and Bentivoglio (J., 1922, 121, 586). An ethereal solution of the oily product 
was washed twice with dilute sulphuric acid, once with water, and then dried over sodium 
sulphate. The sulphuric acid washings were carefully neutralised with sodium hydroxide 
solution and a crystalline precipitate (0-50 g.) was obtained. The filtrate from this material 
yielded a viscous syrup (0-59 g.) on extraction with ether. The solid obtained from the acid 
washings was recrystallised from absolute alcohol and then from light petroleum, after filtration. 
Crystals were obtained having the appearance of those of d/-piperitone a-oxime, m. p. 115— 
116°; mixed m. p. with an authentic sample (m. p. 112—113°) was 112—114°. A second 
fraction was obtained which also did not depress the m. p. of an authentic sample of d/-piperitone 
a-oxime., 

The above ethereal extract, when separated from the dilute sulphuric acid, dried, and 
fractionally distilled, furnished a colourless viscid syrup (5-11 g.), which crystallised rapidly 
and completely. This product was readily soluble in all the common solvents; crystallisation 
from aqueous alcohol gave felted tufts of needles, m. p. 64—65°; light petroleum gave better- 
developed crystals, m. p. 65-5—66-5° (Found: C, 71-6; H, 9-8. Calc. for C,H,,ON: 
C, 71:9; H, 10-1%). The substance was also volatile insteam. The benzoyl derivative was an 
oil. The above oxime corresponds closely to the description of the oxime of d/-A*-menthenone-3 
in the literature, and this oxime was now synthesised by the method of Richtmann and Kremers 
(Amer. Chem. J., 1896, 18, 765) for purposes of comparison. 

dl-A*-Menthene was prepared by Robertson’s method (Read and Reid, J., 1928, 1492; cf. 
Milobedzki and Kolitowska, Rocz. Chem., 1926, 6, 67) by the action of phosphorus trichloride 
on di-menthol. After two fractionations in a vacuum the hydrocarbon was refluxed for 3 
hours with sodium and then distilled from the metal; b. p. 60-5°/12 mm., n}}/* 1-4525. By the 
method of Richtmann and Kremers (loc. cit.), dl-A*-menthene nitrosochloride was isolated as a 
fine white crystalline powder, m. p. 118—119°. This was boiled under reflux with 10% excess 
of 10% ethyl-alcoholic potassium hydroxide for 2 hours. The product was filtered, and the 
cake (potassium chloride) washed with alcohol. The filtrate and the washings were added 
to much water, whereby an oil was precipitated which soon crystallised. The d/-A‘-menthenone- 
3 oxime was filtered off, washed with dilute alcohol (ca. 25%), and dried: m. p. 62-5—65°, 
which was not depressed (63—66°) on admixture with the oxime (m. p. 65-5—66-5°) obtained 
as described above. The solidified melts were remelted, and the following m. p.’s were observed : 
dl-A*-menthenone-3 oxime, 64-5—65-5°; mixed, 64-5—66°. 

p-Toluenesulphonyldiosphenol, prepared by the action of p-toluenesulphony! chloride on 
diosphenol in dry pyridine, was readily soluble and was obtained crystalline by deposition 
from ethyl acetate and alcohol; m. p. 76°. When the ester (1-5 g.), dissolved in methanol 
(150 c.c.), was shaken in hydrogen at 3 atm. with 10 g. of a 2% palladinised calcium carbonate 
catalyst for an hour, it was recovered unchanged. 

Attempted Catalytic Reduction of p-Toluenesulphonyldihydrodiosphenol to 2-p-Toluenesul- 
phonyloxymenthol-3.—Owing to the sparing solubility of p-toluenesulphonyldihydrodiosphenol 
in absolute alcohol, a mixture of absolute alcohol (145 c.c.), ethyl acetate (15 c.c.), and ether 
(70 c.c.) was used to dissolve the ester (6-7 g.). The solution was shaken in hydrogen at 3 atm. 
with an active Adams’s platinum oxide catalyst for 2-5 hours, but the starting material was 
recovered entirely unchanged. Reduction with sodium and alcohol removed the sulphonyl 
group, as anticipated. 

Catalytic Reduction of dl-Piperitone Oxide.—dl-Piperitone oxide was prepared by the method 
of K6tz and Hoffmann (J. pr. Chem., 1925, 110, 121), 4N-alkali (cf. Weitz and Scheffer, Ber., 
1921, 54, 2336) being used instead of N/4. The oxide (13-9 g.) was dissolved in methanol 
(200 c.c.) and shaken in hydrogen at 3 atm. with a 2% palladinised calcium carbonate catalyst 
(15 g.). When the pressure no longer fell, the product (13-1 g.) was isolated; it crystallised 
partly on standing. The above treatment was repeated with fresh catalyst (12 g.). The total 
absorption of hydrogen exceeded 2 atoms per molecule but was less than 4. When the final 
crude product (12-7g.) was fractionated in a vacuum, two fractions were obtained: (a) amenthone- 
smelling colourless oil (5-2 g.), b. p. to 125°/i4 mm., jj" 1-4570; (6) a colourless viscous oil 
(7-1 g.), b. p. mainly 137—139-5°/14 mm., nj* 1-4695. This fraction, which was odourless, 
crystallised spontaneously with evolution of heat. After being pressed on a porous tile, the 
substance separated from light petroleum (b. p. 60—80°) in well-developed crystals, m. p. 
88-5—90-5°, softening from 86-5°; this m. p. was unaltered after repeated crystallisation (Found : 
C, 70-6; H, 10-4. C,).H,,O, requires C, 70-6; H, 10-6. C,)H,.O, requires C, 69-8; H, 11-6%). 

Catalytic Reduction of dl-Carvenone Oxide.—dl-Carvenone, from dihydrocarvone, was con- 
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verted into the oxide as in the case of piperitone. d/-Carvenone oxide, when hydrogenated 
under the conditions noted above for piperitone oxide, yielded a product which was readily 
separated into two fractions when fractionally distilled in a vacuum: (@) a carvomenthone 
fraction, b. p. to 125°/16 mm., nj$" 1-4582; (b) a colourless, rather viscid oil, b. p. 137—142°/16 
mm., #}*" 1-4710. When the second fraction was mixed with light petroleum and placed in the 
ice-chest, large well-developed prisms were deposited in a few hours. Recrystallisation from 
light petroleum furnished beautiful needles, m. p. 72-5—74°, softening from 71° (Found : 
C, 70-6; H, 10-5. C,,.H,,0O, requires C, 70-6; H, 10-6%). 


The authors express their gratitude to the Carnegie Trust for the Universities of Scotland 
for the award of a Research Scholarship to one of them (J. W.). 


THE UNIVERSITY, St. ANDREWS. [Received, December 20th, 1933.} 





63. d-A**-p-Menthadiene from d-Pulegone. 
By WiLL1AM J. GrRuBB and JOHN READ. 


CURRENT investigations in the carvone and menthone series have shown that «$-unsaturated 
alicyclic ketones are often reduced only with difficulty by the method of Ponndorf (Z. 
angew. Chem., 1926, 39, 138), and, further, that the resulting «$-unsaturated alcohols 
sometimes undergo ready dehydration, yielding terpenes. The work now described shows 
that both of these conditions hold for pulegone. No pulegol was found, the sole product 
of the reaction being a terpene: this yielded g-methyladipic acid upon oxidation, and in 
its physical and chemical properties resembled closely d-A*®-p-menthadiene (II) de- 
scribed by Perkin and his collaborators (J., 1906, 89, 848; 1911, 99, 537). The high 
rotatory power, [«]i** + 140-6°, of the terpene from d-pulegone confirms Perkin’s sup- 
position (/oc. cit., p. 538) that the specimens prepared from ethyl d-A1-tetrahydro-f-toluate 
had racemised to some extent. 

The mode of dehydration of the intervening pulegol (I) is of particular interest, since 
it is a y-elimination analogous to the arresting dehydration of piperitol (III) to «-phell- 
andrene (IV) (J., 1930, 2773; and later unpublished observations) : 


CHMe CHMe CMe CMe 
H.C’ \CH, H a \CH, H.C’ ‘cH H¢7 \cH 
HE AHOH HAH H,\ HOH = H,C\_ CH 

CMe, ‘CMe:CH, H-CHMe, H-CHMe, 


(I.) (II.) (III.) (IV.) 


It seemed possible that the above terpene might be identical with the supposedly 
new terpene obtained by the action of 50% sulphuric acid on citronellal (Horiuchi, Mem. 
Coll. Sct. Kyoto, 1928, 11, No. 3, 176), but this idea derived no support from a comparison 
of the observed physical constants. 


d-Pulegone (80 g.; [«]\}° + 23-60°) reacted only slowly with aluminium isopropoxide in dry 
isopropyl alcohol (cf. Ponndorf, Joc. cit.). The product, apart from unchanged ketone, distilled 
at 79—93°/13 mm. (24-1 g.); this fraction yielded no ester when treated with benzoyl chloride 
in dry pyridine. After extraction with hot aqueous sodium bisulphite ecbation in presence 
of alcohol, the residual terpene (10-2 g.) had b. p. 70—72°/13 mm., jf" 1-4961, aj" (1-dcm. tube) 
+ 118-3°, di 0-8615; when further purified by repeated distillation from metallic sodium, it 
had b. p. 69°/14 mm., nis” 1-4966, di! 0-8585, [Rz]p 46-37 (calc., 45-24; exaltation, 1-13), aif” 
+ 120-7°, [a]}#* + 140: 6°. No solid derivatives were obtained with bromine or hydrogen 
chloride; the nitrosochloride and nitrosite were oils; titration with bromine in dry carbon 
tetrachloride showed addition of 1 mol., followed by substitution (Perkin, Jocc. cit.). 

Since oxidation with 1% ice-cold potassium permanganate in aqueous solution was in- 
conclusive, an ice-cooled solution of the terpene (11-6 g.) in acetone (120 c.c.) was treated gradu- 
ally (5 hours) with powdered potassium permanganate (27-8 g.). The collected precipitate 


























—_— a. 


i 
‘ 
I 
I 
c 
f 
I 
b 
C 
n 








Notes. 243 


was freed from terpene and acetone by steam distillation, and extracted repeatedly with boiling 
water. The aqueous solution was concentrated, with passage of carbon dioxide; its ethereal 
extract then gave a brown oil smelling of acetic acid, and this crystallised partly when kept in 
a vacuum desiccator over potassium hydroxide. The solid (1-3 g.) was separated on porous 
plate and boiled with pure aniline (2 c.c.); the crystalline product upon recrystallisation from 
warm alcohol yielded a microcrystalline powder, m. p. 196° (Found: C, 73-1; H, 7-1. Cale. 
for CygH,,0,N,: C, 73-5; H, 7-2%). According to Markownikow (Annalen, 1904, 336, 301), 
the dianilide of optically active 8-methyladipic acid melts at 198—200°. 


We thank the Carnegie Trust for the Universities of Scotland for the award of a Fellowship 
to one of us (W. J. G.). 
THE UNIVERSITY, ST. ANDREWS. [Received, December 27th, 1933.]} 
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Some Derivatives of m-Phenylenediamine. By F. Bett and R. CoHEn. 


Bromination of 1 : 3-Di-p-toluenesulphonamidobenzene.—10 G. of the powdered material were 
introduced into pyridine and bromine (7-7 g.) was added drop by drop to the thick mass of the 
pyridine salt. After 12 hours, the mixture was agitated with hydrochloric acid, and the solid 
collected and boiled with alcohol. The residue (7 g.), recrystallised from acetic acid, 
furnished 4: 6-dibromo-1 : 3-di-p-toluenesulphonamidobenzene as stout needles, m. p. 209° 
(Found: N, 5-0. C,)9H,,0,N,Br,S, requires N, 5-0%). Hydrolysis with cold sulphuric acid 
gave the corresponding base, m. p. 134° (acetyl derivative, m. p. 257—-260°). The alcoholic 
mother-liquor gave a further small yield of the same compound and some of the 2: 4: 6-tri- 
bromo-derivative (below). 

Bromination of 4 : 6-Dibromo-1 : 3-di-p-toluenesulphonamidobenzene.—With excess of bromine 
in pyridine, this gave 2:4: 6-iribromo-1 : 3-di-p-toluenesulphonamidobenzene, which formed 
needles, m. p. 223°, from acetic acid (Found: N, 4-4. C,. H,,O,N,Br,S, requires N, 4-:3%). 
This constitution was confirmed by hydrolysis to 2: 4: 6-tribromo-1 : 3-phenylenediamine, 
m. p. 162° (acetyl derivative, m. p. >300°). 

1 : 3-Di-m-nitrobenzenesulphonamidobenzene.—The product of interaction of m-phenylene- 
diamine and m-nitrobenzenesulphonyl chloride in pyridine was an oil. This was warmed with 
dilute aqueous sodium hydroxide, and the filtered solution introduced slowly into dilute hydro- 
chloric acid. The resultant solid crystallised from acetic acid in plates, m. p. 196° (Found : 
N, 11-9. C,,H,O,N,S, requires N, 11-7%). 

Nitration. (a) To 10g. in acetic acid (100 c.c.) at 70° was added fuming nitric acid (10 c.c.) 
in acetic acid (10 c.c.). On cooling, 4 : 6-dinitro-1 : 3-di-m-niirobenzenesulphonamidobenzene 
separated; it formed needles (4 g.), m. p. 235°, after recrystallisation from acetic acid (Found : 
N, 15-0. C,,gH,,0,,N,5, requires N, 14-8%). On solution in sulphuric acid this gave 4 : 6-di- 
nitro-1 : 3-phenylenediamine, m. p. 303° (acetyl derivative, m. p. 228°). No other pure product 
could be isolated from the mother-liquor. (b) The dinitro-compound (2 g.) was dissolved in 
fuming nitric acid (4 c.c.), and the solution diluted with acetic acid. The precipitate after 
recrystallisation from acetic acid gave 2: 4: 6-iriniivo-1 : 3-di-m-nitrobenzenesulphonamido- 
benzene as stout prisms, m. p. 218° (Found: N, 15-6. C,,H,,0,,N,S, requires N, 16-0%). 
On solution in sulphuric acid this compound furnished 2 : 4 : 6-trinitro-1 : 3-phenylenediamine, 
m. p. 285° (acetyl derivative, m. p. >300°). 

Nitration of 1 : 3-Di-p-toluenesulphonamidobenzene.—(a) 10 G. were heated on a steam-bath 
with a mixture of acetic acid (40 c.c.) and nitric acid (5 c.c., d 1-4) for 2 hours. On cooling, 
4: 6-dinitro-1 : 3-di-p-toluenesulphonamidobenzene separated; after recrystallisation from acetic 
acid it formed pale yellow plates (7 g.), m. p. 208—210° (Found: N, 11-4. CggH,,0,N,S, 
requires N, 11-1%). Apart from a further small quantity of the 4: 6-dinitro-compound no 
pure product could be isolated from the mother-liquor. (b) Fuming nitric acid converted the 
dinitro-compound into 2: 4: 6-irinitro-1 : 3-di-o-nitro-p-toluenesulphonamidobenzene, which 
formed rhombohedra, m. p. 223°, from acetic acid (Found: N, 15-2. Cy gH,,;0,,N,S, requires 
N, 15-3%). This compound was hydrolysed by sulphuric acid to 2: 4: 6-trinitro-1 : 3-phenyl- 
enediamine.—BATTERSEA POLYTECHNIC, S.W.11. [Received, December 19th, 1933.] 
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The Rates of Formation of Some Quaternary Phosphonium Salts. By W. Cute Davies and 
SIDNEY U. EVANs, 


A PRELIMINARY study of the interaction of equivalent quantities of tri-m-propyl- and tri-n- 
butyl-phosphine with a series of n-alkyl bromides in dilute solution in acetone at 25° has shown 
that the rate of formation of the quaternary salt diminishes with increase in weight of the 
alkyl group of the organic bromide, and that the former phosphine is more reactive than the 
latter. The reactivity towards alkyl halides of the phosphines is much greater than that of 
tri-n-propylamine. 

In none of the reactions was complete formation of the -onium salt observed, but an equili- 
brium was reached; the reaction was more complete the faster the rate of interaction of the 
alkyl bromide with the tertiary base. 

The following is a typical experiment. A mixture of 2-0350 g. (1 mol.) of tri-n-butylphos- 
phine and 1-3784 g. (1 mol.) of »-butyl bromide was diluted to 53-28 c.c. with acetone and 
divided into a number of test-tubes, which were then sealed off and kept in a thermostat at 25°. 
After suitable intervals tubes were broken under water and the bromide ion was titrated with 


silver nitrate solution. 


¢ (minutes) 3175 4182 6066 7495 8942 10,074 20,065 o 


Bu?Br in tube initi- 
SE, Bh Seis thessnccens 0°07814 0°07949 0°07952 0°07749 0°07900 0°07958 0°07877 0°08007 


BusBr ‘used after? 
minutes, g. .......+. 0°01462 0°01811 0°02263 0°02524 0°02681 0°02856 0°03552 0°03843 
Velocity coefficients calculated on the assumption that the formation of an -onium salt is 
a reversible reaction, R;,P + RBr ==> R,P}Br, were satisfactorily constant. 
Detailed examination of the effect of changes of the experimental conditions and of the 
base on the reaction velocity is in progress ——UNIVERSITY COLLEGE, CARDIFF. [Received, 
January ist, 1934.) 





The Anil of 2-Hydroxy-6-methylbenzaldehyde. By Tuomas Love, 


Tuts anil, described as a liquid by Anselmino (Ber., 1917, 50, 395), has now been obtained as a 
solid, m. p. 51-5°. m-Cresol was submitted to the Reimer—Tiemann reaction, and the mixture 
(5 g.) of o-hydroxy-aldehydes isolated by distillation in steam was heated on the water-bath 
with aniline (6 g.) and a crystal of iodine. On cooling, a semi-solid mass was obtained, from 
which, by filtration, the anil of 2-hydroxy-4-methylbenzaldehyde was separated; recrystallised 
from alcohol, it gave yellow needles (2-5 g.), m. p. 93°. The aniline solution, treated with 
dilute acetic acid, gave a solid, which crystallised from alcohol in yellow needles (5 g.), m. p. 
51-5° (Found: N, 6-6. Calc. for C,,H,,ON : N, 6-7%).—Royat TECHNICAL COLLEGE, GLASGOW. 
[Received, November 22nd, 1933.} 





The aci-Form of Trinitromethane. By LresLtie W. ANDREW and DalzIEL LL. HAMMICK. 


By a modification of the method of Hantzsch and Rinckenberger (Ber., 1899, 32, 635) for the 
preparation of nitroform, we have obtained a substance that is almost certainly the aci-form 
of trinitromethane. In the method of preparation referred to, the potassium salt of nitroform 
is dissolved in dilute sulphuric acid, whereupon nitroform separates. We have found, however, 
that when the damp salt is stirred into concentrated sulphuric acid at the ordinary temperature, 
an oil separates on the surface and solidifies after a few minutes. The colourless crystals, 
having been skimmed off the surface and pressed on porous tile to remove as much acid as 
possible, melt at about 50°, giving a liquid that solidifies entirely on cooling below 0°. The 
solid then melts completely at about 14°, the m. p. of pure nitroform being 15°. All attempts 
to purify the higher-melting solid by solution in organic solvents have failed, nitroform, m. p. 
15°, being recovered in all cases—THE Dyson PERRINS LABORATORY, OxFoRD. [Received, 


December 19th, 1933.) 
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THE FouRTH PEDLER LECTURE, DELIVERED BEFORE THE CHEMICAL SOCIETY AT THE 
ROYAL INSTITUTION, LONDON, ON FEBRUARY 22ND, 1934. 


By Proressor HANns FIscHER, M.D., Pu.D. 


As we know from the work of Willstatter and his collaborators (R. Willstatter and A. Stoll, 
‘“‘ Untersuchungen iiber Chlorophyll’’; also numerous publications, especially in Liebig’s 
Annalen der Chemie), chlorophyll is a wax-like substance of complex structure, consisting 
of a pyrrole derivative containing magnesium, and the two alcohols phytol and methyl 
alcohol, which are esterified by two carboxyl groups of the pyrrole component. 

The structure of phytol has since been completely elucidated and confirmed by synthesis 
(F. G. Fischer and Lowenberg, Aunalen, 1929, 475, 183) as 


CH,°CH-CH,-CH,-CH,-CH-CH,°CH,-CH,-CH-CH,-CH,-CH,-C:CH-CH,-OH 
CH, CH, CH, CH, 
The enzyme chlorophyllase, discovered by Willstatter, acts on chlorophyll in alcoholic 


media, replacing phytol by the corresponding alcohol. In this way the crystalline methyl 
and ethyl chlorophyllides are obtained. Their formule are : 


methyl chlorophyllide-a (C,,H390N,Mg)(CO-O-CH;), + $H,O 
ethyl chlorophyllide (C,,H,g09N,Mg) (CO-O-CH,)(CO-O-C,H;) 


Willstatter and his pupils laid the foundations of our knowledge of chlorophyll and its 
transformation and degradation products in a series of brilliant investigations which I 
cannot describe in detail now: for particulars, I refer you to the work by Willstatter and 
Stoll, cited above, in which will be found also the proof that natural chlorophyll is a mixture 
of two components, a and b. This lecture will deal only with chlorophyll-a. 

The presence of water of crystallisation in methyl chlorophyllide has not yet been 
proved. By the action of acids on chlorophyll, pheophytin is obtained; this contains 
no magnesium and, like chlorophyll itself, may be separated into two components, a 
and b. Phzophytin, in its turn, when treated with hydrochloric acid, yields the two 
pheophorbides, a and b, or, if methyl alcohol is present, the methyl phzophorbides. 
These can be separated relatively easily, and crystallise exceedingly well : 


phzophorbide-a C,.H;,0N,(CO-O-CH,)(CO-OH) 
methyl phzophorbide-a C,,H;,0N,(CO-O-CH3), 


These formule of Willstatter are confirmed by our own experiments (H. Fischer, Molden- 
hauer, and Siis, Annalen, 1931, 486, 158 ; compare ibid., 1932, 499, 108, and p. 250 below). 

As the formule show, phzophorbide-a is the monomethy] ester of a dicarboxylic acid, 
and methyl pheophorbide-a is its dimethyl] ester. 

When either pheophytin or pheophorbide is subjected to hydrolysis with methyl- 
alcoholic potash for 30 seconds, the products are phytochlorin-e and phytorhodin-g (usually 
abbreviated to chlorin-e and rhodin-g). Chlorin-e is the ‘‘a’’ component, rhodin-g the 
“pb.” Chlorin-e gives a well-crystallised trimethyl ester, C;,H,.O,N,, which is most 
conveniently obtained with diazomethane, according to Treibs and Wiedemann. 

By energetic degradation of chlorophyll and its derivatives, Willstatter and his col- 
laborators obtained numerous phyllins and porphyrins. Among these should be mentioned 
phylloporphyrin, pyrroporphyrin, and rhodoporphyrin, as well as etioporphyrin, which is 
obtained from these by pyrogenetic reactions and was considered to be identical with 
the ztioporphyrin from hemin. 

Willstatter and his pupils described numerous isomerides of rhodoporphyrin, which 
were thoroughly investigated by Treibs and Wiedemann. The result of these investig- 
ations was the discovery of a new porphyrin, verdoporphyrin, which is very easily trans- 
formed into rhodoporphyrin. An admixture of this verdoporphyrin is the probable 
explanation of the numerous isomerides of rhodoporphyrin described by Willstatter, 
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such as erythro-, cyano-, rubi-, and glauco-porphyrins. Later we isolated still another 
isomeride, y-verdoporphyrin. The identity of verdoporphyrin or %-verdoporphyrin with 
any of Willstatter’s porphyrins is out of the question, since their basicities are less than 
those corresponding to the hydrochloric acid and distribution numbers given by Will- 
statter. A more exact comparison is impossible, because detailed spectroscopic data and 
the melting points of the esters are not given in his publications. Moreover it seems 
that the different methods of work in vogue in different laboratories result in the isolation 
of different isomerides. Conant, for instance, could not isolate Treibs and Wiedemann’s 
verdoporphyrin (Amnalen, 1929, 471, 146), but obtained “ zsorhodoporphyrin,” which is 
identical with our %-verdoporphyrin (Conant, Hyde, Moyer, and Dietz, J. Amer. Chem. 
Soc., 1931, 53, 370; 1933, 55, 796; compare H. Fischer and Klebs, Annalen, 1931, 490, 
44, 88). 

We were, naturally, very interested in determining the constitutions of these porphyrins. 
In the meantime we had succeeded in developing general methods for synthesising these 
substances, and we hoped to be able to apply them successfully in the investigation of 
the chlorophyll porphyrins. 

Now rhodoporphyrin is a dicarboxylic acid; phylloporphyrin and pyrroporphyrin are 
monocarboxylic acids which were held to be isomerides by the earlier investigators. The 
most probable assumption was that they were tetramethyl-triethyl-porphin-propionic 
acids, of which theoretically there must be eight isomerides, viz., 


H,C-——S* H,C-—S* H,C-—C,H H,C-—C,H 
BiG ah 5a 1 al asic i 7 a 


H,C cm. - ie CH, S* ae S* 
H,C,'—CH, H,C,-—CH, H,C,-—CH, H,C,-—CH, 
(I.) m. p. 247°, (II.) m. p. 263°. (III.) m. p. 271°. (IV.) m. p. 208° (220°). 


H—f(il H,C——S* a E ‘, H,C-——S* 
* ia “| i H,C, c . C,H, 


Hy ] 

H,C cu Rs a a: CH,  4H,C CH 

“, io H,c—s* ° ‘H,C—C,H, - 

(V.) m. p. 238°, (VI.) m. p. 246°. (VII.) m. p. 216°. (VIII.) m. p. 214°. 
* S= CH,°CH,’CO-OH. 


(The formule are abbreviated; each square bracket represents one of the four pyrrole 
rings of the porphyrin molecule; the four bridge CH groups are omitted; the melting 
points are those of the methy] esters.) 

All eight isomerides were synthesised, and all proved to be different from phyllo- 
porphyrin and pyrroporphyrin (H. Fischer, Grosselfinger, and Stangler, Annalen, 1928, 
461, 221; H. Fischer, Weichmann, and Zeile, ibid., 1929, 475, 241). 

Then we succeeded in proving, analytically, that in both these porphyrins one of the 
CH groups in the $-position of a pyrrole ring is unsubstituted; this is not the case in 
rhodoporphyrin, but is so in the etioporphyrin from chlorophyll. This unsubstituted 
group was detected by bromination, followed by oxidation. The hydrogen was replaced 
by bromine and on oxidation bromocitraconimide was formed. According to this, the 
most probable explanation of the constitution of these two porphyrins was that they 
corresponded to two of the eight isomeric acids but contained one ethyl group less, Since 
an ethyl group can be removed from three different positions in each acid, there are twenty- 
four isomeric acids of the required structure. The same would hold for rhodoporphyrin, 
since, as it loses carbon dioxide on heating and passes into pyrroporphyrin, it was very 
probable that the two porphyrins had the same structure, except that where pyrroporphyrin 
had an unsubstituted CH group, rhodoporphyrin possessed a carboxyl group attached 
directly to the ring. This view of the structure of rhodoporphyrin was completely con- 
firmed by the synthesis of several pyrro- and rhodo-porphyrins (H. Fischer, Berg, and 
Schormiiller, Annalen, 1929, 473, 211; 1930, 480, 109, 189; 1930, 482, 232). 
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The first step in the proof of the constitution of natural pyrroporphyrin was its con- 
version into the acid (III) by the introduction of an ethyl group. Since porphyrin III 
corresponds to etioporphyrin III in the arrangement of the side chains, this showed that 
this arrangement is fundamentally the same in both hemin and chlorophyll; both are 
derived from ztioporphyrin III. 

But this did not settle the structure of pyrroporphyrin, since compounds with an 
unsubstituted CH group in any of the positions, 2, 4, and 6 would all give porphyrin III 
on the introduction of an ethyl group. It was then proved by synthesis that position 6 
is the one in question. 1: 3:5: 8-Tetramethyl-2 : 4-diethyl-6-carboxyporphin-7-propionic 
acid (X) was synthesised and found to be identical with rhodoporphyrin from natural 
sources; as has been mentioned, this yields pyrroporphyrin on decarboxylation. At the 
same time 1 : 3:5: 8-tetramethyl-2 : 4-diethylporphin-7-propionic acid (IX) was syn- 
thesised, and was found to be identical with natural pyrroporphyrin. By this it was 

H,CG7—aC,H H,C_—_(C,H, H,C-——C,H 
Mey alle nal ie nal a 
get “C,H; S* C,H; 5° C,H, 
HS — ICH; HO-OC——-CH, S*_ICH, 
(TX.) as SY (X.) Rhodoporphyrin. (XI.) 
* S = CH,'CH,-CO-OH. 
also proved that the unsubstituted CH group in phylloporphyrin is in position 6, since 
phylloporphyrin also is converted into pyrroporphyrin by the action of sodium ethoxide. 
The synthesis shows that pyrroporphyrin is closely related to the important hemin 
derivative mesoporphyrin (XI). 

If the propionic acid group in position 6 of the formula for mesoporphyrin is replaced 
by hydrogen, one obtains the formula for pyrroporphyrin. In agreement with this we 
were able to convert pyrroporphyrin (or pyrrohemin), by the action of chloromethyl ether 
and hydrobromic acid, into bromomethyl pyrroporphyrin (or hemin), which, when heated 
with sodiomalonic ester, gave mesoporphyrin (H. Fischer and Riedl, Annalen, 1931, 486, 
178). Thus was obtained—even though indirectly—for the first time a porphyrin which 
was common to both the chlorophyll and the hemin series. The ztioporphyrins of chloro- 
phyll have, of course, nothing to do with the ztioporphyrins of hemin. The former 
proved to be mixtures of phylloporphyrin and pyrroporphyrin (XII and IX). If one 
imagines the propionic acid side chains decarboxylated to ethyl groups, one has the formule 
of the corresponding true ztioporphyrins of chlorophyll. This was confirmed by synthesis 
(H. Fischer, Berg, Helberger, and Schormiiller, Annalen, 1930, 480, 109, 235; 1930, 482, 
232). The ztioporphyrin of hemin, by the way, is not, strictly speaking, decarboxylated 
mesoporphyrin but decarboxylated protoporphyrin, which we synthesised recently (H. 
Fischer, Kirstahler, and v. Zychlinski, Annalen, 1932, 500, 1). Recently, too, we succeeded 
in converting mesoporphyrin (or mesorhodin) through the stage of rhodoporphyrin-y- 
carboxylic acid into pyrroporphyrin; the product was mainly 1:3: 5: 8-tetramethyl- 
2 : 4-diethylporphin-6-propionic acid (IX) (Annalen, 1934, 509, 19). 

Phylloporphyrin proved to be a homologue of pyrroporphyrin. On the assumption 
that methyl is substituted for the hydrogen of one of the four ‘‘ bridge ’’ CH groups (com- 
pare formula XII), there are ninety-six possible isomerides; however, the knowledge of 
the structure of ogee 7 Sige or only four possible structures for phylloporphyrin. 


H,C mye H 
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8 CH 
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H,c Gn -CH,CO-OH CH, I elCH, 
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All four were synthesised (H. Fischer and Helberger, Annalen, 1930, 480, 235; H. Fischer, 
Siedel, and Le Thierry d’Ennequin, ibid., 1933, 500, 137). The scheme of the synthesis of 
the isomeride which was identical with the product from natural sources is given here 
(XIII and XIV). 
(XIII.) 
wate ak OT oe. ‘ H,C-——C,H, 
eo a Sacues Malle 
Na 4 Sf cH, 


N NH 
CH,-H,C H 
nt C a 
(XIV.) 





There were many theoretical and practical difficulties. Each of the pyrromethenes 
we used could react with itself; further, partial decarboxylation could take place so that 
in each synthesis ten different porphyrins could be produced, which, in fact, did for the 
most part appear, and which, in all four syntheses, were nearly all isolated. 

For the separation of these porphyrins (and, in general, for all porphyrin mixtures), 
the method of fractionation developed by Willstatter and Mieg (Annalen, 1906, 350, 1) 
proved most successful. The basicities of the porphyrins, due to their imino-groups, 
vary widely, and hence, by using hydrochloric acid of different degrees of concentration 
to extract them from a solution in ether, a very complete separation of even complex 
mixtures can be attained, especially by frequent repetition of the operation. The method 
is also suitable for separating the pheophorbides. 

y-Methyl-pyrroporphyrin (1 : 3: 5: 8-tetramethyl-2 : 4-diethyl~y-methylporphin-7-pro- 
pionic acid) (XII) proved to be identical with ‘‘ natural’’ phylloporphyrin. The mixed 
melting point of the two esters showed no depression, whereas a distinct depression was 
obtained with the other three isomeric esters. 

While these analytical and synthetical investigations were in progress, the biological 
degradation of chlorophyll was being studied, since in the study of hemin we had found 
that the examination of biologically related substances was of great service in throwing 
light on the constitution of hemin itself and in preparing the way for its synthesis. 

The investigations of Lébisch and Fischler (Monatsh., 1903, 24, 335) and of Marchlewski 
(Z. physiol. Chem., 1904—1905, 43, 464; 1905, 45, 176) had made known the substance 
phylloerythrin which they obtained from ox-bile and from the feces of herbivora. From 
sheep dung we were able to isolate probophorbides (H. Fischer and Hendschel, Z. physiol. 
Chem., 1931, 198, 33; 1933, 222, 250); these are isomeric with phylloerythrin, into 
which they are easily converted by heat. They are important because, as the name 
signifies, they show a close spectroscopic relationship to pheophorbide and the phorbides 
in general. From this it must be concluded that the pheophorbides and phylloerythrin 
are closely related to chlorophyll itself. In agreement with this is the fact that, as Rothe- 
mund and Inman have shown (J. Amer. Chem. Soc., 1932, 54, 4702), they are already 
present in the omasus and abomasus (third and fourth stomach) of ruminants. Now 
phylloerythrin must be classed among the porphyrins on account of its spectroscopic 
properties (Z. physiol. Chem., 1925, 148, 1). This was the first reason for supposing that 
chlorophyll also was closely connected with the porphyrins; this view was supported, on 
the synthetical side, by the conversion of hemin porphyrins into chlorins and rhodins 
(H. Fischer, Treibs, and Helberger, Annalen, 1928, 466, 243; 1929, 471, 285; H. Fischer, 
Helberger, Platz, and Niemer, zbid., 1930, 479, 27; H. Fischer, Gebhardt, and Rothaas, 
ibid., 1930, 482, 1). A further confirmation of the relationship between the two classes 
of compounds was the conversion of chlorophyll derivatives into porphyrins by bacterio- 
logical means (H. Fischer and Hendschel, Joc. cit.). The presence of the porphyrin ring 
in chlorophyll and its derivatives could not be inferred from their conversion into phyllo- 
porphyrin, pyrroporphyrin, and rhodoporphyrin, for under the conditions of this experi- 
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ment (action of sodium ethoxide at a high temperature in a sealed tube) secondary syntheses 
are possible, especially as the products are poorer in carbon than the original material. 
Hence methods had to be found by which porphyrins could be produced from chlorophyll 
without destroying its carbon skeleton; for the synthesis of such porphyrins methods 
were already available. Reduction with hydriodic acid in glacial acetic acid proved 
successful. When this method was applied to pheophorbide and to chlorin-e, essentially 
different results were obtained. The former yielded pheoporphyrins, the latter chloro- 
porphyrins (H. Fischer and Baumler, Annalen, 1929, 474, 65; 1930, 480, 197; H. Fischer, 
Moldenhauer, Siis, Hagert, and Filser, <béd., 1930, 478, 54; 1930, 481, 132; 1931, 485, 1; 
1931, 486, 107; 1931, 490, 1). Even spectroscopic examination showed the essential 
difference between the two classes of porphyrins. In the absorption spectra of the phxo- 
porphyrins the second and the third band are close together, as in the case of phylloerythrin, 
while the spectra of the chloroporphyrins resemble those of the hemin porphyrins much 
more closely. 

We give a summary of those porphyrins (with partial formule) which were most im- 
portant in arriving at the constitution of chlorophyll, especially in proving the presence 
of 34 carbon atoms in the chlorophyll molecule (that is, if we omit the ester groups) : 


NH 








Ware ' VAN é& 
‘—"'CH,-CH, HO-C\ xk le_slicH, H,C*—*CH,-CH, HO- cle , jicn, 
CO-OH CO-OH | “Ho 


Co: ox CH, CO-0-CH, 
(XV.) Phzoporphyrin-a, (C3,H;,0,N,). (XVI.) Neophzoporphyrin-a, (C3,H3,O,N,). 
[H,C,°O instead of HO in position 
10 = phzoporphyrin-a,.] 


NH NH NH 
ERE S077 TRI VA ¢ 
CH, H-Ce ,IcH, H,C*—(CH,-CH, Ce _ cH, 
COOH | YLo COOH Lo 
CO-O-CH, 
(XVII) Pheoporphyrin-a, (Cy,H3,0,N,). (XVIIL.) Phylloerythrin (C,,H,,03N,). 


NH NH NH NH 
ya nm 4 bh ¢ ‘aA 
H,C\—CH,-CH, _H,C¥ » PCH H,C-—cH,-CH, CH, HO-OC——CH, 

CO-OH H, CO-OH CO-0-CH, 
(XIX.) Desoxophyllerythrin (C,,H,,0,N,). (XX.) Chloroporphyrin-e, (C3,H;,0,N,). 
NH 
WV ¥. NH 
~ AN 


HC — — HO’ 3 YI (¥. 
H,C—cH H, CH, HO-oc-— cH 
2 3 3 


os OH 5 €0-0H 
(XXI.) Chloroporphyrin-e, (C,;;H;,0;N,). (X XII.) Chloroporphyrin-e, (C;;H;,0,N,). 
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NH 
Vs SOME ducers WY\ 
Hyc—cn, -cH, HA +— H,c—cH, 
H,C-0-0C | CH, 
H,C-0-OC 0 CO-OH 
(XXV.) Chloroporphyrin-e,-lactone (XXVI.) Hydroxymethylrhodoporphyrinlactone 
dimethyl] ester (C,,H3,0,N,). (Cy3Hy,0,0,). 


In the empirical formula XV—XXVI (except XXIV) the ester groups have been omitted 
in order to facilitate comparison of the hydrogen content of the different porphyrins. 

The porphyrins crystallise well and are further characterised by crystalline esters and 
other derivatives. The esters melt sharply and mixtures of them show a distinct depres- 
sion of the melting point. In the preparation of porphyrins from phzophorbide or chlorin-e 
ester, the ester groups are not always completely hydrolysed. The recognition and 
explanation of this fact were beset with many difficulties. Systematic methoxyl deter- 
minations are absolutely necessary as a guide to the purity of the preparations. A further 
difficulty lies in the ease with which these porphyrins form mixed crystals. For example, 
if 10% of chloroporphyrin-e, is added to phylloerythrin, it cannot be detected with the 
spectroscope, and the phylloerythrin now crystallises in needles instead of cubes. One 
is inclined to believe that one is dealing with a new chemical individual, a molecular 
compound. 

The most important of these porphyrins is pheoporphyrin-a, (XVII), which can be 
obtained from the pheophorbides as well as from pheophytin and chlorophyllide; it 
always occurs as the monomethyl ester (H. Fischer and Siis, Anunalen, 1930, 482, 225; 
1931, 485, 1; 1931, 486, 107). The carbomethoxy-group in position 10 is therefore 
hydrolysed with difficulty. Pheoporphyrin-a, reacts with ketonic reagents and under- 
goes hydrolytic fission, yielding chloroporphyrin-e,, which also is a monomethyl ester. 
It has the structure (XX), since on the one hand it is easily reconverted into pheopor- 
phyrin-a,, and on the other hand, 30% methyl-alcoholic potash converts it into chloro- 
porphyrin-e, (XXII) and rhodoporphyrin. The conversion of chloroporphyrin-e, back 
into pheoporphyrin-a, was the first example of a transition from the group of chloropor- 
phyrins to the phzoporphyrins. 

Pheoporphyrin-a, (XVII) is easily converted by decarboxylation into phylloerythrin 
(XVIII). The latter may be reduced to desoxophyllerythrin (XIX), which contains 
only 2 atoms of oxygen, and these in a carboxyl group. The constitution of phylloerythrin 
was proved as follows: In an atmosphere of nitrogen it is unaffected by alkalis; in the 
presence of oxygen, decomposition sets in and the characteristic chlorophyll porphyrins, 
phylloporphyrin, pyrroporphyrin, and rhodoporphyrin, are produced, as well as rhodo- 
porphyrin-y-carboxylic acid, which was first obtained in this way. This behaviour can 
only be explained by the presence of an ethanone bridge between the positions 6 and y; 
the presence of a carbonyl group was proved by reaction with the usual ketonic reagents. 

The structure of desoxophyllerythrin and phylloerythrin was also proved by synthesis 
(H. Fischer and Riedmair, Annalen, 1931, 490, 91; 1932, 497, 181; 1932, 499, 288; H. 
Fischer, Heckmaier, and Riedmair, ibid., 1932, 494, 86). Two formule for desoxophyll- 
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erythrin presented themselves for consideration—(XIX) or one of the porphinpropionic 
acids (I—VIII), which have two more hydrogen atoms. These eight isomerides were all 
synthesised, and none was identical with desoxophyllerythrin. The difference in absorption 
spectra could only be due to an isocyclic ring in the molecule. (XIX) was then synthesised 
according to the following scheme: the product was identical with the desoxophyllerythrin 
from natural sources. On oxidation with oleum and sulphur, desoxophyllerythrin was 
converted into phylloerythrin and some chlorophoryrin-e, (XXI). We admit that the 
synthesis does not prove that the carbonyl group in phylloerythrin is in position 9— it 
could just as well be in position 10; however, the conversion of phylloerythrin into phyllo- 
porphyrin, pyrroporphyrin, and rhodoporphyrin, which has already been mentioned, is 
a clear proof of the position of the carbonyl group. 

The constitutional formula of chloroporphyrin-e, is further supported by the action of 
formic acid on the porphyrin, which produces chloroporphyrin-e, (XXII) in good yield. 
Chloroporphyrin-e, in its turn can be converted into rhodoporphyrin-y-carboxylic acid 
(XXIII) and phylloporphyrin as well as into chloroporphyrin-e;. The transformation 
into chloroporphyrin-e, takes place very easily under the mildest conditions, when oxygen 
is present; and conversely chloroporphyrin-e; is very easily converted into chloro- 
porphyrin-e,. The ease with which the methyl group of chloroporphyrin-e, is oxidised 
is remarkable; it is caused by the carboxyl group in position 6. The substituent in this 
position can activate the substituent in the y-position, just as is observed in the case of 
o-substituents in the benzene ring. 

The majority of the chlorophyll porphyrins are oxidised by iodine in glacial acetic acid 
in the presence of sodium acetate. Under these conditions chloroporphyrin-e, (XX) is 
very easily converted into chloroporphyrin-e,-lactone dimethyl ester (XXV). Oxidation 
has therefore taken place at position 10. The lactone ester (X XV) may be decarboxylated 
to hydroxymethy] rhodoporphyrin lactone (XX VI), which can then be oxidised in the same 
way to chloroporphyrin-e; (X XI). If the lactone ester (X XV) itself is oxidised, it yields 
pheoporphyrin-a, (XV). In the reverse direction chloroporphyrin-e; (X XI) may be re- 
duced to hydroxymethyl rhodoporphyrin-lactone (X XVI), and pheoporphyrin-a, (XV) to 
chloroporphyrin-e,-lactone. Finally, pheoporphyrin-a, (XVII) may be oxidised by the 
iodine method (in alcohol) to neophzoporphyrin-a, (XVI). If sodium carbonate is used 
instead of sodium acetate in this case, the product is pheoporphyrin-ag. 

So there can be no doubt as to the relationships between the porphyrins in the table, 
and their structure must be regarded as determined. One transformation only has not 
yet been successfully carried out—the hydrolysis of neopheoporphyrin-a, (XVI) to chloro- 
porphyrin-e,-lactone dimethyl ester (X XV) ; we always obtained instead pheoporphyrin-a,. 
Whether this is due to an unavoidable oxidation or not, has not yet been determined. 

As we have already explained, when chlorophyll, chlorophyllide, pheophytin, phzo- 
phorbide, or methyl pheophorbide is subjected to short hydrolysis with alcoholic potash, 
the products are chlorin-e and rhodin-g, or a precursor of the latter; into the last question 
we need not enter. Chlorin-e forms with diazomethane, or with hydrochloric acid and 
alcohol, beautifully crystalline di- and tri-methyl esters. The trimethyl ester is isomeric 
with that of chloroporphyrin-e, (H. Fischer and Siebel, Annalen, 1932, 494, 73), as is shown 
by the agreement in the analyses as well as in the calorimetric measurements of Dr. Stern 
(Stern and Klebs, Annalen, 1933, 505, 295). Similarly methyl pheophorbide is isomeric 
with phzoporphyrin-a, dimethyl ester, and, in general, phorbides, chlorins and porphyrins 
which have the same empirical formule have also the same energy values. Chlorophyll 
itself must therefore have a modified porphyrin ring as its basal structure. This view is 
supported by the possibility of converting chlorin-e trimethyl ester into pyrophezophorbide, 
the product of the decarboxylation of pheophorbide. This transformation corresponds to 
the transition from chloroporphyrin-e, into pheoporphyrin-a,, but with the difference that 
here the carbomethoxy-group in position 10 remains intact, while in the former case it is 
split off. This must be due to a constitutional peculiarity of pheophorbide, since in 
phzoporphyrin-a, itself the carbomethoxy-group in position 10 is relatively stable. When 
treated with pyridine and sodium carbonate under conditions in which methyl pheophorbide 
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is completely and smoothly decarboxylated, pheoporphyrin-a, dimethyl ester is stable, 
that is, only traces of phylloerythrin ester are formed. (Of course in an acid medium 
decarboxylation to phylloerythrin ester takes place relatively easily.) The isomerism 
between phorbides, chlorins, and porphyrins is further illustrated by their behaviour on 
catalytic hydrogenation. In each case three molecules of hydrogen are taken up and the 
leuco-stage is reached; on reoxidation porphyrins are formed. Under these conditions 
chlorophyll itself and methyl pheophorbide yield only pheoporphyrin-a,, which must 
therefore have the same basic structure as chlorophyll. 

Indications of the nature of the isomeric modifications in the porphin nucleus were 
obtained by a new method of reduction with hydriodic acid, applied to chlorophyll, the 
phorbides, the purpurins, and the chlorins (H. Fischer and Riedmair, Annalen, 1933, 505, 
87; 1934, 508, 224). If this is carried out in the cold, new keto-porphyrins are obtained— 
the product from chlorophyll and methyl phzophorbide-a is oxophzoporphyrin-a, [formerly 
called isophzoporphyrin-a, (loc. cit.)]. The presence of a second keto-group was clearly 
proved, and it was further shown that this ‘ oxo-reaction”’ is a general reaction of 
phorbides and chlorins. Pyrophzophorbide yields oxophylloerythrin, chlorin-e trimethyl 
ester gives oxochloroporphyrin-e,. 

The investigation of 10-oxyphzophorbide-a, which is obtained from pheophorbide-a by 
oxidation with iodine in glacial acetic acid according to the method we have already 
mentioned, was of special importance. On reduction with hydriodic acid in the usual way 
(at 65°) it yields neopheoporphyrin-a,, in confirmation of the constitution we assumed for 
it. Reduction in the cold leads to oxoneopheoporphyrin-a, and oxorhodoporphyrin. The 
occurrence of the latter is explained as due to hydrolytic fission of the oxoneophzo- 
porphyrin-a, and oxidation to oxopheoporphyrin-a,, the y-side chain of which is labile, 
in analogy with phzoporphyrin-a,; and as pheoporphyrin-a, is easily transformed into 
rhodoporphyrin, here oxorhodoporphyrin is formed. This was obtained well crystallised 
and its structure was explained as : 


YN 











Ho-ocl cH, 


CH,*CO,H 
(XXIX.) Ox0(4-formyl)rhodoporphyrin (C3,H3,0,N,). 


That is to say, we are most probably dealing with a porphyrin containing an aldehyde group 
joined directly to the ring; the majority of the reactions of oxorhodoporphyrin are in agree- 
ment with this view. It was possible to convert it into rhodoporphyrin by the Wolff- 
Kishner method (action of sodium ethoxide and hydrazine under pressure). Reduction 
with sodium ethoxide gave an alcohol, from which water could not be split off even by 
heating in a high vacuum. Hence the presence of an acetyl group (instead of a formyl 
group) in oxorhodoporphyrin is impossible; for experience has shown that in the hemin 
porphyrins, the secondary alcohols, which are obtained by the reduction of acetyl groups, 
lose water easily and yield the vinyl derivatives. On the other hand, concentrated sulphuric 
acid causes a shift of the spectrum towards the red. However, for the present we must 
consider the presence of a formyl group more likely. 

Since porphyrins and their leuco-compounds do not undergo the oxo-reaction, there 
must be in those compounds which do undergo the reaction, namely, chlorophyll, the 
phorbides, chlorins, and purpurins, some unsaturated side chain which is responsible for it. 
If the oxo-compounds contain an acetyl group, we must consider an ethylidene side chain 
as its precursor; if, on the other hand, the oxo-group is a formyl group (as is more likely) 
the side chain giving rise to it is probably a methylene group. In accordance with this 
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view are the following formule for methyl pheophorbide-a and chlorine-e trimethy] ester, 
which are, of course, closely related (H. Fischer and Siebel, Annalen, 1932, 449, 84) : 


H,C 
ee Ts \ CoH HC —GH 


noo Neg V4 Ag = 


CH HC 


pi cfemen nino os shi 


H,cl cH, HCL, c "CH, H,c!__! fh HC es rf 
CH, | ree) CO-O-CH, 
CO-0-CH, CO-0-CH, om ‘0: “CH, CO-O-CH, 
(X XX.) Methyl pheophorbide-a (XXXI.) Chlorin-e trimethyl ester 
(CssHss05N,). (Ca7H4206N,). 
These relationships are readily explained by the given formule. The fact that chlorin-e 
triester is at once decarboxylated under the influence of pyridine and sodium carbonate, 
yielding pyrophzophorbide-a, while chloroporphyrin-e, is converted into pheoporphyrin-a;, 
is explained by the unsaturated side chain and by the arrangement of the substituents at 
the y-carbon atom, which factors must also account for the phorbide and chlorin spectra. 
The oxo-reaction very probably occurs as follows : 








H,C=- —> 1H,c#-_, 14,c]—-> Ho-H,C-}-—> HO-HC=— —> oct 


First, hydrogen iodide is added on at the double bond of the methylene group, just as in 
the formation of the dihydro-compounds. Then the tertiary hydrogen is replaced by iodine, 
the other iodine atom is replaced by hydroxyl, hydrogen iodide is split off, and the hydroxy- 
methylene group undergoes rearrangement to form an aldehyde group, while at the same 
time rearrangement takes place in the ring with formation of the dihydroporphin structure. 
Finally oxidation to porphyrin takes place, probably through the stage of a leuco-com- 
pound. The whole reaction takes several hours for completion, and it is probable that 
primarily a hydrogenated intermediate compound is formed, recognisable by the fading 
of the colour, and this in a secondary reaction gives rise to the oxo-compound. 

At first sight this complete reaction mechanism seems surprising. But the facility with 
which chloroporphyrin-e, (XXII) is oxidised by iodine, acetic acid, and sodium acetate to 
chloroporphyrin-e, (XXI) is beyond doubt; as is also the oxidation which takes place 
under these conditions of the carbon attached to the ring in position 10. The difference 
between this and the oxo-reaction is obviously due to the concentrated hydriodic acid 
present in the latter case, which causes the iodine to attack the molecule in a different way. 

If we assume the above structure for methyl pheophorbide, the fact that chlorophyll 
and its nearest derivatives readily take up two atoms of hydrogen (H. Fischer and Lakatos, 
Annalen, 1933, 506, 123; cf. also Stoll and Widemann, Naturwiss., 1932, 791) is explained 
at once. The dihydro-compounds are formed by saturation of the methylene group, so 
that methyl dihydrophzophorbide-a must have the following formula : 


H 
HCG: 7 » H,0—= C,H 5 





Vax 


(XX XII.) \ NH 





y,cl_IcH, 
CH, 
CO-O-CH,; CO-0-CH, 
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There is no essential difference in the conjugated system between this structure and that of 
methyl pheophorbide- -a; it explains the slight difference in the spectrum and the possibility 
of ring opening to form ‘dihydrochlorin-e trimethyl ester, as well as the production of the 
other chlorophyll porphyrins. These are formed from chlorin-e and its dihydro-derivative 
simply by heating with glycol; in the latter case two hydrogen atoms are lost. 

It is a remarkable fact that, in the case of the dihydro-compounds, the oxo-reaction 
is complete only after two days, and the leuco-compounds, whether of the dihydro-com- 
pounds, the pheophorbides, or the porphyrins, do not react at all. The most probable 
explanation of this is that in the leuco-compounds the pyrroline structure of pyrrole ring I 
is no longer present. The leuco-compound of phzophorbide-a, its dihydro-compound, and 
of phoporphyrin- -as, has formula (XXXIII). From this a transformation into (XXXII) 
and (XXX) is no longer possible. On hydrogenation of the phophorbides and the 
dihydrophzophorbides, the unstable leuco-compound (XXXIV) is first formed and this 
then undergoes intramolecular rearrangement to the structure (XXXIII). The ex- 
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planation of the fact that the dihydrophorbides and dihydrochlorins do undergo the 
oxo-reaction—though more slowly—is that, in part, the leuco-compound (XXXIII) is 
formed; asa result, iodine is set free, which then oxidises the dihydro-compound (XXXII) 
to the state represented by (XXX). The reaction now proceeds as on page 253, that is, the 
oxo-compound is formed. 

Chlorophyll itself must have the structure (XX XV), which explains all its reactions. 
In the reaction with diazomethane in methyl] alcohol, chlorin-e trimethyl ester is formed, 
which involves a simple methanolysis between carbon atoms 9 and 10 (compare XXX 
and XXXjI). 




















H,C 
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CO-O-Phy CO-O-CH, H,C-0-0C CO-0-CH, 
(XXXV.) Chlorophyil-a (C,sH,,0;N,Mg). (XXXVI) (Cy,H;,0,N,). 


Two very important reactions of intact chlorophyll are allomerisation (Willstatter) 
and the phase test (Molisch). By allomerisation is meant the change undergone by 
chlorophyllide when its alcoholic solution is evaporated to dryness, whereby it loses its 
power of crystallisation. The allomerised material is sharply differentiated from the 
original material by its failure to give the phase test. This reaction is shown by intact 
chlorophyll and by fresh leaves; on the addition of methyl-alcoholic potash an intense 
brown colour is formed which soon changes to green. Allomerised chlorophyll gives the 
green phase at once. 
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Conant found that, when the mixture of chlorophyllides-a and -b underwent allomeris- 
ation in alcohol, 1 mol. of oxygen wasconsumed. Up to the present this observation has not 
been repeated with other solvents. But there is really a change in the chlorophyll, as we 
have shown with the separated components. Further, (1) no acetaldehyde can be detected 
in the alcohol; (2) when chlorophyll, which has been allomerised with 1 mol. of oxygen, is 
reduced with hydriodic acid and hydrolysed with hydrochloric acid, it yields phzo- 
porphyrin-a, (XV); intact chlorophyll is converted by the same treatment into phzo- 
porphyrin-a, (XVII). 

The allomerisation of chlorophyll with #-benzoquinone gives more insight into the 
problem. In an atmosphere of nitrogen, 1 mol. of the quinone is reduced to quinol, and 
the allomerised chlorophyll which is formed is found to have added on a molecule of alcohol, 
for, on reduction with hydriodic acid, pheoporphyrin-a, (XVI; O-C,H, instead of OH) is 
produced. 

The explanation of the formation of pheoporphyrin-a, and pheoporphyrin-a, is, in 
my opinion, only possible if we assume that, on allomerisation, a double bond is formed 
between the y-carbon atom and carbon atom 10. In order to obtain the formula for 
allomerised pheophorbide we must write (XXX) with two atoms of hydrogen less, thus 
getting (XXXVI). 

Apart from this, the formula is analogous to (XXX), and 1 mol. of water or alcohol can 
easily be added, in the 1 : 4-position, to the conjugated system between pyrrole ring III 
and the isocyclic ring. In the formation of pheoporphyrin-a,, this arises in a secondary 
reaction during the hydrolysis with hydrochloric acid, during which a hitherto unexplained 
and certainly unavoidable oxidation takes place. The formation of phzoporphyrin-ag, 
on the other hand, is due to the stabilisation caused by the ether group. This assumption 
is supported by the analogous reaction of natural pheophorbide, which is converted by 
hydriodic acid in the presence of glacial acetic acid and air into neopheoporphyrin-ag., and 
by the “iodine method” into 10-hydroxyphzophorbide. Here again 1 : 4-addition of 
water takes place. Oxidised chlorophyll or phzophorbide is therefore poorer by two 
atoms of hydrogen than these porphyrins, since they are formed in a secondary reaction by 
the addition of water or alcohol. 

We therefore explain the phase test as an enolisation of the carbonyl group in position 
9, the hydrogen from Cy) wandering to form the hydroxyl group. The brown phase is 
due to the change in structure and to the formation of an alkali salt; the brown changes 
to green owing to oxidation. Since allomerised chlorophyll no longer possesses the hydro- 
gen atom which wanders, it cannot show the brown phase. Various oxidations take place 
in the strongly alkaline medium, which lead finally to the formation of rhodoporphyrin- 
y-carboxylic acid, or its green anhydride. Propyl-alcoholic potash on the other hand pro- 
duces purpurins, through the intermediate stage of an unstable chlorin, as Conant showed. 

The purpurins probably resemble the phorbides in structure, since they also-undergo 
the oxo-reaction. With alkalis they immediately form green salts. 10-Ethoxyethyl- 
pheophorbide does not show the phase test; the green colour appears at once, since no 
enolisation can take place. 

In chlorophyllide, methyl phezophorbide, and pheophorbide there is a keto-group. 
This view is confirmed by their behaviour with diazomethane in methyl alcohol—they 
yield chlorin-e trimethyl ester, while the allomerised compounds form only unstable 
chlorins. As the allomerised compounds have the original nuclear structure, these 
chlorins must correspond to formula (XXXVI). Lately we succeeded in proving directly 
the presence of this keto-group in natural pheophorbide, methyl phzophorbide and in 
chlorophyllide-a. In an atmosphere of nitrogen at the ordinary temperature they form 
oximes. The oximes can be reconverted into the parent substances, which still show the 
phase test and on methanolysis yield chlorin-e trimethyl ester. Cautious reduction of 
the oximes with hydriodic acid yields the oxime of pheoporphyrin-a;. 

In conclusion I will mention briefly the relationship between chlorophyll and hemin, 
or hemoglobin. Chlorophyll is a wax; hemoglobin, in my opinion, is a molecular com- 
pound of globin and hem. Chlorophyll, as an ester, contains not only phytol but methy] 
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alcohol; its nucleus is an isomeric modification of the porphin ring; the side chains, how- 
ever, correspond, not to those of hemin, but to an isomeric form of mesoporphyrin. The 
two vinyl groups of hemin are hydrogenated to ethyl groups; the propionic acid group in 
position 6 has become a 6-ketopropionic acid, which has united with the y-carbon atom and 
undergone oxidation to form the isocyclic ring characteristic of chlorophyll; while at the 
same time a hydrogen atom has wandered from a methyl group in position 1 or 3 to the 
y-carbon atom. Finally, magnesium has replaced co-ordinately bound iron. 

The last-mentioned wandering of a hydrogen atom has not taken place in mesochlorin, 
since this does not undergo the oxo-reaction. The synthetic chlorins, therefore, represent 
a still unknown modification of the porphin system; the oxo-structure, on the other hand, 
seems to occur in nature. Gaffron has shown that the pigment of the sulphur bacteria 
(Beggiatoa thiocystis) is sensitive to light and oxygen and is non-fluorescent. After a hydro- 
chloric acid extract of the bacteria (B. thiocystis) has been precipitated with lead carbonate, 
a green pigment, which has a fine spectrum, may be extracted with pyridine. Mr. Gaffron 
sent us some of his material, which, on fractionation, yielded porphyrins spectroscopically 
identical with oxophzoporphyrin-a, and oxophylloerythrin. 

When the pure culture is extracted with pyridine, and the extract warmed for a short 
time with formic acid, the same result is obtained on spectroscopic examination. Reduc- 
tion for three minutes with hydriodic acid in glacial acetic acid, which converts chloro- 
phyllide into pheoporphyrin-a;, here yields oxorhodoporphyrin. 

Noack (Naturwiss., 1933, 835) recently isolated a chlorophyll derivative from Beggiatoa 
purpurea which, according to the analyses, has a higher oxygen content than usual. He 
considers it likely that this is a derivative of chlorophyll-b, but I do not think this probable ; 
it is more likely that the oxo-reaction * takes place in the metabolism of the bacteria. 





64. The Effect of Electrical Leakage on the Electromotive Behaviour 
of the Glass Electrode. 


By CHARLES Morton. 


MacInnes and Dote (J. Amer. Chem. Soc., 1930, 52, 29) have given formule for preparing 
glass which is stated to yield electrodes of uniformly high efficiency, low D.C. resistance, 
and low and constant asymmetry potentials. Other workers, however, have not in all 
cases verified their claims; in particular, as Ingham and Morrison (J., 1933, 1200) have 
pointed out, the calibration graphs of Britton and Robinson (Trans. Faraday Soc., 1932, 
28, 531), although obtained with electrodes of the composition recommended by MacInnes 
and Dole, appear to indicate considerable changes in efficiency. Kahler and de Eds 
(J. Amer. Chem. Soc., 1931, 53, 2998) have drawn attention to the fact that the types of 
glass which yield satisfactory results are almost invariably those of high electrical con- 
ductivity, and that for electrodes blown from glass of a given composition those of low D.C. 
resistance, t.e., the thinnest membranes, always possess the highest efficiency and the lowest 
and most constant asymmetry potentials. Using thick-walled electrodes of high resistance, 
they found that the deviations from the theoretical. E.M.F.—pg relationship disappeared 
when exposed surfaces were coated with paraffin or other non-hygroscopic insulating media ; 
on the other hand, when the coating consisted of an acid electrolytic solution the deviations 
increased. 

It is well known that electrical leaks which shunt the glass cell seriously affect the 
measurements by producing polarisation (MacInnes and Belcher, ibid., p. 3315); it is 
perhaps not generally appreciated, however, that even in the absence of significant polarisa- 
tion, electrical leakage inevitably leads to distortion of the E.M.F.—q graph and to the 
creation of apparent asymmetry potentials of appreciable magnitude. The observed or 
experimentally determined E.M.F. of the glass electrode is not its true potential £, but a 


* Analyses by Warburg of spirographis hemin agree well with those of oxorhodoporphyrin, but the 
compounds have different spectra. 





on the Electromotive Behaviour of the Glass Electrode. 257 


lower potential e, the value of which depends on the relative magnitudes of the resistance 
R of the membrane and the “ parallel leakage resistance” 7 of the system. The last term 
includes the input D.C. resistance of the potential-measuring instrument, the surface 
leakage of the electrode from the outer to the inner surface, and also any other stray 
leakages, e.g., those over the surfaces of supporting clamps, which are electrically in parallel 
with R. The relationship between the true and observed E.M.F.’s is E/e = (R + r)/r and 
the percentage error in the determination is 100(E — e)/E = 100R/(R + 7). To obtain an 
accuracy of 0-1°% we must have ry > 108R, so for an electrode of average resistance (about 
100 megohms) the parallel leakage resistance should be at least 10 ohms. The slope of 
the experimental calibration graph, and the apparent efficiency, are 0-0001983T7/(R + r) 
and 1007/(R + 1) respectively for an electrode having a true efficiency of 100%, from which 
it appears that if R = r (to cite an extreme case) the slope of the curve will be halved, #.e., 
the electrode will display an apparent efficiency of 50%. The experimentally determined 
asymmetry potential E — e = RE/(R + 7) is similarly affected by the parallel leakage 
resistance of the system. Any procedure, such as treatment of exposed surfaces with 
electrolytic solutions (as in the experiments of Kahler and de Eds), which tends to reduce 
the resistance of the leakage paths, increases these irregularities; on the other hand, if the 
insulation of the system be sufficiently improved by the application of non-hygroscopic and 
non-conducting media, the deviations disappear. 

Under certain conditions the instrument used for measuring the potential may itself be 
responsible for distortion of the E.M.F.—py graph. Occasionally the input impedance of the 
potential-measuring device (e.g., the insulation resistance of the condenser used in a 
ballistic system, or the grid-filament impedance of a valve potentiometer in which valves of 
the ordinary type are used) may be as low as 10,000 megohms; the error in the determina- 
tion, for an electrode having a resistance of 100 megohms, is then of the order of 1%, and 
the slope factor is altered by a corresponding amount. The calibration graphs of Britton 
and Robinson (loc. cit.), which show diurnal rotation around the mid-point, undoubtedly 
owe their peculiar form to the system of measurement. The method (J. Sci. Insér., 1930, 
7, 187) is a modified ballistic system in which, to obtain high sensitivity, advantage is taken 
of the fact that the charge of a condenser follows a logarithmic decrement law. By means 
of the exponential theorem it may be shown (J., 1932, 2469) that if a condenser of sufficiently 
large capacity be used, the average charging current for time ¢ is 1 = e/R, and the accumu- 
lated charge is thus 9 = e¢/R = rt(K + 0-00019837P,)/R(R + 17), where K is a constant. 
Hence the slope of the experimental calibration graphs of Britton and Robinson is 


Ad /O>u = 0-0001983T . ts/(R2/r + 1), 


where d is the observed deflexion and s the ballistic sensitivity of the galvanometer. As 
the denominator of this expression contains a term in R?, it is clear that small daily varia- 
tions in the resistance of the membrane, due to spontaneous changes or temperature 
fluctuations, will lead to considerable changes in slope. Moreover, the experimental 
graphs will tend to oscillate around the mid-point, since at the latter point the E.M.F. of 
the type of cell used by Britton and Robinson passes through zero and is unaffected by the 
changing values of R. By inducing artificial changes in R the writer has obtained a family 
of curves identical in form with those of Britton and Robinson. Although this modified 
ballistic system provides a convenient and accurate means of translating glass-electrode 
potentials into py values, very careful temperature control is necessary, and in this respect 
the system is inferior to a well-designed thermionic electrometer. 

The consequences of the simple electrical theory discussed above have been confirmed 
by experiment. It is not, of course, suggested that all irregularities in the electromotive 
behaviour of the glass electrode may be accounted for in this way, or that the composition 
of the glass is unimportant except in so far as it affects the resistance of the membrane. 
It is well known that mere traces of certain metallic impurities may exert a significant 
influence on the electrode potential and conductivity, and the unsatisfactory results 
occasionally obtained with glass of the composition recommended by MacInnes and Dole 
may in some instances be due to accidental contamination during manufacture. In the 
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experience of the writer the high-conductivity glass now commercially obtainable is not 
always above suspicion in this respect, since electrodes blown from different samples of the 
commercial material differ appreciably in their electromotive behaviour. 


EXPERIMENTAL. 
The cell used was of the type 


Reference solution Test Saturated 
ad ee ne | Glass solution | KCl-HgCl | Hg 


the E.M.F. of which (the asymmetry potential being ignored) is identical with that of the cell 


Test solution | Saturated 
Pt | Quinhydrone | KCl-HgCl | Hg. 


The electrode, of the bulb type, was blown from glass of the composition recommended by 
MacInnesand Dole. In making this glass the author prefers to remove the melt from the furnace 
before all carbon dioxide bubbles have been expelled: when bulb electrodes are blown from 
glass containing minute bubbles, the latter expand into circular or oval areas which appear as 
iridescent patches (showing interference colours) in the relatively thick wall of the bulb, The 
D.C. resistance is then frequently as low as 5 megohms, and the electrode invariably has an 
efficiency of over 99%; however, for the present purpose electrodes of higher resistance were 
deliberately selected. The stem of the electrode was approximately 0-5 m. long (ensuring a high 
ratio y/R) and was supported, at its base only, by an orca-insulated clamp. 

To investigate the cause of the anomalous results of Britton and Robinson, a family of curves 
was obtained, at temperatures ranging from 18° to 25°, by the modified ballistic method used by 
these authors. The capacity of the condenser was 1-5 microfarads and the charging period 15 
seconds. Two solutions were used for purposes of calibration, viz., M/20-solutions of (a) 
potassium hydrogen phthalate, and (6) borax.* At the same time direct measurements of the 
E.M.F., of the system were made by means of a thermionic electrometer (J. Sci. Instr., 1932, 
9, 289). The data obtained by the two methods are recorded in Table I. 


TABLE I. 


TOMD.. coosccccccececocsescsccsscccocscccesassseccessesece 19° 20° 33° 25° 
Defiexion, mm.: Solution (a) .... ani 68 72 81 114 
b —25 —27 —3l —44 


” ” ” ) 
E.M.F., mV.: Solution (a) 218 216 212 208 
(b) —85 —88 —92 —97 
17°7 18°8 21-2 30°0 
dE /opu 57°5 57°8 58-0 58°4 
Theoretical slope factor (mV/px) ; 57°9 58°1 58°5 59°1 


The ballistic calibration graphs, like those of Britton and Robinson, exhibit rotation around 
the mid-point, the angle of rotation increasing rapidly with rise of temperature. From Table I 
it will be seen that, whereas the slope 0d /0p, of the calibration graphs obtained by the ballistic 
method increases by 86% for a temperature rise of 7°, the corresponding change in the slope of 
the true E.M.F.—pq graph is only 2%, and is, moreover, in good agreement with the theoretical 
value for the hydrogen electrode. It is clear that no reliable conclusions can be drawn as to the 
constancy or otherwise of the electrode efficiency from the results of ballistic measurements 
unless the temperature control be accurate to about + 0-01°. 

The diminished slopes of the graphs obtained at the lower temperatures by the ballistic 
method are due to the decreasing conductivity of the membrane, which acts as a limiting factor 
to the charge received by the condenser. The resistance (determined by the method of 
MacInnes and Dole, Joc. cit.) of the electrode used in these experiments decreased from 166 
megohms at 18° to 0-26 megohm at 95°. The resistance—-temperature curve (see fig.) attains 
its maximum slope at temperatures in the neighbourhood of 18°, and in this approximately 
linear region the resistance diminishes by about 6% of its value at 18° for 1° rise in temperature. 
At lower temperatures the conductance approaches zero; for this reason the ballistic method 
has been found to be useless in the investigation of problems connected with refrigeration. It 


* These solutions have the advantage over other standards that the ratio of acid to base is fixed by 
the composition of the crystals and not by adjustment of the ratio of the components. Walbum (Bio- 
chem, Z., 1920, 107, 219) has determined the pg values for M/20-borax solution over the temperature 
range 10—70°; that for the phthalate solution was assumed to be constant over the range 18—25°. 
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is essential in work of this nature to use a quadrant or valve electrometer as null-point indicator, 
and exceptional precautions must be taken to guard against leakage and electrostatic disturb- 
ances. On the other hand, in metallurgical and other researches at elevated temperatures it has 
been found possible to simplify the technique of glass-electrode measurements by substituting 
a reflecting galvanometer of moderate current sensitivity for the thermionic or quadrant 
electrometer. 

Finally, a few experiments were carried out to determine the influence of leakage on the 
apparent efficiency of the glass electrode. Solutions (a) and (b) (above) were used, and the 
potential of the cell—the resistance of which was 86 megohms at 18°—was measured by means 
of a thermionic electrometer having an input impedance of the order of 10'* ohms. The effect 
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of leakage on the slope of the E.M.F.—py graph is illustrated by the data of Table II, which were 
obtained by shunting the electrode system with resistances varying from 164 to 7400 megohms. 
These resistances (the approximate values of which were determined by connecting each in turn 


TABLE II. 


Shunt resistance, r (MQ) 287 435 737 1580 7400 foe) 
E.M.F., Solution 171 185 203 210 221 223 
(d) —6l — 66 —69 —73 —77 —78 
Apparent slope, 0e/Opu , 44°1 47°6 51°6 53°7 56°5 57°1 
efficiency (exptl.), % P 76°3 82°5 89°4 93-1 98-0 99 
a (calc.), % ; 76°9 83°5 88°3 94°8 98°9 100 


in series with a battery of known E.M.F. and a galvanometer of known current sensitivity) were 
glass electrodes of zero E.M.F. In general, the potential of the shunted electrode tended to 
decrease slowly with time, apparently owing to polarisation; the potentials given in the table 
are those which were established immediately after the shunt had been switched across the glass 
cell, In measuring the resistances of the shunts, the switch (the contacts of which were insulated 
by substantial pillars of orca) was left in circuit, and the recorded values thus include the leakage 
across the switch contacts. The value of 99% obtained for the apparent efficiency of the 
unshunted electrode is probably a close approximation to the true efficiency, since the insulation 
of the system was of a high order. Shunt resistances of 7400 and 164 megohms reduced the 
apparent efficiency to 98% and 64-8% respectively. Calculated and experimental values for 
the apparent efficiency, 1007/(R + 7) and 1000e/57-70pq respectively, are in fair agreement. 
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It is clear from these experiments that, in fundamental investigations of the properties of the 
glass electrode, the only systems of measurement which can be relied upon to give true indications 
of the electromotive behaviour are those in which either the quadrant electrometer or the 
electrometer triode valve is used : other instruments distort the E.M.F.—pg graph to a greater 
or less extent depending on their input impedances, but may be made to yield satisfactory results 
in routine work provided that the conditions obtaining during calibration be maintained constant 
by suitable control of temperature and humidity. 


The author is indebted to the University of London for a grant from the Dixon Fund. 


CHELSEA POLYTECHNIC, LONDON, S.W. 3. [Received, November 20th, 1933.] 








65. Equilibrium Constants in Terms of Activities (Cryoscopic). 
Part III. The Dissociation of Quinoline o-Chlorophenoxide in 
Benzene and in p-Dichlorobenzene. 


By H. M. Grass, W. M. Mapaern, and (in part) FREDERICK HUNTER. 


A stupy has been made of the dissociation of quinoline o-chlorophenoxide, in the solvents 
benzene and #-dichlorobenzene, by methods precisely the same as those used in a similar 
study (J., 1933, 193, 1431) of pyridine o-chlorophenoxide. Each solvent forms a eutectic 
system with either quinoline or o-chlorophenol (see below) and this is a necessary condition 
for the present investigation. Bramley (J., 1916, 109, 469) has shown that quinoline and 
o-chlorophenol form an equimolecular compound and, as this may be expected to contain 
the same type of valency bond as the analogous pyridine compound, it is of interest to know 
if the complete heat of formation is the same for both substances. 

The activities of quinoline o-chlorophenoxide and its dissociation products have been 
calculated from freezing-point data, and values for the equilibrium constant, Ka, have been 
found; the latter have been used to calculate the heat of formation of quinoline o-chloro- 
phenoxide by the van ’t Hoff isochore (cf. loc. cit.). 

*“‘ Pure synthetic ’’ quinoline, after standing for 3 days over potassium hydroxide, was dis- 


tilled in the dark from barium oxide (Walton and Wise, J]. Amer. Chem. Soc., 1922, 44, 103) 
until the product was colourless. Other substances were as before (Joc. cit.). 





TABLE I. 
Activity coefficients for quinoline as solute. 


(M = Molar ratio of quinoline; AT = depression of freezing point.) 


Series 1. Benzene solutions. Series 2. p-Dichlorobenzene solutions. 
Mx10°. AT. yas Mx10°. AT. Ya- Mx10%. AT. yas Mx10%. AT. Ya- 
0-808 0°053° 0°995 11°03 0°702° 0-945 0879 0°043° 1:013 20°32 0-997° 1-063 
1-401 0-091 0-992 12°83 0-814 0-938 1996 0-098 1:022 21:74 1-064 1-062 
2-152 0-140 0-986 15°36 0°970 0-930 2-503 0-123 1:025 24:24 #=§+1-181 1-058 
2-961 0-192 0-981 1733 1-091 0°923 3°167 0-156 1:030 26°26 1-275 1°054 
3°744 0-242 0-976 19°52 1-226 0-918 4°582 0-226 1:039 28°20 1-364 1°051 
4058 0-263 0-975 22-11 1-382 0-909 5670 0-280 1:043 30°39 1467 1:048 
5-182 0°334 0-969 26°98 1678 0°898 7750 0-384 1°053 32°49 1563 1°045 
5775 0-372 0-968 30°25 1°874 0°890 9°740 0-483 1:059 36°77 1°761 1-040 


6°757 0434 0-963 34:12 2-101 0°880 11°45 0-568 1:063 39°41 1°881 1-035 
7415 0°476 0-961 38°38 2°356 0°873 13°46 0-667 1:°065 4486 2:127 1:027 
8308 0°532 0°956 44:74 2°726 0°860 15°94 0-788 1°:066 48:19 2°278 1:022 
9358 0°598 0°952 18°28 0-900 1:066 57°46 2-686 1-007 


Cryoscopic data for quinoline (Table I) and for equimolecular mixtures of quinoline and 
o-chlorophenol (Table II) were determined. 

We found that equimolecular mixtures give a minimum depression (cf. J., 1933, 196), showing 
maximum formation of quinoline o-chlorophenoxide, and we used such mixtures, prepared 
synthetically, in the solid form (m. p. 47-5°). Freezing-point depressions in p-dichlorobenzene 
were determined as before (J., 1933, 1431), but alumina was used to take up moisture in benzene 
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TABLE II. 


Equilibrium constants and activity coefficients for benzene and p-dichlorobenzene solutions of 
quinoline o-chlorophenoxide at molar ratio = M. 


(ya, ys, and yan = activity coefficients of quinoline, o-chlorophenol, and undissociated quinoline 
o-chlorophenoxide respectively.) 


(a) Benzene solutions. 


Mire. a1. ‘Re y: YA: YB- YAB- Mxie0®. aT. Ky y: ya: YB» YAB- 
0°552 0°069° 214:3 0-902 0°996 1-002 0-991 10°68 0°944° 220°3 0°421 0-973 1°014 0°724 
0°845 0°103 217°8 0°860 0-995 1-003 0-980 12°28 1-057 220-0 0°395 0°971 1-015 0-700 
1105 0-132 218-7 0°828 0-993 1-004 0-969 13°64 1:153 218°5 0°377 0°970 1°015 0°683 
1360 0°160 218°6 0°800 0:992 1-004 0-958 15°29 1-263 219°9 0°356 0°968 1-016 0°664 
1863 0-214 2144 0°755 0°990 1-005 0-936 16°70 1:357 219°5 0-341 0°967 1-016 0-650 
2°243 + 0°251 222-5 0°719 0-989 1-005 0-924 18°54 1°472 220-1 0°323 0°965 1-017 0-632 
3°047 0330 218°3 0°668 0-986 1-007 0-901 21:27 1-638 220-4 0°301 0-964 1-018 0-610 
3°841 0°403 220°0 0°623 0°984 1-008 0°876 24:22 1-814 222-0 0°280 0-962 1°019 0°588 
5°236 0°524 220°5 0°562 0-981 1-009 0°838 27°26 1-983 221-9 0-262 0-960 1-020 0°565 
6°398 0°627 219°6 0°522 0-979 1-010 0-806 30°28 2-149 221-3 0°247 0-958 1:020 0°545 
7605 0°713 222-3 0°486 0-977 1-011 0-781 34:28 2-366 221-4 0-230 0°956 1-021 0°523 
9078 0°827 221-6 0°452 0°975 1:012 0-754 


(b) p-Dichlorobenzene solutions. 


1300 0°124 37°64 0°964 1:°015 1-005 1-002 13°70 1-163 35°90 0°757 1:059 1-036 1-017 
1°702 0°162 37:20 0°955 1-018 1-008 1-003 15°70 1:307 36°39 0°732 1:062 1°038 1-012 
2°540 0°239 37°96 0°933 1°024 1-012 1-006 17°74 1°454 36°51 0°710 1:065 1:039 1-006 
3°388 0°316 36°34 0°917 1:029 1-015 1-008 19°45 1°574 36°85 0°692 1-065 1-040 1-001 
3°954 0°367 35°97 0°906 1-032 1-017 1-010 21:26 1°696 37-08 0-674 1:066 1:040 0-995 
4479 0°414 35°75 0°896 1°034 1-019 1-012 22718 1°759 37-02 0-666 1-066 1-040 0-991 
5131 0°470 36°04 0°883 1°039 1:020 1-014 24°31 1-899 37°15 0-647 1-066 1-039 0-982 
5°714 0°520 35°90 0°873 1-041 1-023 1-015 26°95 2-073 37°28 0°626 1-066 1:039 0-972 
6°732 0-605 36°17 0°854 1:044 1-026 1-016 29°71 2-251 37°36 0°606 1:066 1-038 0-962 
8648 0°764 35°94 0°824 1-049 1-030 1-018 32°67 2-431 37-71 0°585 1:066 1-038 0-950 
10°42 0-910 36°11 0-798 1°054 1-033 1-018 36°08 2-643 37°63 0°565 1-065 1-037 0-937 
12°28 1052 35°94 0°774 1:057 1:034 1-018 38°30 2°775 37°87 0°552 1:065 1-036 0-931 


Average values of K,: (a) (in benzene) = 219°8; (b) (in p-dichlorobenzene) = 36°74. 


solutions (Jones and Bury, J., 1925, 127, 1947). Concentrated (10%) solutions of quinoline or 
o-chlorophenol can be left in contact with alumina for 24 hours without any detectable variation 
of the f. p.’s of the solutions, and there is evidently no adsorption of these solutes on alumina. 

All depression results now reported were determined in an apparatus provided with a 
mercury-sealed stirrer and a guard tube containing phosphoric oxide to exclude moisture. 

Activity Coefficients—The results of the present work, summarised in Tables I and II; were 
obtained as previously (Joc. cit.), and the necessary values for ys, the activity coefficient of 
o-chlorophenol, are taken from earlier parts of this series of papers. Fig. 1 shows that, in 
p-dichlorobenzene solutions, all y, values and certain y,, values are greater than unity. Similar 
examples have been noted before (oc. cit.) and, in all cases, az values are generally lower than 
the corresponding yy, or yg, values. 

Heat of Formation of Quinoline o-Chlorophenoxide.—The average values of Kg (Table II) have 
been applied in the isochore (cf. J., 1933, 1431); whence Q = — 6800 cals., and the reaction is 
exothermal (7, = 277-7° and T, = 324-8°). This value for Q is the same as that found for 
pyridine o-chlorophenoxide (/oc. cit.). 

Related Binary Systems (with Frederick Hunter).—In this and earlier parts of this series, the 
two solvents, benzene and #-dichlorobenzene, have been used because each forms a binary 
eutectic system with any of the solutes quinoline, pyridine, or o-chlorophenol. Data for four 
of these binary systems are now reported; Fig. 2 shows the results. 

F, p.’s were determined by the usual thermometric cooling curve method, but the tem- 
perature at which solid first appeared was also observed, as an additional check, in many cases. 
This was rendered possible by the use of a transparent Dewar tube as container of freezing 
mixtures, 

Freezing mixtures were varied to suit the range of temperature involved with the various 
mixtures; water, ice—-water, ice-salt, and ether-solid carbon dioxide cover the entire range of 
temperatures (see Fig. 2). 

The system benzene—quinoline showed very pronounced supercooling, and it was necessary 


T 
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to inoculate it with the solid phase to obtain satisfactory freezing points (cf. Glass, Laybourn, 
and Madgin, J., 1932, 874). 

A mercury-in-glass thermometer (— 10° to + 60° by 0-1°) was used for temperatures above, 
and a toluene-in-glass thermometer (25° to — 80° by 1°) for those below 0°. The two thermo- 
meters were checked against each other over their common range and each was standardised 
against a thermocouple for the complete range. As an additional check, the f. p.’s of the pure 
components and the four eutectic mixtures have been determined with a thermocouple. 

The diagrams in Fig. 2 suggested that each system is of the simple eutectic type, and this was 
confirmed by the eutectic arrests, also shown in the Fig. Further support for these conclusions 

was obtained for those systems which 

Fic. 1. would be expected to deposit p-di- 

rT chlorobenzene as solid phase. In 
several instances the solid was isolated, 
pressed on a porous tile, and the m. p. 
of the residue determined (cf. Wood 
and Scott, J., 1910, 97, 1576). This 
m. p. was never more than 1° below 
that of pure p-dichlorobenzene (52-9°). 








DISCUSSION OF RESULTS. 





> 
& 


The values of Ka now reported 
for quinoline o-chlorophenoxide are 
very similar, both numerically and 
by reason of their consistency, to 
those already reported (loc. cit.) for 
pyridine o-chlorophenoxide. Extreme 
values in the present results differ 
from average values by only 2% for 
benzene and 3% for #-dichloro- 
benzene solutions. Thus there seems 
to be evidence of marked similarity 
between the two bases, pyridine and 
quinoline. 

The large differences between yp 
values in the two non-polar solvents 
VI benzene and #-dichlorobenzene (Fig. 
1; II and V) require comment. In 

02; 0-02 0-04 0-06 2 case where the activity is inde- 

Molar ratio,(M). pendent of temperature, the activity 
p-Dichlorobenzene solutions; I, II, and IV. Benzene coefficients would be expected to be 
solutions; III, V, and VI. I and III, quinoline (ya); I1 and almost the same in each of the two 


V, quinoline o-chlorophenoxide, undissociated (yan); 1V and : : 
VI, quinoline and o-chlorophenol together in solution (y). sateen oA ssc Bessy gee 


semi-ideal (Guggenheim, ‘“‘ Modern Thermodynamics,” London, 1933), and an example 
is to be found in the o-chlorophenol solutions already studied by us (loc. cit.). The 
Yan Values in the present work presumably refer to non-ideal solutions, since they 
show large variations with temperature changes and thus resemble quinoline solutions 
(Fig. 1, land III). The extents of such variations cannot be pre-determined but it would 
be expected that activity coefficients would approach unity on rise of temperature, the 
solutions thus becoming more ideal. 

The specific effect shown by #-dichlorobenzene, viz., enhancing the activities by com- 
parison with benzene solutions, has been referred to already (J., 1933, 1431). 

The heat of formation is identical (Q = — 6800 cals.) for the o-chlorophenoxides of 
both pyridine and quinoline; the heat value is for complete compound formation from 
g.-mol. quantities in the condition in which they exist in dilute solution. Probably this 
identity of heat of formation is due to some more fundamental cause than the similarity of 
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pyridine and quinoline, and there seems reason to suppose that the same type of valency 
bond occurs in both o-chlorophenoxides. Following Sidgwick (‘‘ Electronic Theory of 
Valency,”’ Oxford, 1927, p. 68), we may regard the nitrogen atom in each base as co-ordinat- 
ing the hydrogen atom in o-chlorophenol, and should expect the product to be dissociated 
in, ¢.g., benzene, into the original components, thus, [BN —~ HO-C,H,CI] == BN + 
HO'C,H,Cl. Therefore it would seem that the heat values now determined indicate the 
energy of formation of the co-ordinate link BN —~ HOR. 
We are continuing investigations similar to the present. 


Fic. 2. 
55° 


20 80 


40 60 
Component A, % by weight. 
Freezing point-composition diagrams. 

i 2 3 4 


A. p-Dichlorobenzene p-Dichlorobenzene p-Dichlorobenzene Benzene 
B. 0-Chlorophenol Quinoline Pyridine Quinoline 


E, 20% A (—0-4°); E, 125% A (—22-9°); E, 9% A (—44°9°); E, 33% A (—27-0°). 


SUMMARY. 

The true equilibrium constant, Ka = a43/a,4g, has been calculated for the dissociation 
of quinoline o-chlorophenoxide in benzene and in p-dichlorobenzene. Thus, two average 
values of Ka have been found for the two mean temperatures, T, = 277-7° and T, = 324:8°, 
and the van ’t Hoff isochore has been applied to calculate the heat of formation (? = — 6800 
cals.) of quinoline o-chlorophenoxide. Since pyridine o-chlorophenoxide has been shown 
(loc. cit.) to have the same heat of formation, an explanation of this equality has been 
suggested in terms of valency considerations. 


One of us (H. M. G.) is indebted to the Council of Armstrong College for a Pemberton Research 
Studentship. 


ARMSTRONG COLLEGE (UNIVERSITY OF DvuRHAY), 
NEWCASTLE-UPON-TYNE. [Received, December 29th, 1933.] 
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66. The Oxidation of Phosphine in Presence of T'ungsten and 
Molybdenum. 


By H. W. MELvILLE and H. L. Roxsurcu. 


In a previous paper (J., 1933, 586) we described the investigation of the kinetics of the 
thermal decomposition of phosphine on tungsten and molybdenum as a preliminary to the 
study of the oxidation at pressures below the lower critical explosion limit. The purpose 
of the present experiments was to determine if the oxidation was a chain reaction, the 
chains being started on the filament and terminated on the walls of the reaction vessel, as 
with phosphorus-oxygen mixtures (Melville and Ludlam, Proc. Roy. Soc., 1932, A, 135, 
315). Further, it was suggested, to account for the formation of red phosphorus in the 
decomposition, that P, molecules may evaporate off the filament. As it has been shown 
that such molecules initiate chains in phosphorus—-oxygen mixtures, it was expected that 
they might also provide reaction centres for the chain oxidation of phosphine. On the 
other hand, as oxygen is strongly adsorbed on a tungsten surface, it is possible that the 
decomposition of phosphine would be markedly inhibited, and that the phosphorus formed 
would undergo a purely surface oxidation without giving rise to chain-initiating molecules. 
Other possibilities are discussed below (p. 270). 

Three criteria exist whereby the chain character of the reaction may be determined, 
(a) the appearance of a glow, the intensity of which is proportional to the rate of oxidation, 
(5) the acceleration of the reaction by use of wider tubes, and (c) the acceleration produced 
by the addition of inert gases. These criteria are fulfilled in the oxidation of phosphorus. 
Suppose, however, that an appreciable part of the reaction took place on the surface of the 
filament, exclusive of the small proportion of the heterogeneous reaction required to start 
the chains; the glow would still be observed, but the rate of the reaction would no longer 
be proportional to the square of the reaction-vessel diameter, nor would the acceleration 
by inert gases be so marked. Owing to the variation in the condition of the surface of the 
reaction tube, it is sometimes difficult to verify the diameter law, and therefore in the 
present instance, the inert-gas effect has been used to determine what fraction, if any, 
consisted of a chain process. This acceleration by inert gases can be calculated from 
experiments on the effect of the gas on the lower explosion limit, for it has been shown in 
the phosphorus experiments (/oc. cit., p. 327) that the observed increase in velocity is in 
agreement with the value calculated from the diffusion theory. 


EXPERIMENTAL. 


The apparatus was identical with that described in the first paper, and the same type of 
divided filament was used to measure its temperature. The pressures which could be employed 
were, of course, now restricted by the occurrence of explosion at 1 mm. for the 1: 1 mixture. 
An oil manometer was used for the majority of the experiments. Both molybdenum and 
tungsten were apparently unattacked by the products of the reaction for, on examination of the 
filament surface by a microscope, no pitting or roughening could be observed, and the diameter 
remained the same throughout a long series of experiments. It was observed, however, that the 
activity of the wire gradually diminished with use, but could easily be restored by heating ina 
vacuum at about 1000° for a few minutes. Between each run, the filament was glowed at this 
temperature, and it will be shown below that this procedure renders the results reproducible 
within fairly close limits. 

A difficulty appears when the method of measuring the rate of reaction is considered, for the 
nature of the products depends on the relative proportions of the phosphine—-oxygen mixture. 
When oxygen is in deficit, the reaction is mainly PH, + O,——> HPO, + H,, whereas with a 
large excess a more highly oxidised phosphorus acid is obtained and the amount of hydrogen 
produced is not proportional to that of oxygen used. With equivalent proportions, the rate 
might be measured by finding the decrease in phosphine or oxygen pressure, or alternatively, the 
increase in hydrogen pressure. In addition, as HPO, has an inappreciable vapour pressure as 
measured by the oil manometer, there will be a decrease in pressure during the reaction which 
may also be used as a measure of its extent. To find which of these methods would prove most 
suitable, analyses were made of the phosphine-hydrogen—oxygen mixtures at various stages in 
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the reaction and with different proportions of phosphine and of oxygen. The phosphine was 
removed with liquid air, and the hydrogen—oxygen mixture withdrawn by the Tépler pump into 
a small tube fitted with a platinum filament and containing calcium chloride. The filament was 
heated until there was no further pressure change. Oxygen was then added and another 
combustion made in order to determine whether the residual gas after the first combustion was 
hydrogen or oxygen. 


TABLE I. 


Temp. of filament, 836° K.; * length, 15 cm.; diam., 0-01 cm.; vol. of apparatus, 
230 c.c.; press. in mm. Hg. 


Final 

Pras: Pos- press. Ap. Puc.-T ASprn;- Pu,- Pos: 
0°405 0-200 0°567 0-038 0°200 0°037 0-089 0°110 
0°400 0-199 0°544 0-055 0°212 0-068 0°136 0°076 
0-409 0-188 0°531 0-066 0°231 0°109 0°159 0°073 
0-409 0-197 0°517 0-089 0-286 0°178 0°220 0-066 
0-412 0-098 0°497 0-013 0°105 0-020 0-062 0°042 
0°416 0°097 0°494 0-019 0°133 0°055 0-089 0°044 
0-400 0-097 0-476 0-021 0-160 0°084 0-119 0-041 
0°409 0°097 0-486 0-020 0°221 0-144 — — 
0-413 0°784 0°874 0°322 0-660 0-198 0°196 0°466 
0-416 0-778 0°756 0°443 0°611 0°276 0°181 0°429 
188 0°411 0°768 0-628 0°551 0°557 0°340 0°215 0°342 
189 0-411 0°753 0°582 0°582 0°546 0°375 0°230 0°316 


The measured reaction velocity is due to both filaments. 


* Temperature of the central portion of the long filament. 
t px.c. = Press. of non-condensable gas. 


Expt. No. 
176 
177 
180 
179 


181 
182 
183 
184 


186 
187 


OPN DRI K CORD ™ 


Table I gives the complete results for a number of runs with a molybdenum filament, time 
(t) being expressed in minutes. The procedure was as follows: Phosphine was passed into the 
reaction tube and its pressure measured ; this was followed by oxygen; the filament was heated 
for the required time, and the pressure again determined. Liquid air was applied to a small 
side tube to condense the phosphine in order to find the pressure of hydrogen and oxygen. As 
the vapour pressure of phosphine at liquid-air temperatures is only 0-007 mm., the pressures 
read on the manometer were reduced by this amount. Suitable small corrections were also 
applied to the observed pressure of non-condensable gas owing to cooling of the side tube in which 
the phosphine was frozen out. Ap is the change in total pressure and Appy, the decrease in 
phosphine pressure calculated from the manometer readings. Unfortunately, the analysis of 
the hydrogen—oxygen mixtures was not very accurate, for after compression into the combustion 
bulb, the pressure was only about 10 mm. or less; the results are probably only accurate to 10%. 

Had the reaction proceeded according to the equation PH, + O,—>» H, + HPO,, the 
pressure of non-condensable gas should have remained constant, whereas, as can be seen from 
Table I, it increases to about double its value when the oxygen pressure is one fourth that of 
phosphine (Expts. 181—184). In experiments 176—179, where the oxygen pressure is one half 
that of phosphine, py.c, does not increase so quickly, and finally, when O,: PH, = 2:1, pyo, 
actually decreases. In the first case then, there must be some decomposition of the phosphine 
accompanying the oxidation, and in the last, part of the hydrogen will probably be oxidised 
to water. These conclusions are supported by the hydrogen—oxygen analyses, for in Nos, 181— 
184 the value of py, increases during the course of the reaction, but in Nos. 186—189, i.¢., with 
po, high, although po, steadily falls there is no corresponding increase in pg,. It is evident that 
the decrease in total pressure (Af) cannot be used as a measure of the rate of reaction. This can 
best be seen in Expts. 181—184, where Ap remains almost constant after 2 minutes, although 
the change in the pressure of phosphine shows that the reaction is still proceeding. 

The best measure of the rate of reaction would appear to be the change in the phosphine 
pressure, with the reservation that, in comparing the rates with different proportions of phos- 
phine and oxygen, the initial rate would probably be a better approximation than determining 
the time required for a definite fraction of the phosphine to react. 

For comparison, a similar set of experiments with a tungsten filament is given in Table II. 
The results are essentially similar; even with a 1 : 1 mixture, there is no very close correspond- 
ence between Ap, Apfps,, and pg,, which would be the case if hydrogen and HPO, were the only 
products. In subsequent experiments to determine the kinetics of the reaction, analysis of the 
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mixture was effected by condensing out the phosphine, after which the side tube was warmed, 
and a short time (5 mins.) allowed for the gases to mix completely before the current was started 
in the filament again. 


TABLE II. 
Temp. of filament 768° K. Dimensions as in Table I. 


Final 
Prn,: Poy press. Ap. Pn.c. Appn,- Pu: Pos: 
0°397 0-401 0°734 0-064 0°382 0-045 0°047 0°335 
0°405 0-401 0°709 0:097 0°367 0:063 0:075 0°292 
0°403 0-400 0-591 0°212 0°358 0°170 0°132 0-226 


0°397 0°159 0°535 0-021 0°167 0:029 0-032 0°135 
0-402 0-160 0°530 0-032 0°168 0-040 0-081 0-087 
0°397 0-159 0-499 0°055 0°184 0-080 0°122 0-061 
0°411 0°747 1-087 0-071 0°742 0-066 0-114 0-628 
0-409 0°743 1-003 0-149 0-720 0-126 0-176 0°543 
0°407 0°745 0°955 0-198 0-706 0-158 0°237 0-469 


Expt. No. 
232 
233 
234 


235 
236 
237 


238 
239 
240 


COrM DRI DRDO 


In Table I, the pressure of phosphine remained constant and that of oxygen was varied; in 
Table III, some additional runs are recorded as well as a decomposition run in order to find by 
how much the rate of oxidation was faster than the decomposition. Table IV gives a number of 
experiments in which the pressure of oxygen remained constant and that of phosphine was 
varied. 


TABLE III. 


Same experimental conditions, molybdenum filament. 


+425: . ’ , 0 : , 0°095. 

i 0°42 ; Po, 9°406 ' Pru, 0 madd Po,, 9°09 pemy, 0°403. 
p. Prus- Appx;- p. Pru: Appn;. Appu;.- 

0°831 0°425 — 0-498 0°403 — 
0°702 0°336 0-089 0-488 0°373 0-030 0-020 
0°635 0°283 0°142 0°476 0°349 0°054 0°028 
0°574 0°224 0°201 0-466 0°310 0-093 0-061 
0°515 0-151 0°274 0°464 0°265 0-138 0°137 








‘ 


TABLE IV. 


0-114 0-200 0-782 0°397 
0°376 0376 0°372 0°371 


A AW. ote 





c ‘ € ‘ 


p. = Pras: Aprny- . Pras: Abra Pp. = Prus- praing Pp. Pry Appn,- 


0-490 0114 — ‘ 0200 — 1154 0-782 — 0°768 0397 — 

0°432 0°084 0-030 “4! 07105 0°095 1:099 0:704 0-078 0-653 0-298 0-099 
0397 0-058 0°066 , 0:057 0°143 1050 0°653 0°129 0°596 0°244 0-153 
0°350 0°034 0-080 : 0°017 0°183 1005 0°572 0210 0°543 0-189 0-208 
0°326 0-021 0-093 _ _— 0961 0468 0314 0°495 0°132 0°265 


These data are plotted in Figs. land 2. In the former, the initial rate (R), the initial rate 
minus the rate of decomposition of phosphine (R — R,), and the quantity 1/t — 1/t, (+ is the 
time required for Apps, to reach 1-0 mm. and t, that for the decomposition) are plotted against 
po, The three methods of plotting the results give closely parallel curves and it may be con- 
cluded that the order with respect to the oxygen pressure is two, since on plotting 1/r — 1/t, 
against 3, the line obtained is straight. Inspection of Fig. 2, where Appa, is plotted against 
time for three different pressures of phosphine, shows that the order is nearly zero. Unfortun- 
ately, the kinetics cannot be extended to higher pressures owing to explosion. 

During these experiments, it was observed that a faint glow accompanied their progress. 
There was thus an indication that part of the reaction was homogeneous. In Table V, therefore, 
three runs are given using the same pressures of phosphine and of oxygen; in Expt. 201, argon 
was present from the start, in Expt. 202 it was added after 3 mins.; Expt. 203 is a run without 
argon. In all cases, as the decrease in the pressure of phosphine shows, there is no change in 
rate, and therefore an appreciable portion of the present reaction cannot be a chain process, 
since argon does accelerate the photochemical oxidation (Melville, Proc, Roy. Soc., 1932, A, 138, 
389) below the lower limit. 
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Experiments were also made at total pressures of the order of 0-1 mm., but again no acceler- 
ation by inert gas could be observed. The homogeneous reaction which is responsible for the 
appearance of the glow can only form a very small part of the total. This is consistent with the 
fact that the intensity of the glow is even less than that in the oxidation of phosphorus, where 
the rate of oxidation was about 0-1 of that obtaining in the present experiments. 
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Temperature coefficient. In order to ensure an accurate comparison, the apparent energies 
of activation (E) of the oxidation and decomposition were measured with the same specimen of 
wire, the one immediately after the other. The results are in Table VI, T being the absolute 
temperature. 
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Tungsten Filament.—The above experiments show that oxygen does not displace adsorbed 
phosphine from a molybdenum surface, since the rate of reaction is almost independent of ppg, 
thus agreeing with the data on the decomposition. With tungsten, however, the decomposition 
at pressures of the order of 1 mm. is unimolecular, and therefore it might be expected that the 
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TABLE V. 


Molybdenum filament ; temp. 836° K. 


Expt. 201. Expt. 202. Expt. 203. 
0-409 0-424 0-424 
0-380 0-375 0-375 
0-512 0-603 ps 


a. ~. A. 
cr ‘ 


Prot.: Prus: Aprn,- Prot.-* Prnsy- Prus: 
1-301 0°409 —- 0-799 0°424 0°424 
1°204 0°303 0-106 0-689 0°327 0°330 
1127 0°252 0°157 0°635 0°277 0°274 
_ -- _ 0°606 0°248 0°241 
1-082 0-208 0-201 0-588 0-210 0°220 
_ — ~- 0°566 0°203 0°199 
_ -— _ 0°547 0-169 0-178 
1-033 0-158 0-251 — — ~ 


* Pict. does not include the pressure of the argon. 
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TABLE VI. 


Expt. No. Prn;- Po;: ae log eT s/a- logieT y2- EF (kg.-cal.). 
286 0-412 0°426 720° 1-699 — 
285 0°426 0-416 691 0-230 — 
284 0-424 0-402 665 0-591 -— 
287 0°417 0-439 651 0-699 — 


288 0:420 878 0-231 
289 0-420 836 0°505 23-8 
290 0°420 793 0°820 
291 0°420 758 1159 


Ty, is the time for 25% reaction, i.e., for the consumption of 25% of the PH;; Ty, is that for 
50% reaction. 


total order of the oxidation reaction would be 2 if the oxygen is not strongly adsorbed. The 
variation in rate with ppy, and Po, is given by the data in Table VII; the method of gas analysis 
was exactly the same as that adopted with molybdenum, including the glowing of the filament 
between the runs in order to obtain reproducible results. 


TABLE VII. 


Tungsten filament ; temp. 768° K. 


Expt. 221. Expt. 222. Expt. 223. 
Pru, 0°404; po., 0-411. Pex, 0-403 ; Po» 0°245. Prus, 0°403 ; Po» 0-084. 








Ap. Pru Apru,- p. Ap. Pens Aprns- p. Ap. prus 4prn;. 
— 0404 — 0°64 — 0°403 —_— 0°48 — 0°403 — 
0°035 0381 0°023 0°626 0°022 0-388 0°015 — — oa —- 
0°076 0352 0-052 0°603 0°045 0°367 0-036 0°477 0°010 0°883 0-020 
0°126 0°323 0-081 0-569 0-079 0°337 0°-066 0-470 0-017 0°363 0-040 
0°198 0-272 0°132 0°526 0°122 0-297 0°106 0-461 0°026 0°333 0-070 


Expt. 224. Expt. 227. Expt. 228. 
Prny, 0°413; Pog, 0°819. Pruy, 0°127; po,, 0°412. Pruy, 0°262; po,, 0°411. 


= . 


1232 — 0°413 








a % 


— —_ 0673 — 0262 — 
1:163 0-069 0-371 0°042 — — — 0°636 0°037 0°254 0-008 

— _ — — 0-483 0°056 0-101 0-026 0°607 0°066 0°223 0-039 
1:020 0212 0°269 0:144 0-449 0-090 0-081 0-046 0°564 0°107 0°190 0°072 
0°892 0340 0-184 0°229 0398 0:141 0-051 0-076 07506 0°167 0°147 0-115 


Expt. 230. Expt. 225. 


Pru, 0°812; po,, 0°398. Pru, 0°420; po,, —- 
1210 — 0O812 — 0-420 
1:190 0-020 0-786 0-026 _— 
1159 0°051 0°737 0-075 0°407 
1123 0°087 0-712 0-100 0-398 
1061 0°149 0°649 0163 0°368 


0-539 


0°127 
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The data of Table VII are plotted in Fig. 3. Curve I is the R-/o, graph, and II the (R — R,)- 
po, gtaph. The rate is nearly proportional to po,, contrasted with the bimolecular course found 
for molybdenum. Curve III is for various phosphine pressures, and here the order is less than 
unity, since the initial increase in R is not maintained, but gradually falls off. If log R be plotted 
against log ppg,, the slope of the line is 0-5, and therefore R ~ pifjy,. 

The effect of argon was also investigated, to see if there was any measurable chain reaction, 
as a faint glow was observed in these experiments. Again, however, no acceleration could be 
detected, so that the reaction must occur almost entirely on the surface. The pressures employed 
were 0-4 mm. of phosphine and of oxygen and 0-5 mm. of argon. 

Temperature coefficient. In Table VIII, data are given for the oxidation and decomposition 
at a number of different temperatures. It will be observed that although the rate of oxidation 
is not much faster than the decomposition, yet the fact that the pressure of non-condensable 
Bas (Pict. — Pru,) decreases a little, shows quite definitely that there is very little decomposition 
accompanying oxidation. 

Fic. 3. 








Zo 


Pen, fi é) . 
ae 





vg 





> 
8 


eae | 





02 04 0-6 08 
Pen, % Po, ™- 
































Rate,mm. per min(& 


S 





S 


Two further efforts were made to induce the initiation of chains. A silica and also a Pyrex 
filament replaced the tungsten one, but although the rate of oxidation was greater than that of 
the decomposition, no acceleration by argon was observed. Finally, owing to the fact that 
phosphine raises the lower oxidation limit of explosion of phosphorus—oxygen mixtures 
(Melville, Trans. Faraday Soc., 1932, 28, 314), phosphorus vapour was added to phosphine— 
oxygen mixtures in the hope that, since a reaction occurs on the surface which leads to the 
evaporation of a molecule capable of starting the phosphorus—oxygen chains, the same molecule 
might provide centres for the phosphine reaction. There was, however, no acceleration of the 
reaction; indeed, a slight retardation was found. The pressure of phosphorus vapour did not 
exceed 0-030 mm. 

TABLE VIII. 


(D = Decomposition; O = oxidation; Ep = 24°3 kg.-cals.; Eg = 21°8 kg.-cals.) 


Temp., K. 931°. 879°. 833°. 768°. 
D. D. O. D. O. Dz. 0. 
Sas ’ ds RED, oF ene WO Ra a 
Pru: Prt. Prue Prus- Prot. Pru Prot. Prue 
0°399 0°794 0°399 0-400 0°795 0°404 0°788 0°397 
0°328 0°699 0°310 0-716 — 0°755 0°371 
0°263 0°621 0°239 — 0°659 0°398 0-726 0-351 
0-158 0°527 0°153 0°576 0°382 0°672 0°302 
— — -- 0°467 0°362 0592 0°230 


D. 
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A peculiar observation with regard to the deposition of red phosphorus was made after a 
number of oxidation experiments had been carried out. The walls of the reaction tube opposite 
the filament were covered by a fairly uniform layer of HPO,. When phosphine was decomposed 
on the filament, the red phosphorus was not deposited on top of the acid film but at the extreme 
ends of the tube, where there was little HPO,. The phosphorus molecules (P, as suggested 
before) are apparently efficiently reflected from an HPO, surface but are relatively easily 
condensable on a silica surface. 


DISCUSSION. 


Since the orders of the decomposition and oxidation of phosphine on molybdenum with 
respect to the phosphine pressure are nearly the same in the pressure region where com- 
parison may be made, it would appear that oxygen is unable to displace adsorbed phosphine. 
Oxidation, then, probably occurs by the impact of molecular oxygen on a phosphine- 
covered filament. When the oxygen pressure is equal to or less than that of the phosphine, 
and where analysis of the gas mixtures indicates the production of HPO,, the simplest 
mechanism which may be postulated is the following: Phosphine is decomposed step by 
step on the molybdenum surface, Mo — PH; —> Mo — PH, —> Mo — PH —> Mo — P, 
the PH,, PH, or P remaining strongly adsorbed until there is reaction between adjacent 
radicals to yield P, and H,, which evaporate. During the progress of this series of reactions, 
an oxygen molecule may collide with a PH radical to form HPO,. If the oxygen pressure 
is very small, the probability of reaction is so small that most of the phosphine is decom- 
posed directly into its elements; on the other hand, if this pressure is large, the phosphine 
would seem to be attacked before the intermediate steps in its decomposition take place, 
for the decrease in pressure of non-condensable gas points to the production of a highly 
oxidised molecule such as phosphoric acid. It may be that it will then be necessary for 
two oxygen molecules to collide in close proximity to one phosphine molecule in order to 
effect this oxidation, in which case the reason for the bimolecular nature of oxidation would 
become clear. Why the reaction should follow a bimolecular course when only HPO, is 
formed is not, however, obvious. 

A somewhat similar mechanism would also apply to the reaction on tungsten filaments ; 
but there are deviations; for example, the order of the reaction with respect to phosphine 
pressure is not unity as in the decomposition experiments. This is possibly due to the 
fact that since phosphine is not so strongly adsorbed on tungsten as on molybdenum, 
oxygen is able to hinder the increased degree of adsorption necessary to maintain uni- 
molecular characteristics. With tungsten, therefore, the oxidation probably occurs by 
the interaction of adsorbed phosphine or its intermediate products of dissociation and 
oxygen adsorbed on the metal surface. 

In spite of these two slightly different methods of oxidation, the possibility of the 
evaporation of a molecule capable of starting a chain in the gas phase must be very small. 
Even when po, is much less than fpy, and there is a chance of the evaporation of P, mole- 
cules, there is no homogeneous reaction. The experiments with phosphorus vapour 
likewise indicate that the carriers in the phosphorus reaction cannot induce reaction in 
phosphine-oxygen mixtures. In this case, of course, the ejection of carriers may be 
interfered with by phosphine itself. Some such action is not altogether unexpected in 
view of the fact that phosphine has the unique property of raising the lower explosion limit 
of phosphorus vapour. Another point emerges from these experiments; HPO, molecules 
when evaporated from a hot filament are incapable of reacting with oxygen to yield suitable 
chain carriers. The difference in the phosphine and phosphorus reactions must therefore 
be due to the behaviour of these molecules on the surface of the catalyst. In the former, 
the intermediate products of dissociation, which are undoubtedly reactive and suitable for 
chain propagation, as is shown by the photochemical experiments, are so strongly adsorbed 
to the metal surface that they are unable to evaporate before attack by oxygen. The faint 
glow that is observed may be due to a very small fraction of these being able to escape from 
the surface. In the latter reaction, on the other hand, the only intermediate product is 
probably P, (the filament is hardly hot enough for phosphorus atoms to be present in any 
quantity ; compare Preuner and Brockmoller, Z. physikal. Chem., 1913, 81, 159), which can 
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be easily and quickly desorbed from the surface before the arrival of oxygen molecules. 
On a platinum filament, where the reaction takes place wholly on the surface, the fact that 
the rate is of zero order with respect to the concentration of phosphorus vapour, shows that 
adsorption is very strong. An oxygen molecule has therefore a good opportunity of 
reacting with adsorbed phosphorus. 

It has been shown (Fig. 3) that the rate of oxidation on molybdenum is somewhat faster 
than the decomposition at 836° K. If, however, the velocity measurements could be 
extended to a much wider range, it would be observed, since Eo > Ep, that (a) at temper- 
atures higher than 836° K., the rate of oxidation would become very much greater than the 
decomposition, (5) at temperatures less than 836° K., the decomposition would become the 
preponderant reaction and the oxygen would be without effect. It is remarkable that for 


tungsten Eo = Ep. 
The Effect of Atomic Hydrogen on the Catalytic Decomposition of Phosphine and Ammonia. 


In the photochemical experiments on the decomposition of phosphine, it was shown 
that atomic hydrogen can react with the transitory intermediate products of the dis- 
sociated molecule to re-form phosphine; similar effects were obtained with ammonia 
(Melville, Trans. Faraday Soc., 1932, 28, 885).* It was suggested that the inhibition was 
due to the reaction H + PH,(NH,) —> PH,(NH;), occurring at the walls of the reaction 
tube. If the decomposition of these molecules on the surface of a filament takes place in 
stages with the production of surface compounds of the nature W—PH, or W—PH, then 
it should be possible, in principle, to bombard the filament upon which phosphine or 
ammonia is being dissociated and so retard the rate of decomposition. The result of such 
an experiment is a little difficult to interpret for phosphine since there is the possibility of 
the reduction of the phosphorus in the gas or at the walls before condensation to the red 
modification. 

The experimental procedure was similar to that employed in the photochemical experi- 
ments, the atomic hydrogen being produced by collision of the gas with an optically excited 
mercury atom. The reaction tube in Fig. 1 of the first paper (/oc. cit.) was replaced by one 
of silica 2-5 cm. in diameter, whilst the filament assembly remained the same. It was not 
possible to use the oil manometer with ammonia as this gas dissolved very rapidly in the 
oil; nor could nickel be used for phosphine owing to disintegration of the filament. 


TABLE IX. 
Filament Time Filament Time 
and con- of and con- of 
Gas. ditions.* expt. x.f Pu, Apx. Gas. ditions.* expt. px.f pa, Apx. 
PH; Mo; L 5 0-286 0°636 0°124 iim Ws & 2 1-84 3°66 0°87 
L+F 0-292 0-636 0189 ; (0°93) 
(0°472) F 2 191 3°59 0:09 
F 0295 0°633 0°248 F+L 1-96 3°60 0°84 
NH, Mo; F 2-06 4:06 1°44 NH, Ni; F 1-87 3°74 0°29 
L 1°83 4°20 0-00 F+L 1°95 3°57 0°15 
L+F 1-83 4°20 0:90 Nk 1:95 3°57 0:00 
PH, Mo; F 1-92 5°58 1-62 W; L+F 0-278 0°582 0°153 
F+L 1-92 5°38 114 (0-234) 
(1°69) } a 0-298 0°580 0-048 
Zz 
NH, W; L 
F 
F+L 


ago 


177 =5'88 = (0:07 F 0-283 0°582 0°186 
1-93 4:02 0-01 ke 0-308 = 0-111 
155 3:93 0°78 
191 3°72 0°56 
(0°79) 
* [= Lamp, F = filament. The figures in parentheses refer to the amount of gas decomposed 
by the lamp and the filament when used separately. t bx = pyu, OT pru,. 


An inspection of the results (Table [X) shows that in every case the amount of gas decom- 
posed by the filament and lamp simultaneously is less than that when these agents are 


* The results with ammonia have been confirmed and extended by Dr. L. Farkas, using the velocity 
of the change Hy4(paray —> Hortncy to Measure the concentration of atomic hydrogen (private com- 
munication). 
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operated separately; 1.e., the simultaneous production of atomic hydrogen with the dis- 
sociation of ammonia or phosphine leads to a retardation of the latter process. This result 
is almost to be expected for ammonia, as molecular hydrogen is an inhibitor for the decom- 
position. The dissociation of hydrogen no doubt facilitates adsorption, for it virtually 
removes the necessity of activation which is required when a normal hydrogen molecule 
collides with the catalyst. The inhibition must occur on the surface of the wire since 
atomic hydrogen does not attack molecular nitrogen in the gas phase. The hydrogen atoms 
probably react with the surface compounds, M—NH or M-NH,, which are formed during 
the decomposition (Frankenburger and Hodler, Trans. Faraday Soc., 1932, 28, 229, and 
subsequent papers in Z. Elektrochem.). 

That a similar mechanism holds for phosphine is probable from the following argument. 
If a mixture of phosphorus and mercury vapours is illuminated by a mercury lamp, there 
is a deposition of red phosphorus. The P, molecules are therefore changed in some way so 
that they undergo the allotropic transformation. If hydrogen is present also, no appreci- 
able amount of phosphine is produced, 7.e., atomic hydrogen does not attack these reactive 
molecules derived from P,. If the same molecules give rise to the red phosphorus in the 
thermal decomposition experiments, then it is improbable that atomic hydrogen can react 
to yield phosphine. The retardation observed is therefore likely to have taken place on 
the surface of the filament itself, as in the ammonia reaction. It is surprising, in view of the 
similarity in the behaviour of atomic hydrogen with respect to ammonia and phosphine, 
that in the latter case inhibition by molecular hydrogen is absent. 


SUMMARY. 


The kinetics of the oxidation of phosphine on molybdenum and tungsten filaments at 
pressures below the lower explosion limit have been investigated in order to determine 
whether a hot filament might induce the homogeneous combination of the gases, as is the 
case with phosphorus—oxygen mixtures. No measurable amount of homogeneous reaction 
could be detected, the reaction taking place almost wholly on the surface; a faint glow 
accompanied the oxidation, however, thus providing evidence of a trace of homogeneous 
reaction. Experiments with a silica and with a Pyrex filament were also unsuccessful. 
The presence of phosphorus does not induce the reaction to come off the surface. 

A theory is proposed to account for the differences in the reactions of oxygen with 
phosphine and with phosphorus. 

Experiments are described in which the catalytic decomposition of phosphine and 
ammonia is inhibited by the simultaneous bombardment of the filament by atomic hydrogen. 


One of the authors (H. W. M.) desires to thank the Royal Commissioners for the Exhibition 
of 1851 and the Carnegie Trustees for a studentship and a scholarship. 
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67. The Action of Halogens on Polycyclic Indole Derivatives. Part 
IV. Some Reactions of 1-Keto-1 : 2:3: 4-tetrahydrocarbazole. 
By A. J. Mears, S. H. OAKEsHoTT, and S. G. P. PLANT. 


TuE double linkage in tetrahydrocarbazole (I) and many of its derivatives is characterised 
by the extreme readiness with which it combines additively with various reagents. For 
example, when such substances are treated with an equimolecular quantity of bromine no 


H, H, 
SH H, 
(I.) Se. 1° x (II.) 
1 2 
NH H, NH 6 


substitution occurs, but the products isolated are derived exclusively from the primary 
addition of the halogen at the 10 : 11-position (Plant and Tomlinson, J., 1931, 3324; 1933, 
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298). In 1-keto-l : 2:3: 4-tetrahydrocarbazole (II; named in this paper “ 1-ketotetra- 
hydrocarbazole ”’) the position of the carbonyl group in relation to the double linkage is 
such that it would be expected to modify considerably the reactions referred to above. 
This substance has been prepared by Coffey (Rec. trav. chim., 1923, 42, 528) by an applic- 
ation of Fischer’s indole synthesis to cyclohexane-1 : 2-dione monophenylhydrazone, which 
was obtained from 2-hydroxymethylenecyclohexanone and benzenediazonium chloride in 
neutral solution. These reactions have now been extended, by the use of other diazonium 
salts, to the synthesis of several derivatives required in the present investigations. 

When 1-ketotetrahydrocarbazole was treated with an equimolecular quantity of 
bromine in acetic acid, 6-bromo-1-ketotetrahydrocarbazole separated in good yield as a hydro- 
bromide which was readily hydrolysed; its identity was established by synthesis from 
p-bromoaniline. For the purposes of comparison, Coffey’s process has been applied to 
m-bromoaniline, and, since it is impossible to identify the two products completely, one of 
them (m. p. 233—235°) has been named 5(or 7)- and the other (m. p. 163°) 7(or 5)-bromo- 
1-ketotetrahydrocarbazole in accordance with established procedure in analogous cases. 
Attempts to apply Fischer’s reaction to cyclohexane-1 : 2-dione mono-o-bromophenyl- 
hydrazone were unsuccessful. 

Under similar conditions, 1-keto-8-methyltetrahydrocarbazole readily yielded its 6-bromo- 
derivative, and 1-keto-6-methyltetrahydrocarbazole also gave a monosubstitution product. 
The latter was different from synthetic 8-bromo-1-keto-6-methyltetrahydrocarbazole, but 
identical with one of the two compounds obtained by eliminating ammonia from cyclo- 
hexane-1 : 2-dione mono-2-bromo-f-tolylhydrazone. The bromine has therefore entered 
the 5- or 7-position and the substance has been named 7(or 5)-bromo-1-keto-6-methyltetra- 
hydrocarbazole. It is apparent from these results that the additive properties of tetrahydro- 
carbazole are enormously diminished in the 1-keto-compound. It cannot be said that they 
are entirely absent, since, although the yields of the substitution products were substantial, 
it was not possible to obtain the whole of the product in a pure crystalline condition. 
These additive reactions are also very well developed in the N-acyl derivatives of tetra- 
hydrocarbazole and it was accordingly hoped that an investigation might be made of the 
9-acyl-1-ketotetrahydrocarbazoles. The >NH group in the keto-compound is, however, 
extremely unreactive and conditions for the ready formation of the acyl derivatives have 
not been found. 

The problem of orientation is of interest in the above experiments, and in this connexion 
the nitration of 1-ketotetrahydrocarbazole and its 8-methyl and 6-methyl derivatives has 
been studied. In sulphuric acid solution the first two gave their 6-nitro-derivatives, and 
the last yielded 7(or 5)-nitro-1-keto-6-methyltetrahydrocarbazole. 


EXPERIMENTAL. 


1-Ketotetrahydrocarbazole was obtained by Coffey’s method (/oc. cit.), but ethyl formate was 
used instead of amy] formate in the preparation of cyclohexane-1 : 2-dione monophenylhydrazone. 
It was also found more satisfactory to purify the crude product by crystallisation first from 
carbon tetrachloride (with charcoal) and then from alcohol. 

By a similar process cyclohexane-1 : 2-dione mono-p-bromophenylhydrazone, red needles, 
m. p. 176°, from alcohol, was obtained from p-bromoaniline (Found: N, 10-1. C,,H,,ON,Br 
requires N, 10-0%). A solution of this hydrazone (4 g.) in acetic acid (50 c.c.) and concentrated 
hydrochloric acid (8 c.c.) was boiled for $ hour, cooled, and poured into water, with stirring; 
the precipitated 6-bromo-1-ketotetrahydrocarbazole, practically colourless needles, m. p. 222—224°, 
was crystallised from alcohol and then benzene (Found: N, 5-3. C,,H,ONBr requires N, 
53%). The latter compound (0-2 g.) in hot acetone (15 c.c.) was shaken with aqueous potassium 
hydroxide (1-5 g. of 66%) and acetyl chloride (1 c.c.), and the product was recovered by precipit- 
ation with water. After this had been again submitted to the same treatment, 6-bromo-1-keto- 
9-acetyltetrahydrocarbazole, orange needles, m. p. 154—155°, from alcohol, was obtained (Found : 
C, 54-9; H, 4-0. C,,H,,O,NBr requires C, 54-9; H, 3-9%). 

Prepared in a similar manner, cyclohexane-1 : 2-dione mono-o-bromophenylhydrazone, dark red 
needles, m. p. 172—174°, from alcohol, solidified only after the reaction mixture had been care- 
fully neutralised and kept for several hours (Found: N, 10-1%). 
cycloHexane-1 : 2-dione mono-m-bromophenylhydrazone (4 g.), red plates, m. p. 165°, from 
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alcohol, was prepared as before and boiled for } hour with acetic acid (65 c.c.) and concentrated 
hydrochloric acid (13 c.c.). The cooled solution was poured into water, and the precipitate, 
on crystallisation from alcohol, yielded 5( or 7)-bromo-1-ketotetrahydrocarbazole, nearly colour- 
less needles, m. p. 233—-235°, after further crystallisation from alcohol; this was converted as 
for the corresponding 6-bromo-compound, into 5(or 7)-bromo-1-keto-9-acetyltetrahydrocarbazole, 
orange needles, m, p. 135°, from alcohol (Found : Br, 26-1. C,,H,,O,NBr requires Br, 26-1%). 
When the first alcoholic mother-liquor was evaporated and the residue crystallised from acetic 
acid, a further small quantity of the 5(or 7)-bromo-compound was obtained. The substance 
which was then isolated by dilution of the acetic acid mother-liquor with water could not be 
crystallised, but it was acetylated by the usual procedure, and, after repeated crystallisation of 
the product from alcohol, 7(or 5)-bromo-1-keto-9-acetyltetrahydrocarbazole, nearly colourless 
prisms, m. p. 186—188°, was obtained (Found : Br, 26-2%). (or 5)-Bromo-1-ketotetrahydro- 
carbazole, obtained by boiling the latter with aqueous alcoholic potassium hydroxide for 
4 hour and diluting the product with water, separated from benzene in colourless needles, 
m. p. 163°. 

cycloHexane-1 : 2-dione mono-p-nitrophenylhydrazone (3 g.), prepared as above from p-nitro- 
aniline, yellow prisms, m. p. 230—240° (decomp.), from cyclohexanone, was refluxed for 2 hours 
with acetic acid (50 c.c.) and concentrated hydrochloric acid (10 c.c.). The resulting solution 
was diluted with much water, and the product extracted with ether; after the extract had been 
shaken with a small amount of aqueous sodium carbonate, dried, and evaporated, 6-nitro-1-keto- 
tetrahydrocarbazole, yellow prisms, m. p. 259°, from alcohol or acetic acid, remained (Found : 
N, 12-5, Calc. : N, 12-2%). Senand Ghosh (J. Indian Chem. Soc., 1927, 4, 477) have described 
the synthesis of this compound, but the m. p. is stated to be 212°. 

Bromination of 1-Ketotetrahydrocarbazole-—When a solution of 1-ketotetrahydrocarbazole in 
acetic acid at 40° was treated with bromine (1 mol.), cooled, and stirred, 6-bromo-1-ketotetra- 
hydrocarbazole separated as its yellow hydrobromide. This was collected and washed with 
acetic acid, water, and aqueous ammonia, and the free 6-bromo-compound so produced was 
found, after crystallisation from alcohol and benzene, to be identical (mixed m. p.) with the 
synthetical compound described above. The same yellow hydrobromide was obtained by 
treating the 6-bromo-compound in acetic acid with hydrogen bromide; it readily lost its 
hydrogen bromide on heating or by treatment with water, alcohol, or aqueous ammonia, An 
analogous hydrobromide separated slowly when 1-ketotetrahydrocarbazole was treated with 
hydrogen bromide in acetic acid. 

Nitration of 1-Ketotetrahydrocarbazole.—Potassium nitrate (1-12 g.) was added gradually with 
continuous stirring to the keto-compound (2 g.) dissolved in concentrated sulphuric acid (265 c.c.) 
at — 5°. The solution was poured on ice, and the product extracted with ether. When 
the extract had been shaken with a limited amount of aqueous sodium carbonate, dried, and 
evaporated, the residue, after crystallisation from alcohol or acetic acid, was found to be 
identical (mixed m. p.) with the synthetical 6-nitro-l-ketotetrahydrocarbazole mentioned 
above. 

1-Keto-8-methyltetrahydrocarbazole and its Derivatives.—Prepared by the usual procedure from 
o-toluidine, cyclohexane-1 : 2-dione mono-o-tolylhydrazone, red prisms, m. p. 95—96°, from alcohol, 
solidified gradually after the reaction mixture had been carefully neutralised (Found: N, 13-2. 
C,3H,,ON, requires N, 130%). After its solution in acetic acid (30 g. in 180 c.c.) containing 
concentrated hydrochloric acid (30 c.c.) had been boiled for 4 hour, 1-keto-8-methyltetrahydro- 
carbazole, colourless needles, m. p. 167°, from alcohol, separated on cooling (Found: N, 7:2. 
C,3;H,,ON requires N, 7-0%). 

cycloHexane-1 : 2-dionemono-5-bromo-o-tolylhydrazone, brownish-yellow plates, m. p. 95— 
97°, from alcohol, was obtained similarly from 5-bromo-o-toluidine (Found: N, 9-6. 
C,;H,,ON,Br requires N, 9-5%), and was converted into 6-bromo-1-keto-8-methylietrahydro- 
carbazole, colourless needles, m. p. 229—230°, from alcohol (Found: N, 5-2. C,3;H,,ONBr 
requires N, 5-0%). An analogous procedure with 5-nitro-o-toluidine led first to cyclohexane- 
1 : 2-dione mono-5-nitro-o-tolylhydrazone, brown plates, m. p. 155—157°, from alcohol (Found : 
N, 16-0. C,,;H,,0O,N, requires N, 16-1%), and then to 6-nitro-1-keto-8-methyltetrahydrocarbazole, 
yellow needles, m. p. 294°, from acetic acid (Found : N, 11-6. C,3H,,0,N, requires N, 11-5%). 

When 1-keto-8-methyltetrahydrocarbazole was treated in acetic acid with bromine (1 mol.), 
and the resulting red solution diluted with water, 6-bromo-1-keto-8-methyltetrahydrocarbazole, 
m. p. 226° after crystallisation from alcohol and then benzene, was obtained; it was identified 
by mixed m. p. with the synthetical compound. 

When nitrated by the procedure given above for 1-ketotetrahydrocarbazole, the 8-methyl 
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compound gave its 6-nitro-derivative, yellow needles, m. p. 294°, from acetic acid, identified by 
mixed m. p. with the synthetical product. 

1-Keto-6-methyltetrahydrocarbazole and its Derivatives.—cycloHexane-1 : 2-dione mono-p-tolyl- 
hydrazone, red plates, m. p. 188—190°, from alcohol (Found: N, 13-0%), was obtained from 
p-toluidine, and was transformed, as for the 8-methyl compound, into 1-keto-6-methyltetra- 
hydrocarbazole, colourless needles, m. p. 195—196°, from alcohol (Found: N, 7-:0%). The 
preparation of the latter compound by analogous methods has been described by Sen and 
Ghosh (/oc. cit.) and by Lions (J. Proc. Roy. Soc. New South Wales, 1933, 66, 516). 

cycloHexane-1 : 2-dione mono-3-bromo-p-tolylhydrazone, red prisms, m. p. 79—82°, from 
alcohol (Found : N, 9-4%), was converted by the usual procedure into 8-bromo-1-keto-6-methyl- 
tetrahydrocarbazole, colourless prisms, m, p. 164°, from petroleum and then alcohol (Found : 
C, 55:7; H, 4:3; N, 5-2. C,3;H,,ONBr requires C, 56-1; H, 4:3; N, 5-0%), the crude product 
being extracted with ether from the acetic acid solution after dilution with water. 

The corresponding mono-2-bromo-p-tolylhydrazone (7 g.), red prisms, m. p. 177—178° after 
crystallisation from acetic acid and then cyclohexanone, was prepared from 2-bromo-p-toluidine, 
and was refluxed for 20 minutes with acetic acid (70 c.c.) and concentrated hydrochloric acid 
(13 c.c.). The solid mixture, m. p. 175—225°, which separated after several hours was crystall- 
ised from acetic acid, and the product washed by decantation with acetic acid. It was then 
possible to separate by hand considerable quantities of clusters of very dark brown prisms and 
of light brown plates. The former, on crystallisation from acetic acid (charcoal), gave 5(or 7)- 
bromo-1-keto-6-methyltetrahydrocarbazole in colourless prisms, m. p. 253—254° (Found: C, 
56-1; H, 4-4%), and the latter, after being twice recrystallised from benzene, gave 7(or 5)-bromo- 
1-keto-6-methyltetrahydrocarbazole in colourless plates, m. p. 197° (Found : Br, 29-0. C,;H,,ONBr 
requires Br, 28-8%). 

cycloHexane-1 : 2-dione mono-3-nitro-p-tolylhydrazone, orange plates, m. p. 114—118°, 
from alcohol, prepared from 3-nitro-p-toluidine, solidified when the reaction mixture had been 
carefully neutralised. It was converted into 8-nitro-1-keto-6-methyltetrahydrocarbazole, brown 
plates, m. p. 199—201°, from alcohol (Found: N, 11-7%), by a process analogous to that used 
for 6-nitro-1-ketotetrahydrocarbazole. 

The corresponding mono-2-nitro-p-tolylhydvazone (6 g.), red prisms, m. p. 141—142°, from 
alcohol (Found: N, 15-7%), was refluxed for 40 minutes with acetic acid (70 c.c.) and concen- 
trated hydrochloric acid (15 c.c.), and the resulting solution poured into water. When the 
product had been extracted with ether, washed with a small amount of aqueous sodium carbon- 
ate, and dried (sodium sulphate), the residue, after evaporation, gave a mixture, m. p. 175—215°, 
on crystallisation from acetic acid. When this was again crystallised from a somewhat larger 
volume of acetic acid, 5(or 7)-nitro-1-keto-6-methyltetrahydrocarbazole, yellow needles, m. p. 253— 
255°, after a further crystallisation from acetic acid, separated (Found: N, 11-7%). The acetic 
acid mother-liquor, after 2 days, deposited 7(or 5)-nitro-1-keto-6-methyltetrahydrocarbazole, brown 
plates, m. p. 207—208°, from alcohol (Found : N, 11-6%). 

Treatment of 1-keto-6-methyltetrahydrocarbazole in acetic acid with bromine (1 mol.) led 
to the separation of a red solid, which dissolved, on warming, with the evolution of hydrogen 
bromide. The product obtained on dilution with water gave the 7(or 5)-bromo-compound, 
m. p. 196—197° (identified by mixed m. p. with the synthetical derivative), after being twice 
recrystallised from alcohol and then from benzene. 

When 1-keto-6-methyltetrahydrocarbazole was nitrated by the procedure described for 
1-ketotetrahydrocarbazole, the product, after crystallisation from acetic acid and then alcohol, 
yielded the 7(or 5)-nitro-derivative, brown plates, m. p. 204—206°, which was identical (mixed 
m. p.) with the synthetical compound described above. 

Reduction of 1-Ketotetrahydrocarbazole.—(a) After the keto-compound (2 g.) had been heated 
on the steam-bath for 4 hours with red phosphorus (3-5 g.) and hydriodic acid (25 c.c. of d 1-9), 
the cooled mixture was made alkaline with aqueous caustic soda and extracted with chloroform. 
When the extract had been washed with water, dried (potassium carbonate), and evaporated, 
tetrahydrocarbazole, colourless plates, m. p. 114—116° (after crystallisation from aqueous 
alcohol), remained ; it was identified by a mixed m. p. with an authentic specimen. 

(6) A mixture of the keto-compound (2 g.), granulated tin (12 g.), alcohol (12 c.c.), and con- 
centrated hydrochloric acid (12 c.c.) was refluxed for 7 hours, and the alcohol was then removed 
by distillation in steam. After the residue had been made alkaline with aqueous caustic soda, 
the product was extracted with ether, and the extract was shaken with an excess of dilute hydro- 
chloric acid. Evaporation of the ether then yielded no residue, but aqueous caustic soda 
precipitated cis-hexahydrocarbazole (Gurney, Perkin, and Plant, J., 1927, 2676), m. p. 97—98° 
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(after crystallisation from aqueous alcohol), identified by a mixed m. p. with an authentic 
specimen, from the aqueous solution. The use of restricted quantities of the reducing agent 
resulted in the isolation of unchanged 1-ketotetrahydrocarbazole from the ethereal layer, and 
cis-hexahydrocarbazole from the acid solution. 


THE Dyson PERRINS LABORATORY, OXFORD. (Received, January 11th, 1934.] 





68. The Nitration of B-Phenylethylpyridines and Related Compounds. 
Part Il. 


By E. A. WAGsTAFF. 


THE inversion of the relative directive powers of pairs of of-directing groups (X, Y) attached 
to the benzene nucleus, as indicated by the position of entry of a third group, when X is 
(1) ortho and (2) para to Y, is a well-known phenomenon, which has been attributed (a) 
to differences of the o/p ratios characteristic of each group as indicated by substitution 
in CgH;X and C,H,Y respectively (e.g., Ann. Reports, 1930, 138) ; (b) to differences of the 
inductive and direct effects (Ingold and Vass, J., 1928, 417); (c) to differences of the induc- 
tive and tautomeric effects (Baddeley and Bennett, J., 1933, 267). In addition, it is prob- 
able (d) that the phenomenon would be observed when one substituent is especially bulky 
(Le Févre, J., 1933, 980), but no data are available, e.g.,for o-cymene. Although explanation 
(a) is less fundamental than (b), (c), or (d), the evidence cited (below) indicates that it is 
not always valid, and it is therefore more than a mere re-statement of the phenomenon. 

An example is afforded by the data for the nitration of various p- and o-methylstyrenes 
(I and II; * = position of entry of the nitro-group), R being a substituent of the electron- 
attracting type. 


Me 

RCHICH( Me R-CHICHE > 
a) sas HCH Me i Sak, 
N (lL) N av) 0, 


Only 3-nitration has been detected in 4-methylcinnamic acid and its methyl ester 
(I, R = CO,H and CO,Me) and in -tolylvinyl methyl ketone (I, R = CO-CH,) (Hanzlik 
and Bianchi, Ber., 1899, 32, 2287; Gatterman, Annalen, 1906, 347, 360), so that in these 
compounds the influence of the methyl group predominates. On the other hand, only 
4-nitration has been detected in 2-methylcinnamic acid (II, R = CO,H), and the rate of 
substitution is greater than in 4-methylcinnamic acid (Franzen and Schneider, J. pr. Chem., 
1914, 90, 547), so that here the influence of the w-substituted vinyl radical predominates. 
It is possible that a mutual interaction of the external effects of the w-substituent and the 
methyl group, as well as the remoteness of the 4-position, contributes to this result. In 
these reactions the yields of pure products were poor (10—35%), but the indications are 
now confirmed for (I) by the nitration of 4’-methyl-2-stilbazole (III), which gives in 93% 
yield a product of which 65% is 3’-nitro-4’-methyl-2-stilbazole (IV). No other product 
was isolated. 

Space models of w-substituted 4-methylstyrenes do not indicate pronounced volume 
influence (d) by either substituent. The o/f ratios for nitration of the compounds 
C,H,-CH:CHR, where R = CO,H, CO,Me, or 2-pyridinium, are greater than 0-9, so that fac- 
tor (a) cannot be preponderant. The phenomenon may be ascribed, therefore, to electronic 
effects, such as (b) or (c). The unsubstituted vinyl group is regarded by Ingold (Rec. trav. 
chim., 1929, 48, 797) as exerting + J + T effects. The above data are consistent with the 
hypothesis that the net effect of the vinyl group containing an w-substituent of the electron- 
attracting type is — I + T (contrast Shoppee, J., 1933, 1118). The fact that m-substitution 
in w-substituted styrenes is probably not appreciable, and is certainly less than in toluene, 
indicates that the T effect is positive. The observed deactivation of the o-positions must 
therefore be due to the — J effect of the w-substituent, and the absence of m-substitution 
indicates that this effect acts principally through space (— D). 
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Owing to partial oxidation and resinification, 4-stilbazole (4-styrylpyridine) is nitrated 
less smoothly than 2-stilbazole, so that sufficient evidence for a similar variation of the 
o/p ratio with conditions (Part I; Shaw and Wagstaff, J., 1933, 79) was not available. 
The o/p ratio (1-05) was somewhat higher than for 2-stilbazole (0-93) under the same 
conditions. This is consistent with the relative remoteness of the pyridinium nitrogen 
in 4-stilbazole. 

The nitration of 2: 6-distyrylpyridine and 4-8-phenylethylpyridine is described. 
2-8-4’-Nitrophenylethylpyridine, when further nitrated, gives the 2’ : 4’-dinitro-compound 
almost exclusively. 

Temporary deep colours were developed during all the nitrations described in this 
paper, and in Part I. 

EXPERIMENTAL. 


The nitrate of 4'-methyl-2-stilbazole (J., 1933, 78) formed yellow needles, m. p. 147°, from 
chloroform (Found: C, 64-8; H, 5-4. C,,H,,;N,HNO, requires C, 65-1; H, 5-4%). The salt 
(2 g.) was added to nitric acid (d 1-48; 20g.) at — 10° or to sulphuric acid (17 g.) at 0°. After 
6 hours, the solution was diluted and basified. The product, crystallised from alcohol, gave 
the 3’-nitro-compound (yield, 58%), leaving an oil which yielded no other pure substance as 
such or as picrate. A smell of p-tolualdehyde, the yield (89—93%), and the isolation of acids 
(4%; not investigated) indicated that some oxidation had occurred. The results for the 
nitration of the nitro-2-stilbazoles (Part I) showed that the 2’-nitro-compound was least readily 
oxidised, so that in the present case the proportion of 3’-nitro-compound was probably higher 
than that stated. Attempts to nitrate the salt with stronger or weaker nitric acid resulted 
in increased oxidation. 3’-Nitro-4'-methyl-2-stilbazole, yellow needles, m. p. 137° (Found : 
C, 70-0; H, 5-0. C,,H,,0O,N, requires C, 70-0; H, 5-0%) (picrate, m. p. 223°), was oxidised 
with 1% permanganate solution to nitroterephthalic acid, and with nitric acid (d 1-2) to 3-nitro- 
4-methylbenzoic acid. 

Preparation of 4-Stilbazole and the Nitro-4-stilbazoles——A mixture of mono- and di-methyl- 
pyridines, b. p. 139—146° (after two distillations through a 1-5-metre Dufton column), was 
heated for 10 hours at 220° in an autoclave with benzaldehyde (1 mol.) and zinc chloride (0-1 mol. ; 
contrast Bailey and McElvain, J. Amer. Chem. Soc., 1930, 52, 1635). The product was acidified 
and steam-distilled, whereby benzaldehyde was removed. The residue was basified and the 
unchanged bases (Z) were distilled in steam. The residual non-volatile bases were converted 
into a mixture of soluble and insoluble hydrochlorides by treatment with excess of hydrochloric 
acid. 2: 6-Distyrylpyridine was isolated from the insoluble hydrochloride by the method of 
Shaw (J., 1924, 125, 2363). The soluble hydrochloride, when treated with excess of sodium 
hydroxide solution, gave bases which after several recrystallisations from benzene or pyridine 
yielded 4-stilbazole as white prisms, m. p. 131° (Found: C, 85-9; H, 6-1; N, 7-7. Calc. for 
C,3H,,N: C, 86-2; H, 6-1; N,7-7%). From the mother-liquors were isolated 2-stilbazole and 
2-styryl-6-methylpyridine. 

The unchanged bases (Z) were dried and (40 g.) were heated with a nitrobenzaldehyde 
(100 g.) and acetic anhydride (20 g.) in closed glass vessels for 10 hours at 200°. The product 
in each case was extracted with warm hydrochloric acid. The insoluble hydrochloride (yield, 
20%) was decomposed with hot pyridine, giving 2 : 6-di-(2’, 3’, or 4’)-nitrostyrylpyridine, which 
was recrystallised from pyridine. The soluble hydrochloride when basified gave (2’, 3’, or 4’)- 
nitro-4-stilbazole (yield, 40%) (which was recrystallised from chloroform and alcohol), and 
unchanged bases rich in 3-picoline. 4-Stilbazole was prepared similarly from benzaldehyde. 

2 : 6-Di-2'-nitrostyrylpyridine, m. p. 140° (Found: C, 67-8; H, 3-9. C,,H,,O,N, requires 
C, 67-6; H, 4:0; N, 11-3%), 2: 6-di-3’-nitrostyrylpyridine, m. p. 216° (Found: C, 67-5; H, 
42%), and 2: 6-di-4'-nitrostyrylpyridine, m. p. 258° (Found: C, 67-9; H, 3-8; N, 11-5%) 
(picrate, m. p. 294°), all formed yellow prisms. The last compound was also prepared from 
2: 6-distyrylpyridine (5 g.) by treatment with nitric acid (d 1-46; 129 g.) at 0° for 6 hours. 
The product was thrice recrystallised from pyridine. The remainder of the nitration product 
was not investigated. 2 : 6-Di-4’-nitrostyrylpyridine was oxidised with permanganate solution 
or nitric acid (d 1-25) to p-nitrobenzoic acid (yield, 20% and 83% respectively. The poor yield 
in the former case was due to the insolubility of the base). The substance, m. p. 168—169° 
(picrate, m. p. 246°), described by Werner (Ber., 1903, 36, 1683) as 2 : 6-di-4’-nitrostyrylpyridine 
was possibly 4’-nitro-4-stilbazole, since he rejected his insoluble hydrochlorides. 

2’-Nitro-4-stilbazole formed yellow prisms, m. p. 105° (Found: N, 12-5. Calc. for 


U 
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C,3HyO,N,: C, 69-0; H, 4:4; N, 12-4%), and 3’-nitro-4-stilbazole buff crystals, m. p. 144°. 
4'-Nitro-4-stilbazole formed yellow prisms, m. p. 171° (Found: C, 69-4; H, 4-2%). Baumert 
(Ber., 1906, 39, 2971) gives m. p. 119°. The hydrochloride had m. p. 308°, and the picrate, m. p. 
249°. 

The following data were obtained for mixtures of 2’- and 4’-nitro-4-stilbazoles. 


o/p Ratio 1-00 1:33 1-66 1-99 
Initial setting point : 116°8° 108°8° 991° 92-0° 
Eutectic 78°7° 79°2° 802° 80-0° 


Nitration of 4-Stilbazole-—The nitrate (pale yellow prisms, m. p. 160°. Found: C, 64-0; 
H, 4-7. C,,;H,,N,HNO, requires C, 63-9; H, 4-9%) was added to nitric or sulphuric acid, as for 
2-stilbazole (Part I). The nitration products (yield, 86—96%) had eutectic points which were 
4—10° (nitration in nitric acid) or 10—15° (nitration in sulphuric acid) lower than those of o/p 
binary mixtures and were raised by the addition of either pure component. The nitration 
products, when fractionally crystallised from alcohol, gave 2’- and 4’-nitro-4-stilbazoles and 
smaller quantities of brown resins. The best nitration was effected by adding the nitrate 
(2 g.) to nitric acid (d 1-485; 17g.) at — 10°. After 3 hours the solution was poured on ice 
and basified. The product (A; yield, 95-6%) (Found: C, 68-8; H, 4-4. Calc. for C,;,H,,O,N, : 
C, 69-0; H, 4-4%) had initial setting point 113-2°; eutectic, 75-1°. Whena correction is applied, 
as in Part I, these values correspond to an o/p ratio of ca. 1-05. After addition (to 1-000 g.) 
of pure 4’-nitro-4-stilbazole (0-309 g.) the i.s.p. was 128-0°; eutectic 76-7°; corresponding to an 
o/p ratio for A, 1-05. The o/p ratio for 2-stilbazole under the same conditions is 0-93. 

A solution of 4-stilbazole (3 g.) in nitric acid (d 1-42; 50 g.) was heated for 3 hours on'a 
water-bath, diluted with water to 80 c.c., cooled, and filtered. The residue was p-nitrobenzoic 
acid, m. p. 230°. The yield (24%) was lower than that obtained from 2-stilbazole (37%). 
This was due either to a higher o/p ratio or to the inferior protection against oxidation afforded 
by the 4-, compared with the 2-, pyridinium radical. Copper acetate precipitated copper 
isonicotinate (yield, 75%) from the neutralised filtrate. 

Nitration of 4-8-Phenylethylpyridine.—The base was nitrated in nitric acid (d 1-42 or 1-52). 
The product, when crystallised from alcohol, readily gave 4-8-4'-nitrophenylethylpyridine 
(yield, 50%) as colourless prisms, m. p. 85° (Found: C, 68-6; H, 5-3. C,,;H,,0O,N, requires 
C, 68-4; H, 5-3%). The remainder of the nitration product was not investigated. The meth- 
iodide, m. p. 155°, gave p-nitrobenzoic acid when oxidised with aqueous permanganate. 

Nitration of 2-8-4'-Nitrophenylethylpyridine.—A solution of the 4’-nitro-compound (5 g.) 
in nitric acid (d 1-505; 75 g.) was kept for 12 hours at 20°, poured on ice, and partly neutralised 
with sodium hydroxide solution. 2--2’ : 4’-Dinitrophenylethylpyridine nitrate (yield, 83%) 
separated as colourless prisms, m. p. 160° (decomp.) after recrystallisation from alcohol (Found : 
C, 46-7; H, 3-3; HNOs, by titration in presence of chloroform, 21-5. C,;H,,0,N;,HNO, 
requires C, 46-4; H, 3-6; HNO,, 21-6%). The filtrate was basified, and the product crystallised 
from alcohol; 2-f-2’ : 4’-dinitrophenylethylpyridine (Found: N, 15-5. C,,;H,,0,N,; requires 
N, 15-4%) separated as colourless prisms, m. p. 78° (slight decomp.) after sintering at 58°. 
This base was best prepared by shaking its nitrate with aqueous sodium hydroxide and chloroform 
and evaporating the chloroform layer. The total yield of dinitro-compound was 94%. Attempted 
further purification as picrate (m. p. 160°) or perchlorate (m. p. 174°) failed to alter the m. p. 
Unlike the corresponding dinitrobenzyl compound (Tschitschibabin, Kuindshi, and Benewolen- 
skaja, Ber., 1925, 58, 1580), this substance does not exhibit phototropy. The methiodide, 
prepared with excess of methyl iodide at 100°, crystallised from alcohol in yellow needles, 
m. p. 210° (Found : C, 40-7; H, 3-3; 1, 31-0. C,,H,,0,N,I requires C, 40-5; H, 3-4; I, 30-6%), 
and when oxidised with permanganate gave 2 : 4-dinitrobenzoic acid (yield, 76%). 


The author is indebted to Dr. B. D. Shaw for his interest in this work. 


UNIVERSITY COLLEGE, NOTTINGHAM. [Received, December 7th, 1933.) 
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69. Degradation of Quaternary Ammonium Salis. Part VIII. 
Necessary Structural Conditions for Migration in Radicals. 


By Joun L. DunN and Tuomas S. STEVENS. 


PREVIOUS studies have suggested that the migratory aptitude of a radical R in the rearrange- 
ment (I) —-> (II) can be correlated with its (not necessarily very pronounced) anionic 
stability (J., 1932, 55, 1932, and earlier papers). 


(.) | Ph-CO-CH,"NMe,X —> Ph-CO-CH‘NMe, —(11.) 
R R 


Most of the substances studied in this investigation were chosen to test the necessity, ' 
rather than to illustrate the sufficiency, of this condition; the results, collected in Table I, 
are in accordance with anticipation. 

The choice of radical in case (F) was influenced by the known instability of primary 
and secondary nitro-compounds towards alkali, and (G) was chosen as another example 
in which R contained no «-hydrogen atom. In salts (H) and (J), the mobile benzyl radical 
in (I; R.= CH,Ph) is modified by interpolation of further methylene groups between 
the aromatic nucleus and the quaternary nitrogen atom; (J) was selected in order to dis- 
close any possible “ alternation ”’ in the relation between the effect of a phenyl group and 
its position, and (K) to test the possibility that increase in the number of phenyl groups 
might compensate for their remoteness. The decomposition of (L), although facile, is less 
so than the rearrangement of (I; R = CH,Ph). (N) was chosen as containing the nearest 
possible saturated analogue of benzyl, and (O) was thought to be a favourable case for 
migration of a saturated radical, because the secondary radical «-phenylethyl migrates with 
enormously greater speed than the primary radical benzyl. 

In cases (H), (J), (M), and (N), the decomposition required long boiling with con- 
centrated alkali, in contrast with the facility of the successful rearrangements; but it is 
emphasised that the negative results are not absolute, and merely show that migration 
of the radical concerned is less facile than the observed decomposition. Hughes and 
Ingold (J., 1933, 71) record a case in which a more robustly constituted salt appears to 
exhibit migration of methyl (CHPh,*NMe,-OH —-> CMePh,'NMe,). 

As the migrating radicals (A), (B), (C), and (E), with the possible exception of phenacy]l, 
could be regarded as possessing both cationic and anionic stability in virtue of the py 
multiple linkage, the extreme case (P) was considered important, in which R is a radical 
of unambiguous electrochemical character. No mechanism is suggested meantime for the 
surprising reaction which prevented the realisation of this case. 

Two modifications of the “ recipient ” radical were also investigated. In parallel 
with the modifications of the benzyl group which have been described, the attempt was 
made to interpose a second methylene group between the benzoyl group of the phenacyl 
radical and the ammonium nitrogen atom, but interaction of w-dimethylaminopropiophenone 
and benzyl chloride yielded only dibenzyldimethylammonium chloride. 

o-Hydroxyphenylbenzyldimethylammonium chloride (III) is of peculiar interest from the 
analogy between its ketonic form (IV) and (I). When the salt was fused with sodamide, 
however, the benzyl group migrated, not to carbon, but to oxygen, yielding (V). Comment 
on this result is deferred pending further investigation. 


(co OH O-CH,Ph 
IV. ¢ —s = V. 
Oty \ AAENMe,CI “ie Me,Cl nee Me, v') 
CH,Ph CH,Ph 
(III) 

Constitutions of the Rearrangement Products—The products from (C) and (E) were 
converted into the methosulphates and reduced with zinc and sulphuric acid. The former 
yielded w-allylacetophenone, and the latter an oil which was hydrated by sulphuric acid 
to ay-dibenzoylpropane, Ph-CO-[CH,],°COPh. Attempts to prepare product (E) from 
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«-piperidinoacetophenone, formaldehyde, and phenylacetylene were unsuccessful. The 
methiodide of (V) was identical with a specimen prepared by successive reduction and 
methylation of o-nitrophenyl benzyl ether. 


TABLE I. 
. Result. se. R. Result. 
CH,Ph Rearrangement ! CH,°CH,°CH,Ph Loss of phenacyl or of 
CH,°COPh Rearrangement ! y-phenylpropyl 
CH,°CH:CH, Rearrangement CH,°CPh, *R-NMe, did not combine 
CH,°C:CH *(See experimental part) with Ph-CO-CH,Br 
CH,°C:CPh Rearrangement Ph Loss of ethyl 
CMe,*NO, o2 Me Loss of phenacyl 
CMe,Ph *R-NMe, did not combine Hexahydrobenzyl Total decomposition 
with Ph-CO-CH,Br CMe, vali 
CH,°CH,Ph Loss of phenacyl OMe *R-NMe, and 
Ph:CO-CH,Br gave 
Ph:-CO-CH,°NMe,,HBr 
* Quaternary salt could not be obtained. + Salt contained NEt, instead of NMe,. 1 Pre- 
viously reported. 2 RBr gave only NHMe,,HBr with NHMe,, and did not combine with 
Ph-CO-CH,"NMe,. 
EXPERIMENTAL. 


(C) Allyldimethylamine (Knorr and Roth, Ber., 1906, 39, 1427) was added to phenacyl 
bromide (1 mol.) in ether, and an oil separated, from an aqueous solution of which sodium 
picrate and acetic acid precipitated phenacylallyldimethyiammonium picrate, m. p. 78—79° 
after crystallisation from methyl alcohol (Found: C,H,O,N,’, 52:7. C,,;H,,ON*C,H,O,N, 
requires C,H,O,N,’, 52-8%). The picrate was treated with dilute sulphuric acid, picric acid 
removed, and sufficient sodium hydroxide added to give a final alkalinity of 2-5N. After 2 
hours’ refluxing, the basic material was isolated*in dry ethereal solution; ethereal picric acid 
precipitated w-dimethylamino-w-allylacetophenone picrate as a slowly solidifying oil, which formed 
stout needles, m. p. 97—99°, after crystallisation once from methyl alcohol and twice from 
benzene (Found: C, 52-8; H, 4-7. C,,;H,,ON,C,H,O,N;, requires C, 52-8; H, 46%). The 
methosulphate was prepared in ether as small plates which on steam distillation from zinc and 
sulphuric acid gave allylacetophenone, identified as semicarbazone, m. p. 158—159° (Helferich 
and Lecher, Ber., 1921, 54, 930, give 156—157°) (Found : C, 66-5; H, 7-0. Calc. for C,,H,,ON;: 
C, 66-4; H, 6-9%). 

(D) «By-Tribromopropane, on distillation over solid potash, yielded 8-bromoallyl bromide, 
but none of the propargyl bromide reported by Henry (Annalen, 1870, 154, 371). §8-Bromoally!- 
dimethylamine was obtained by heating a mixture of $-bromoallyl bromide (1 mol.) with 
dimethylamine (2 mols.) in 70% alcohol at 60—70° for a week. The solution was acidified, 
steam-distilled, basified, and again steam-distilled; a heavy oil then came over, which, after 
drying with potassium carbonate, boiled at 132—134°. Yield, 80%. The picrate, stout yellow 
prisms from methyl alcohol, melted at 94—95° (Found : C,H,O,N;, 58-6. C;H,)NBr,C,H,O,N, 
requires C,H,O,N;, 584%). Treatment with alkali either left the base unchanged or led to 
total decomposition. 

(E) Phenacylphenylpropargyldimethylammonium bromide separated from a benzene solution 
of phenylpropargylpiperidine (Mannich and Chang, Ber., 1933, 66, 418) and phenacyl bromide 
in a few days, as a viscous oil which crystallised from alcohol—ether in cubes, m. p. 162° (Found : 
Br, 20-3. C,,H,,ONBr requires Br, 20-1%). An aqueous solution of the salt (which is com- 
pletely decomposed by caustic alkali) was heated for a few minutes on the water-bath with excess 
of 8% sodium carbonate solution, and the basic material isolated as an uncrystallisable gummy 
solid. From its ethereal solution hydrogen chloride precipitated w-dimethylamino-w-phenyl- 
propargylacetophenone hydrochloride, white needles from alcohol—ether, m. p. 167—168° (Found: 
HCl, 10-1. C,,H,,ON,HCI requires HCl, 10-2%). The hydrobromide, similarly obtained, crystal- 
lised from alcohol-ether in needles which darkened from 130° and melted at 182—183° (de- 
comp.) (Found: C, 64-6; H, 6-2; Br, 19-5. C,,H,,ON,HBr,}H,O requires C, 64-6; H, 6-1; Br, 
19-7%). An ethereal solution of the free base and methyl sulphate, kept for a week, deposited 
an oil, which was reduced with zinc dust and sulphuric acid. The oil so formed was extracted 
with ether, dried over sodium sulphate, the ether evaporated, and the residue heated for a 
few minutes on the water-bath with 77% sulphuric acid. Dilution of the acid yielded a solid 
which, after recrystallisation from light petroleum, melted at 66—67°, alone or mixed with a 
specimen of «y-dibenzoylpropane prepared by the method of Japp and Michie (J., 1901, 79, 1017). 
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w-Piperidinoacetophenone hydrobromide was prepared by adding piperidine (1 mol.) to 
phenacyl bromide (1 mol.) in three times its weight of alcohol and warming the mixture for 
} hour on the water-bath. On cooling, the product crystallised in 65% yield, m. p. after 
crystallisation 227—228° (Van Ark, Arch. Pharm., 1900, 228, 330, gives 220°) (Found: HBr, 
28-4. Calc. for C,,H,,ON,HBr: HBr, 28-2%). 

(G) a-Dimethylaminoisobutyronitrile (Henry and Dewael, Bull. Acad. roy. Belg., 1904, 741) 
was added to phenylmagnesium bromide (2 mols.), and after 12 hours the product was decom- 
posed with ammonium chloride and water, and the crude basic material distilled in steam. The 
main product was non-volatile tar, and the distillate appeared to consist solely of phenyliso- 
propyldimethylamine, isolated as picrate, yellow lamine from alcohol, m. p. 205° (Found : 
C,H,O,N;, 59-0. C,,H,,;N,C,H,O,N, requires C,H,O,N;, 58-4%). 

(H) Phenacyl-$-phenylethyldimethylammonium bromide (Stevens, Creighton, Gordon, 
and MacNichol, J., 1928, 3193) was heated to 150—160° with powdered sodamide (2 mols.). 
The only basic product obtained was 40% of B-phenylethyldimethylamine as picrate (m. p. 
and mixed m. p.), and an odour like that of styrene was noticed. The salt was similarly decom- 
posed on long boiling with concentrated sodium hydroxide solution. 

(J) 8-Phenylpropionitrile (Baker and Lapworth, J., 1924, 125, 2334) was reduced with sodium 
(20 atoms) and boiling alcohol. The mixture was acidified with concentrated hydrochloric 
acid, filtered, concentrated, and basified, and the y-phenylpropylamine extracted with ether. 
It was isolated in 30—40% yield as the hydrochloride, m. p. 218° (compare Tafel, Ber., 1889, 
22, 1857), which on Eschweiler methylation gave y-phenylpropyldimethylamine, isolated in 
good yield as the picrate, m. p. 99°, as found by Senfter and Tafel (Ber., 1894, 27, 2311). 
Phenacyl-y-phenylpropyldimethylammonium bromide, rapidly produced from its generators in 
benzene, crystallised from alcohol—-ether in nodules, m. p. 124—125° (Found: Br, 21-8. 
C,,H,s,ONBr requires Br, 22-1%). Boiled for 4 hours with excess of 25% sodium hydroxide 
solution, it gave 60—70% of phenylpropyldimethylamine as picrate (m. p. and mixed m. p.), 
and on one occasion a small quantity of a picrate (X), yellow prisms from ether, m. p. 103—104°, 
depressed below 90° by admixture with the foregoing (Found : C,H,O,N;, 58-4. The picrate 
of [II, R =+(CH,),Ph], 7.e., C,,H,,0N,C,H,O,N;, requires C,H,O,N;, 45-3%). Each experiment 
gave traces of a neutral substance insoluble in ether, which crystallised from much alcohol 
in colourless needles, m. p. 210°. The quaternary salt and sodamide at 130—140° gave a small 
yield of phenacyldimethylamine; picrate, m. p.and mixed m. p. 140—143°; the methopicrate, 
m. p. and mixed m. p. 137—139° (prepared via the methiodide), crystallised from methyl or 
ethyl alcohol in stout, deep yellow prisms or in pale yellow needles, which were interconvertible 
and hadthesame m. p. Steam-distillation of the neutral products gaveasmall quantity of oil, 
which, on bromination in carbon tetrachloride, evaporation of the solvent, and crystallisation 
from methyl alcohol, yielded fine needles, m. p. 63—65°, not depressed by admixture with 
authentic propenylbenzene dibromide prepared by distillation of phenylethylcarbinol over 
potassium bisulphate, followed by bromination (compare Hell and Bauer, Ber., 1903, 36, 206). 
Allylbenzene, the normal product of Hofmann degradation of the quaternary salt, is known 
to yield propenylbenzene on heating with alkali. One experiment gave, not phenacyldimethyl- 
amine picrate, but the picrate (X), which is not identical with the B-hydroxy-8-phenylethyl- 
dimethylamine picrate described by Tiffeneau and Fourneau (Bull. Soc. chim., 1913, 13, 971), 
nor with the picrate of either of the possible products of addition of dimethylamine to propeny]- 
benzene. §-Dimethylamino-a-phenylpropane (Thomson and Stevens, J., 1932, 1940) yielded 
a picrate, yellow prisms from methyl alcohol, m. p. 135—139°. The isomeric «-dimethylamino- 
a-phenylpropane was prepared from dimethylaminophenylacetonitrile (Stevens, Cowan, and 
MacKinnon, J., 1931, 2568) and ethylmagnesium bromide (2 mols.); the mixture was decom- 
posed with ice and ammonium chloride, and the product distilled, b. p. 100—105°/22 mm. 
The picrate, after several recrystallisations from methyl alcohol and from acetone-ligroin, 
formed stout yellow prisms, m. p. 161—164° (Found: C,H,O,N;, 58-7. C,,H,,N,C,H,O,N, 
requires C,H,O,N;, 58-4%). 

(K) 888-Triphenylethylamine (Hellerman, J. Amer. Chem. Soc., 1927, 49, 1737) on Eschweiler 
methylation gave triphenylethyldimethylamine, cubes from light petroleum, m. p. 110—112°. 
The hydrochloride, prepared in ether, separated from absolute alcohol as a crystalline mass of 
cubes, m. p. 207—209° (Found: HCl, 10-7. C,,H,,N,HCl requires HCl, 10-8%). 

(L) Phenacylphenyldiethylammonium bromide slowly crystallised from a solution of phenacyl 
bromide and diethylaniline in a little acetone; it separated from alcohol-ether in irregular 
prisms, m. p. 150—152° (Found: Br, 22-7. C,,H,,ONBr requires Br, 23-0%). Boiled with 
10% potassium hydroxide solution, it yielded phenacylethylaniline (m. p. and mixed m. p.) 
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together with alcohol (iodoform test) and a little diethylaniline. The salt was recovered unchanged 
after treatment with alcoholic sodium ethoxide solution for several weeks in the cold, and at 
37° it yielded phenacylethylaniline in a few days. 

(M) Phenacyltrimethylammonium bromide (Rumpel, Joc. cit.) was heated for an hour with 
25—30% sodium hydroxide solution in a slow current of steam, and the distillate collected in 
hydrochloric acid. The residue contained some benzoic acid (m. p. and mixed m. p.), but no 
basic material, The distillate contained a little acetophenone (identified as dinitropheny]l- 
hydrazone) and yielded 50—60% of pure trimethylamine picrate (m. p. and mixed m. p.), 
but no high-boiling base. The salt reacted explosively with sodamide at 170°; no high-boiling 
basic material could be detected. 

(N) Hexahydrobenzyl bromide, prepared after Noller and Adams (‘‘ Organic Syntheses,” 
6, 22), distilled at 79—81°/30 mm. The bromide (1 mol.) was heated with dimethylamine 
(2 mols.) in 70% alcohol on the water-bath for 24 hours. An ethereal solution of the basic 
material, dried over potassium carbonate and concentrated (column), gave with ethereal picric 
acid 30% of hexahydrobenzyldimethylamine picrate, which separated from methyl alcohol first 
in yellow needles, and then, more slowly, in stout, deep orange prisms; both melted at 136—137° 
and gave similar analyses, and the needles changed into the prismatic form when kept in a warm 
place in contact with a solvent for a few hours (Found : C,H,O,N;3, 62-3, 62-4. C,H,,N,C,H,O,N, 
requires C,H,O,N;, 62:0%). Phenacylhexahydrobenzyldimethylammonium bromide separated 
over-night in almost quantitative yield from a benzene solution of its generators, and formed 
nodular aggregates of micro-crystals, m. p. 185—187°, from alcohol-ether (Found: Br, 23-7. 
C,,H,,ONBr requires Br, 23-6%). The picrate crystallised from methyl alcohol in yellow prisms, 
m. p. 123—124° (Found : C,H,O,N,’, 46-5. C,,H,,ON*C,H,O,N, requires C,H,O,N,’, 46-8%). 
The bromide, refluxed for 1 hour with 10% alkali, was recovered unchanged as picrate; when 
boiled with 50% alkali, it slowly charred without dissolving, and from the residue no basic 
material or unchanged salt could be isolated. Heating the salt to 160° with sodamide gave 
similar results. 

(P) ONN-Trimethylhydroxylamine (Major and Fleck, J. Amer. Chem. Soc., 1928, 50, 1480; 
Jones and Major, ibid., p. 2744), on standing for several days with phenacyl bromide in ether, 
gave fine white needles, m. p. 185—186°. Rumpel (/oc. cit.) records m. p. 184—186° for phenacyl- 
dimethylamine hydrobromide (Found: HBr, 33-0. Calc. for C,.H,,ON,HBr: HBr, 33-2%). 

8-Dimethylaminopropiophenone (Mannich and Heilner, Ber., 1922, 55, 356) was added to 
benzyl] chloride (1 mol.) in ether. An oil slowly separated which could not be crystallised, but 
yielded with picric acid dibenzyldimethylammonium picrate, m. p. and mixed m. p. 148—149°. 

o-Hydroxydimethylaniline (Pinnow, Ber., 1899, 32, 1405), left with benzyl chloride in 
benzene for several weeks, yielded large crystals of 0-hydroxyphenylbenzyldimethylammonium 
chloride, which, after recrystallisation from alcohol—ether, formed stout cubes, m. p. 115—116° 
(Found : Cl, 13-3. C,;H,,ONCI requires Cl, 13-5%). The salt, mixed with finely divided soda- 
mide, reacted violently at 110°. The basic products, isolated in dry ether, slowly combined with 
methyl iodide to give a mass of needles which, recrystallised twice from alcohol, melted at 157— 
158° after softening at 110°. The picrate, prepared in aqueous solution, formed orange-yellow 
prismatic needles from methyl alcohol, m. p. 155° (Found: N, 11-8. C,,H,ON°C,H,O,N,; 
requires N, 11-99%). These two compounds were identical (m. p. and mixed m. p.) with the 
corresponding o-benzyloxyphenyltrimethylammonium salts (below). 

o-Nitrophenyl benzyl ether (compare Kumpf, Annalen, 1884, 224, 121), prepared by boiling 
equimolecular quantities of o-nitrophenol, benzyl chloride, and sodium ethoxide in alcohol for 
8 hours, distilled at 210°/12mm. It was reduced by West’s method ; after filtration, the residue, 
and the concentrated and basified filtrate, were separately extracted with ether. On addition 
of concentrated hydrochloric acid, the united extracts deposited white flakes of o-aminophenyl 
benzyl ether hydrochloride, m. p. after recrystallisation from alcohol—ether, 198—199° (Héchster 
Farbwerke, D.R.-P. 141516, gives m. p. 198°). 0o-Benzyloxyphenylirimethylammonium iodide 
was prepared by heating the above hydrochloride with methyl iodide and sodium hydroxide 
solution on the water-bath for 4 hour. On cooling, large crystals separated, which after 
recrystallisation from alcohol melted at 158—159° (softening at 110°) (Found: I, 32-6; loss 
at 100°, 4-8. C,,H,ONI,H,O requires I, 32-8; H,O, 4-65%). 
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70. The Chlorination of the Aceto-o-xylidides. 


By LEONARD E. HINKEL, ERNEsT E. AYLING, and THomas M. WALTERS. 


THE chlorination of aceto-o-3- and 4-xylidide has been fully examined (compare Crossley, 
J., 1904, 85, 277; Hinkel, J., 1920, 117, 1301; Hinkel, Collins, and Ayling, J., 1923, 123, 
2972) and all the chloro-derivatives anticipated in view of the work of Orton and his co- 
workers (compare inter alia, J., 1927, 986) on the chlorination of anilides have been isolated, 
viz., the 4- and the 6-chloro- and the 4 : 6-dichloro-derivative of aceto-o-3-xylidide and the 
3- and the 5-chloro- and the 3 : 5-dichloro-derivative of the o-4-xylidide. 

The extent of chlorination of aceto-o-3-xylidide depended mainly on the temperature ; 
the yield of monochloroaceto-o-3-xylidides varied with the strength of the acetic acid 
employed and was greatest (65%) in glacial acetic acid at 10—12°, chloroamine formation 
being practically eliminated. 4-Chloroaceto-o-3-xylidide was also formed, but its ready 
solubility in organic solvents rendered its isolation difficult. The monochloroaceto-o-3- 
xylidides were most conveniently prepared by chlorination with “ dichloramine T ” 
“(compare Orton and Bradfield, J., 1927, 993), the 4- and the 6-chloro-derivative being 
obtained in yields of 17 and 65% respectively. 

With two molecules of chlorine in glacial acetic acid above 40°, aceto-o-3-xylidide 
yielded 4 : 6-dichloroaceto-o-3-xylidide; at lower temperatures the 6-monochloro-derivative 
also was formed. With excess of chlorine and an increase of temperature, a mixture of 
chloroaceto-o-3-xylidides resulted, from which 4: 6-dichloro- and 4:5: 6-trichloro-o-3- 
xylidine were isolated. 

When treated with hypochlorous acid, according to the method of Chattaway and 
Orton (J., 1899, 75, 1046), aceto-o-3-xylidide yielded a crystalline chloroamine, which was 
readily transformed into a mixture of 4- and 6-chloroaceto-o-3-xylidide. 6-Chloroaceto- 
o-3-xylidide also formed a chloroamine, which could be converted into 4 : 6-dichloroaceto- 
o-3-xylidide, but sufficient 4-chloro-derivative was not available for a similar conversion 
to be realised. 4 : 6-Dichloroaceto-o-3-xylidide, in which both o- and #-positions are 
occupied, similarly formed a chloroamine, but attempts at isomerisation led only to the 
regeneration of the dichloroacetoxylidide. 

Chlorination of aceto-o-4-xylidide in glacial acetic acid with one molecule of chlorine 
or with “ dichloramine T”’ in chloroform gave a mixture of 5-chloroaceto-o-4-xylidide 
(Claus, J. pr. Chem., 1892, 46, 30) and 3-chloroaceto-o-4-xylidide. 

When treated with hypochlorous acid, aceto-o-4-xylidide yielded the crystalline chloro- 
amine, which only partly isomerised into a mixture of 3- and 5-chloroaceto-o-4-xylidide, 
some aceto-o-4-xylidide being recovered. 5-Chloroaceto-o-4-xylidide also formed a 
chloroamine, which could be partly transformed into 3 : 5-dichloroaceto-o-4-xylidide, but 
the similar preparation and transformation of the chloroamine of 3-chloroaceto-o-4-xylidide 
could not be attempted owing to lack of material. 

The ease with which chlorine can be directly introduced into the aceto-o-xylidides 
corresponds completely to the ease with which the transformation of the corresponding 
chloroamines can be effected (compare Chattaway and Orton, J., 1900, 77, 789). Aceto- 
o-3-xylidide can be readily chlorinated and the corresponding chloroamines can also be 
transformed almost quantitatively. The action of chlorine on aceto-o-4-xylidide, however, 
does not proceed so readily and, in dichlorination, 3 : 5-dichloroaceto-o-4-xylidide is 
formed only in very small amount (compare Crossley, Joc. cit.). Corresponding to this, 
the chloroamines of aceto-o-4-xylidide and 5-chloroaceto-o-4-xylidide are only partly 
transformed, appreciable hydrolysis occurring during the reaction. 

Whilst in aceto-o-3-xylidide one ortho- and one para-position are vacant, in aceto-o-4- 
xylidide the two substituting positions are ortho to the acetamido-group and the formation 
of 3-chloroaceto-o-4-xylidide might be retarded by the proximity of the neighbouring 
methyl and acetamido-groups. That such an effect does operate to some extent is shown 
by our results, since complete monochlorination of aceto-o-4-xylidide is never achieved 
and the yield of 3-chloro-derivative never exceeds 20%. 

The constitutions of 6-chloroaceto-o-3-xylidide (Hinkel, Collins, and Ayling, loc. cit.) 
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and 3: 5-dichloroaceto-o-4-xylidide (Crossley, loc. cit.) have already been established 
and 5-chloroaceto-o-4-xylidide has been prepared by Claus (loc. cit.). The constitutions 
of the remaining chloro-compounds have been determined partly from the various intercon- 
versions, both by direct chlorination and through the chloroamines, and partly by the 
synthesis of some of them. 

The 4-chloroaceto-o-3-xylidide described above was identical with a sample prepared 
from 3-nitro-o-4-xylidine (Crossley and Wren, J., 1911, 99, 2342) through 4-chloro-3-nitro- 
o-xylene and 4-chloro-o-3-xylidine. Nitration of 6-chloroaceto-o-3-xylidide yielded 6- 
chloro-4-nitroaceto-o-3-xylidide, the orientation of which was established by de-acetylation 
and reduction to an o-diamine. The constitution of 4 : 6-dichloroaceto-o-3-xylidide is 
shown by its preparation from 6-chloroaceto-o-3-xylidide and by the fact that on hydrolysis 
and de-amination it yielded 3: 5-dichloro-o-xylene. 4: 5: 6-Trichloro-o-3-xylidine was 
prepared by the reduction of 3 : 4 : 5-trichloro-6-nitro-o-xylene (Hinkel, oc. cit.). 

The 5-chloroaceto-o-4-xylidide mentioned above was identical with a specimen prepared 
from 5-nitro-o-4-xylidine (Noelting, Braun, and Thesmar, Ber., 1901, 34, 2248) through 
4-chloro-5-nitro-o-xylene and 5-chloro-o-4-xylidine (compare Claus, loc. cit.). The con- , 
stitution of 3-chloroaceto-o-4-xylidide was established by a similar synthesis from 4-nitro” 
o-3-xylidine (Noelting, Braun, and Thesmar, Joc. cit.). 


EXPERIMENTAL. 


Monochlorination of Aceto-o-3-xylidide.—(1) In acetic acid containing 4—5% of water at 0°. 
The chlorination of aceto-o-3-xylidide (3 g.) was carried out as described by Hinkel, Collins, 
and Ayling (/oc. cit.), but the white solid which separated was immediately collected and crystal- 
lised from aqueous alcohol, yielding 6-chloroaceto-o-3-xylidide (1-44 g.; 40%). 

The acetic acid filtrate on dilution with water deposited a yellow sticky substance, which 
liberated iodine from potassium iodide and was converted on standing into a pink solid. This 
solid was hydrolysed under reflux with 10% sulphuric acid for 2 hours, and the acid solution 
diluted until the acid content was ca. 1%. Steam-distillation yielded an oil. This was sus- 
pended in water, an equal weight of sulphuric acid added, and the mixture steam-distilled ; 
practically pure 4-chloro-o-3-xylidine collected in the distillate. A dried ethereal extract of 
the distillate yielded an oil which, on acetylation, yielded 4-chloroaceto-o-3-xylidide, which 
crystallised from aqueous alcohol or hot water in clusters of fine needles, m. p. 169° (Found : 
Cl, 18-2. CygH,,ONCI requires Cl, 18-0%). 

4-Chloroaceto-o-3-xylidide, hydrolysed with 10% sulphuric acid as described above, gave 
4-chloro-o-3-xylidine as a colourless oil, which rapidly became coloured in the air. 

The acid residues after steam-distillation were basified and steam-distilled and the oil col- 
lected was acetylated, a further small yield (0-2 g.; 5%) of 6-chloroaceto-o-3-xylidide being 
obtained. 

(2) In glacial acetic acid at 10—12°. The chlorination of aceto-o-3-xylidide (3 g.) was re- 
peated in glacial acetic acid (30 c.c.), which was kept partly frozen throughout the experiment. 
A white solid separated, and one crystallisation yielded 6-chloroaceto-o-3-xylidide (2-2 g.; 
61%); a further small amount (0-15 g.; 4%) was obtained from the acetic acid filtrate on 
dilution with water. The residue, treated as described above, yielded a small quantity of 4- 
chloroaceto-o-3-xylidide. 

(3) By means of “‘ dichloramine T.”’ Aceto-o-3-xylidide (5 g.) in chloroform was treated 
with “‘ dichloramine T ”’ (see Orton and Bradfield, Joc. cit.). The chloro-o-xylidines obtained 
after hydrolysis and steam-distillation were collected in ether, dried, and acetylated with the 
requisite amount of acetic anhydride, alsoin ether. Evaporation of the ether and crystallisation 
from aqueous alcohol yielded 6-chloroaceto-o-3-xylidide, the mother-liquor yielding a mixture 
of 6- and 4-chloroaceto-o-3-xylidide, which was separated by the method described above. 
Total yield : 6-chloro-, 3-9 g. (65%) : 4-chloro-, 1-0 g. (17%). 

Dichlorination of Aceto-o-3-xylidide.—Chlorine was passed into a solution of aceto-o-3-xylidide 
(5 g.) in glacial acetic acid (50 c.c.) at 40—50° until the gain in weight corresponded to the 
substitution of two chlorine atoms. The yellow solution, poured into much water, yielded 
4 : 6-dichloroaceto-o-3-xylidide (6-75 g.; 96%), which crystallised from acetone, aqueous alcohol, 
or hot water in clusters of fine white needles, m. p. 188° (Found: Cl, 30-4. C,H,,ONCI, 
requires Cl, 30-6%). 

When this xylidide (10 g.) was hydrolysed by heating under reflux with hydrochloric acid 
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(200 c.c.) for 4 hours, and the product basified and distilled in steam, 4 : 6-dichloro-0-3-xylidine 
was obtained; it crystallised from aqueous alcohol in clusters of radiating needles, m. p. 44° 
(Found: Cl, 37-4. C,gH,NCl, requires Cl, 37-3%). 

Chlorination of Aceto-o-3-xylidide with Excess of Chlorine.—Excess of chlorine was passed 
into a solution of aceto-o-3-xylidide (5 g.) in glacial acetic acid (50 c.c.) at 70°. The yellow 
solution, poured into water, yielded a solid, which was hydrolysed under reflux with 40% 
sulphuric acid for 4 hours; the product was basified and distilled in steam, two fractions being 
collected : (1) 4: 6-dichloro-o-3-xylidine, which distilled fairly rapidly; (2) a second solid, 
which distilled slowly, and after crystallisation from light petroleum (b. p. 40—60°) and then 
several times from hot alcohol, gave 4: 5: 6-trichloro-o-3-xylidine as fine hair-like needles, 
m. p. 207° (Found : Cl, 47-2. C,H,NCl, requires Cl, 47-3%). 

Chlorination of 6-Chloroaceto-o-3-xylidide.—Into the xylidide (2 g.) in glacial acetic acid 
(20 c.c.) at 50°, chlorine was passed until the gain in weight corresponded to the substitu- 
tion of one chlorine atom. The mixture was poured into water, and the precipitated solid 
recrystallised from acetone, yielding 4 : 6-dichloroaceto-o-3-xylidide, m. p. 188° (2-1 g.; 
90%). 

Nitration of 6-Chloroaceto-o-3-xylidide.—The xylidide (4 g.) in glacial acetic acid (4 c.c.) 
was gradually added to a mixture of nitric acid (d 1-5; 9 c.c.) and glacial acetic acid (3 c.c.), 
and the whole heated on a steam-bath for 30 minutes and poured into water. The precipitated 
6-chloro-4-nitroaceto-0-3-xylidide (4-6 g.; 95%) crystallised from alcohol in felted needles, m. p. 
196-5° (Found : Cl, 14-9. C,jH,,0O,N,Cl requires Cl, 14-6%). 

6-Chloro-4-nitroaceto-o-3-xylidide (4 g.) was heated under reflux for 1 hour with 40% 
sulphuric acid (200 c.c.), and the product cooled, diluted, and rendered alkaline with ammonia. 
The orange precipitate (3-2 g.; 98%) crystallised from alcohol in long fine needles, m. p. 143°, 
of 6-chloro-4-nitro-o-3-xylidine (Found: Cl, 17-7. C,H sO,N,Cl requires Cl, 17-7%). This 
nitro-compound, reduced in alcoholic solution with sodium hydrosulphite, yielded an o-diamine 
(phenanthraquinone test). 

N-Chloroaceto-o-3-xylidide Aqueous potassium hypochlorite (prepared by addition of 
potassium bicarbonate, 12 g., to a saturated solution of bleaching powder, 200 c.c., at 30° and 
filtration) was added during 1 hour to an ice-cooled and well-shaken suspension of aceto-o-3- 
xylidide (2 g.) in water (120 c.c.). After 12 hours, the N-chloroaceto-o-3-xylidide (2-3 g.; 96%) 
was collected, dried, and crystallised from well-cooled chloroform, forming prismatic clusters, 
m. p. 945° (Found: Cl, iodometric, 18-0. C,)9H,,ONCI requires Cl, 18-0%). 

The chloroamine (3-3 g.) was transformed by cautious warming on the water-bath. Crystal- 
lisation of the product from aqueous alcohol yielded 6-chloroaceto-o-3-xylidide (2-05 g.; 62%), 
and the residuum in solution, treated as described on p. 284, yielded 4-chloroaceto-o-3-xylidide 
and a further small amount of 6-chloroaceto-o-3-xylidide. 

N : 6-Dichloroaceto-o-3-xylidide, prepared from 6-chloroaceto-o-3-xylidide in a manner 
similar to that described above, crystallised from well-cooled chloroform-—light petroleum (b. p. 
40—60°) in small prisms, m. p. 81° (Found: Cl, iodometric, 15-2. C,H,,ONCI, requires Cl 
as ‘NCl, 15-3%). Transformation into 4 : 6-dichloroaceto-o-3-xylidide occurred vigorously 
when the chloroamine was heated with dilute acetic acid; the product contained a small amount 
of 6-chloroaceto-o-3-xylidide. 

N : 4: 6-Trichloroaceto-o-3-xylidide.—A solution of aceto-o-3-xylidide (2 g.) in glacial acetic 
acid (10 c.c.) was poured into a large excess (200 c.c.) of 0-5N-bleaching powder solution. The 
finely precipitated aceto-o-3-xylidide gradually clotted and melted to an oil on warming. The 
latter was dissolved in glacial acetic acid and re-precipitated by pouring into excess of bleaching 
powder solution. The oil, so obtained, after extraction with chloroform, only partly solidified. 
Boiling with dilute acetic acid slowly decomposed the compound to give 4: 6-dichloroaceto- 
o-3-xylidide. 

Chlorination of Aceto-0-4-xylidide.—(1) In acetic acid with chlorine. Chlorine was passed 
into an ice-cooled solution of aceto-o-4-xylidide (3 g.) in glacial acetic acid (15 c.c.) until the 
gain in weight corresponded to the substitution of one chlorine atom; a white solid separated. 
The mixture was poured into water, and the precipitated solid collected and hydrolysed under 
reflux with 20% sulphuric acid. The acid liquor was diluted to ca. 2% and distilled in steam, 
and the mixture of amines obtained extracted with ether. The dried ethereal solution, after 
acetylation, yielded a mixture of monochloroaceto-o-4-xylidides (1-7 g.; 56%), which, on 
fractional crystallisation from aqueous alcohol, was resolved into 5-chloroaceto-o-4-xylidide, 
glistening plates, m. p. 157° (Found: Cl, 17-8. Calc.: Cl, 18-0%) (Claus, Joc. cit., records 
m. p. 154°), and 3-chloroaceto-o-4-xylidide, clusters of radiating needles, m. p. 114° (Found : 
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Cl, 18-1. C,)H,,ONCI requires Cl, 18-0%). The residual acid liquor, made alkaline and dis- 
tilled in steam, yielded unchanged o0-4-xylidine (0-3 g.; 10%). 

3-Chloroaceto-o-4-xylidide (2 g.) was heated under reflux with 10% sulphuric acid (100 
c.c.) foran hour. The product was made alkaline and distilled in steam. 3-Chloro-o-4-xylidine, 
isolated by means of ether, solidified at — 10° and then crystallised from light petroleum (pb. p. 
60—80°) in long felted needles, m. p. 26° (Found : Cl, 22-95. C,H, NCI requires Cl, 22-8%). 

5-Chloroaceto-o-4-xylidide, hydrolysed as described above, yielded 5-chloro-o-4-xylidine, 
which crystallised from well-cooled light petroleum (b. p. 40—60°) or aqueous alcohol in clusters 
of flat plates, m. p. 87-5° (Found: Cl, 22-8. Calc.: Cl, 22-8%) (Claus, loc. cit., records m. p. 
86°). 
Both 3- and 5-chloro-o-4-xylidine are much less basic than the monochloro-o-3-xylidines, 
their salts with hydrochloric and sulphuric acids being completed dissociated in dilute solution. 

(2) In chloroform with “‘ dichloramine T.’’ Aceto-o-4-xylidide (10 g.) and “ dichloramine 
T” (93%; 8-0 g.) were dissolved in chloroform (50 c.c.) and cooled, and hydrochloric acid 
(8 drops) added. Subsequent treatment as previously described gave a mixture of mono- 
chloroaceto-o-4-xylidides (6-25 g.; 67%), which was resolved by fractional crystallisation from 
aqueous alcohol into 5-chloroaceto-o-4-xylidide (4-5 g.; 48%) and 3-chloroaceto-o-4-xylidide 
(1-75 g.; 19%). 

The acid residue from the steam-distillation of the monochloro-o-4-xylidines, on basification 
and distillation in steam, yielded unchanged o0-4-xylidine (1-65 g.; 22%). 

N-Chloroaceto-o-4-xylidide, prepared by the method previously described for the correspond- 
ing derivative of aceto-o-3-xylidide, was very soluble in chloroform and benzene and crystallised 
from light petroleum (b. p. 60—80°) in prisms, m. p. 55° (Found: Cl, iodometric, 17-9. 
Cy9H,,ONCI requires Cl, 18-0%). When pure, it can be kept for months in a dry atmosphere. 
If slightly impure or moist, however, it reddens rapidly and changes into a sticky liquid. When 
warmed with chloroform or acetic acid, it yielded a mixture of monochloroaceto-o-4-xylidides 
(50%) and aceto-o-4-xylidide (25%). 

N : 5-Dichloroaceto-o-4-xylidide was best prepared by agitating finely powdered 5-chloro- 
aceto-o-4-xylidide (2 g.) with a slight excess (200 c.c.) of warm N/2-bleaching powder solution 
made faintly acid with acetic acid (yield, 2-0 g.; 90%). It crystallised from well-cooled chloro- 
form in prisms, m. p. 74° (Found: Cl, iodometric, 15-1. C,9H,,ONCI, requires Cl, as <NCI, 
15-3%). 

The chloroamine, dissolved in chloroform or acetic acid, is transformed slowly into 3: 5- 
dichloroaceto-o-4-xylidide at the ordinary temperature. The transformation was accelerated 
by warming a solution of the chloroamine (2 g.) in acetic acid (10 c.c.), to which a few drops 
of sulphuric acid had been added, on the steam-bath for 2 days. The product was hydrolysed 
with 10% sulphuric acid, basified, and distilled in steam, a mixture of 3 : 5-dichloro-o-4-xylidine 
and 5-chloro-o-4-xylidine being obtained. The amines were acetylated and resolved by 
crystallisation from aqueous alcohol into 3 : 5-dichloroaceto-o-4-xylidide (0-86 g.; 48%) and 
5-chloroaceto-o-4-xylidide (0-2 g.; 10%). 

Synthesis of 4-Chloroaceto-o-3-xylidide.—Accumulated residues of dinitro-o-xylenes obtained 
from the nitration of o-xylene according to the several methods described by Crossley and 
Renouf (J., 1909, 95, 206) were fractionally distilled under reduced pressure; the fraction, 
b. p. 185—200°/17 mm., after one crystallisation from sulphuric acid and one from alcohol, 
gave pure 3 : 4-dinitro-o-xylene, m. p. 82°. 

3-Nitro-o-4-xylidine (Crossley and Wren, J., 1911, 99, 2342) (4 g.) was suspended in hydro- 
chloric acid (15 c.c.) and water (100 c.c.) and diazotised. Treatment with cuprous chloride, 
followed by steam-distillation, yielded 4-chloro-3-nitro-o-xylene (2-5 g.; 60%), which crystallised 
from aqueous alcohol in long, thin, pale yellow plates, m. p. 75° (Found : Cl, 18-2. C,H,O,NCl 
requires Cl, 19-1%). 

The chloro-compound (1 g.), suspended in 5% acetic acid (200 c.c.), was warmed under 
reflux with iron filings (10 g.) for 4 hours. Basification and distillation in steam, followed by 
acetylation of the amine in ether, gave an acetyl derivative (1-0 g.; 93%), m. p. 169° (after 
crystallisation from aqueous alcohol), unchanged by admixture with the 4-chloroaceto-o-3- 
xylidide previously obtained. 

Constitution of 4: 6-Dichloro-o-3-xylidine.—The xylidine (1 g.) was dissolved in 50% sul- 
phuric acid (10 c.c.) and diazotised at 0°, and the solution poured into boiling alcohol (20 c.c.) 
and heated for 30 minutes. Steam-distillation and extraction with ether yielded 3: 5-di- 
chloro-o-xylene as a pale yellow oil, which solidified in a freezing mixture (compare Crossley 
and Le Sueur, J., 1902, 81, 1535; Crossley and Wren, J., 1910, 97, 98) and yielded on nitration 
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3 : 5-dichloro-4 : 6-dinitro-o-xylene, m. p. 175°, unchanged by admixture with an authentic 
specimen (compare Crossley, /oc. cit.). 

4:5: 6-Trichloro-o-3-xylidine.—3 : 4 : 5-Trichloro-6-nitro-o-xylene, m. p. 169° (Hinkel, 
J., 1920, 117, 1301; the m. p. was previously recorded in error as 149°), was heated with iron 
filings and glacial acetic acid for 4 hours on a water-bath. Dilution, basification, and steam- 
distillation yielded a solid, which distilled slowly and crystallised from ethyl acetate in fine 
hair-like needles, m. p. 207°, unchanged by admixture with the above 4: 5: 6-trichloro-o-3- 
xylidine. 

Synthesis of 5-Chloroaceto-o-4-xylidide.—5-Nitro-o-4-xylidine, prepared from o0-4-xylidine 
(compare Noelting, Braun, and Thesmar, loc. cit.), was dissolved, 1 g. at a time, in hydrochloric 
acid (5 c.c.), and water (3 c.c.) added. The precipitated hydrochloride, diazotised at 20° and 
treated with cuprous chloride, yielded 5-chloro-4-nitro-o-xylene (0-7 g.; 64%), which crystallised 
from alcohol in long, fine, pale yellow needles, m. p. 63° (Claus and Groneweg, J. pr. Chem., 
1891, 43, 257, record m. p. 73° for the compound, obtained by nitration of 4-chloro-o-xylene, 
which they considered to be 5-chloro-4-nitro-o-xylene, but which was probably a mixture) 
(Found: Cl, 19-3. C,H,O,NCl requires Cl, 19-1%). 

5-Chloro-4-nitro-o-xylene was reduced with iron and 5% acetic acid, as described above, 
and the resulting amine acetylated. The acetyl derivative crystallised from dilute alcohol 
in glistening plates, m. p. 157°, unchanged by admixture with the 5-chloroaceto-o-4-xylidide 
described above (Found: Cl, 17-8. Calc.: Cl, 18-0%). 

Synthesis of 3-Chloroaceto-0-4-xylidide.—4-Nitro-o-3-xylidine was prepared by a modification 
of the method of Noelting, Braun, and Thesmar (loc. cit.). Aceto-o-3-xylidide (2 g.) was added 
during 15 minutes to a mixture of nitric acid (d 1-5, 19 c.c.) and glacial acetic acid (5 c.c.) cooled 
to— 10°. After 15 minutes, the whole was poured into ice-water. The solid obtained (2-0 g. ; 
80%), consisting of the three isomeric nitroaceto-o-3-xylidides, was dissolved in hydrochloric 
acid mixed with an equal volume of water, and distilled in steam, yielding pure 4-nitro-o-3- 
xylidine, m. p. 119° (0-83 g.; 52%). 

4-Nitro-o-3-xylidine, suspended, in quantities of 1 g., in hydrochloric acid (8 c.c.) and water 
(5 c.c.), was diazotised at 20°. Subsequent treatment as above yielded 3-chloro-4-nitro-o- 
xylene (0-9 g.; 80%), which crystallised from well-cooled alcohol in fine yellow needles, m. p, 
46° (Found: Cl, 19-2. Calc.: Cl, 19-1%). This was reduced with iron and 5% acetic acid, 
and the resulting amine acetylated. The acetyl derivative crystallised from aqueous alcohol 
in clusters of radiating needles, m. p. 114°, unchanged by admixture with the above 3-chloro- 
aceto-o-4-xylidide (Found : Cl, 18-1. Calc.: Cl, 18-0%) 
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71. The Alkaloids of Alstonia Barks. Part I. A. constricta, 
F, Muell. 


By Tuomas M. SHARP. 


SINCE Cinchona bark became known to Europeans three centuries ago, its galenical prepar- 
ations and its chief alkaloid, quinine, have until recently been the only remedies available 
for the treatment and prophylaxis of malaria. Increased knowledge of the etiology of 
the disease has thrown doubt on the status of Cinchona as a real anti-malarial specific, 
and has led to the remarkable activity shown in recent years in the search for additional 
anti-malarials. This search is being conducted along three main lines: (a) synthesis of 
drugs of new types, (6) modifications in the structure of Cinchona alkaloids, and (c) in- 
vestigation of natural drugs having local reputations as febrifuges or remedies for malaria. 
The Alstonias belong to group (c). Two species, A. scholaris and A. constricta, were 
recognised in the British Pharmacopeeia of 1914, and A. scholaris and other representatives 
of the genus have been used in West Africa, Malaya, and the Philippine Islands. Previous 
work in these laboratories has shown that echitamine, C.,H,,0,N. (Goodson and Henry, 
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J., 1925, 127, 1640), is the principal alkaloidal constituent of A. congensis, A. scholaris, 
A. Gilletii, A. angustiloba, and A. spathulata, but is not present in A. constricta, A. macro- 
phylla, or A. villosa (Goodson, J., 1932, 2626), and it is with the first of the latter group 
that the present paper is concerned. 

Botanically, A. constricta differs very much from the typical Alstonias (Bentham and 
von Miiller, Flora Australiensis, 1869, 4, 314), and early work of Hesse has shown that its 
alkaloids are quite different from echitamine (Annalen, 1865, Suppl. IV, 40; 1880, 205, 
360; Ber., 1878, 11, 1546). The bark of this species appears to have been first examined 
by Palm (Vierteljahresschr. pr. Pharm., 1863, 12, 161) and later by von Miiller and Rummel 
(J., 1879, 35, 31) and Oberlin and Schlagdenhauffen (J. Pharm., 1879, 28, 576). Hesse 
(loc. cit.) isolated three alkaloids, alstonine (chlorogenine), alstonidine, and porphyrine. 
Alstonine, the most abundant alkaloid, was described as a brown amorphous mass, which 
could be rubbed to a brownish-yellow powder. Its hydrate (3-5 H,O) melted under 100°, 
while the anhydrous base was only liquid at 195°. Its formula was given as Cy,H590,N,. 
The salts were amorphous and readily precipitated by acids from their aqueous solutions. 
Solutions of base or salts showed a strong blue fluorescence. Porphyrine was obtained in 
white flocks melting at 97° and showing a weak blue fluorescence in solution. Alstonidine 
crystallised in colourless needles, m. p. 181°, and formed colourless crystalline salts, but 
was obtained in quantity too small for analysis. This alkaloid also showed a blue fluor- 
escence in solution. 

Three samples of bark have now been examined; the first was purchased in Australia, 
the second and third were kindly supplied by Mr. A. R. Penfold, Curator of the Tech- 
nological Museum, Sydney, and Mr. C. T. White, Government Botanist, Queensland. 
The last sample was described as A. mollis, Benth., which according to Mr. White is now 
regarded as a variety of A. constricta. Mr. T. E. Wallis, B.Sc., who has been good enough 
to examine the three barks, considers them identical. All three barks yield the same 
alkaloids, but in different amounts, the bark described as A. mollis being the richest. 

The isolation of the alkaloids offers some difficulty owing to the instability of the bases 
and the quantity of tarry alkaloidal material thrown down on the addition of alkali to 
the acid extracts or on agitation with chloroform; but the method described in the experi- 
mental part can be successfully repeated so long as it is carried out rapidly. There are 
at least four alkaloids present, of which only one has been obtained crystalline. Although 
it is not easy from Hesse’s description to identify these with the alkaloids obtained by him, 
it is clear that the one obtained crystalline now is Hesse’s amorphous alstonine and it is 
proposed to retain that name for it. The other alkaloids are provisionally named A, 
B, and C. They have not been obtained pure, but there is sufficient difference in their 
properties to indicate clearly that they are different. A is a relatively weak base which 
is liberated from its salts by sodium carbonate, B a strong base only liberated by caustic 
alkalis, and C is a very soluble base isolated by precipitation with mercuric chloride after 
removal of the other alkaloids. Definite proof is lacking, but the author inclines to the 
view that A and the tarry alkaloidal material described above may be decomposition 
products of alstonine. 

The salts of alstonine are yellow to orange in colour and crystallise well, but the base, 
although it can readily be obtained crystalline, cannot be recrystallised without decom- 
position and rapidly becomes brown on exposure to air, or even in an evacuated desiccator. 
The most characteristic salt is the sulphate, which is very soluble in methyl alcohol, but 
practically insoluble in dry ethyl alcohol, whilst the picrate, which has a sharp melting point, 
is most suitable for identification. The salts are soluble in water to yellow or orange 
solutions, which show a strong blue fluorescence on dilution, and are readily reprecipitated 
on the addition of acids or alkali metal salts. The freshly precipitated base is soluble in 
chloroform or benzene, forming yellow solutions which show no fluorescence. On standing, 
or if the base is not pure, the solutions exhibit a strong green fluorescence, hence Hesse’s 
earlier name “ chlorogenine.”” Analyses of the salts of alstonine indicate the formula 
Cy;Hg9O,N.. The base, prepared from a pure salt by precipitation with sodium carbonate, 
forms an orange-coloured varnish, which is converted into a yellow microcrystalline powder 
on rubbing with water, and forms a fetrahydrate. Crystallised from absolute alcohol and 
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air-dried, it appears to have 1} mols. of water, but the anhydrous substance could not 
be obtained owing to decomposition at elevated temperatures. 

Alstonine contains one methoxy-group, but no methyl attached to nitrogen, and readily 
forms a monomethiodide ; so one of the nitrogen atoms is tertiary. One only of the nitrogen 
atoms is basic, but the base is capable of forming acid salts with dibasic acids such as 
sulphuric and oxalic acids. The function of the second nitrogen has not been determined ; 
the base does not react with acetic anhydride, benzoyl chloride, or nitrous acid. It does 
not give any of the colour reactions for indole, such as are given by echitamine, and it is 
unaffected by catalytic hydrogenation. The absence of phenolic hydroxyl groups is 
indicated by its insolubility in sodium hydroxide solution, and the absence of alcoholic 
hydroxyl groups by its indifference to acetic anhydride; it also fails to give a reaction 
for methylenedioxy-groups when tested with Gaebel’s reagent. 

The pharmacological action of alstonine sulphate has been examined by Dr. A. C. 
White at the Wellcome Physiological Research Laboratories, whose results are shown in 
the following table :— 


Concentration. Organ. Action. 

1; 25,000—1: 12,000 Isolated rabbit uterus Causes contraction and increased tone. The 
adrenaline response is abolished or reduced, and 
reappears after repeated washing. 

1 : 25,000 Isolated guinea pig uterus Contraction and increased tone. 


1 : 25,000 Isolated rabbit intestine Increased movement. 


Alstonine sulphate in doses of 2 mg. per kilogram causes, in the anesthetised cat, a 
fall in the blood pressure which is unaffected by atropine. The adrenaline response is 
considerably reduced, but can be potentiated by the injection of cocaine. Dr. Buttle of 
the same laboratories reports that alstonine sulphate is inactive in bird malaria. It thus 
joins echitamine, akuammine, and harmine as drugs whose local reputations as anti- 
malarials cannot be confirmed by modern methods of investigation (Goodson, Henry, and 
Macfie, Biochem. J., 1930, 26, 874). 


EXPERIMENTAL. 


In the earlier experiments, the finely powdered bark was first exhausted in a Soxhlet ex- 
tractor with petroleum (b. p. 40—60°) in the hope of isolating Hesse’s base porphyrine, but as 
only traces of alkaloid were removed by the process, this step was omitted in the later batches, 
and the following method was adopted. The powdered bark (900 g.) was moistened with 
alcohol, packed into a large copper Tutin extractor (Allen’s ‘‘ Commercial Organic Analysis,” 
5th Ed., Vol. VII, p. 8) and extracted with alcohol during 4 days. The solvent was evaporated 
and the black viscous residue extracted with 0-5% sulphuric acid (300 c.c.), filtered under 
gravity from insoluble fatty material, the filtrate diluted with an equal volume of water and, 
after an hour, filtered again from precipitated impurities. Soluble impurities were removed 
from the clear filtrate by many extractions with ether. Chloroform (250 c.c.) was then added 
to the aqueous solution, and the mixture was treated with 10% sodium carbonate solution 
(35 c.c.), added in seven portions, the mixture being shaken vigorously after each addition. 
The almost black chloroform layer was separated, and the aqueous portion extracted several 
times with fresh chloroform. The mixed chloroform extracts were shaken for about a minute 
with sodium sulphate, filtered rapidly, and at once extracted with sufficient N-sulphuric acid 
(about 6 c.c.) to make the solution acid to litmus but not to methyl-orange. On evaporation, 
this solution furnished the sulphate of base A. During the extraction of the alkaline liquid 
with chloroform a considerable amount of black tarry material was deposited on the sides of 
the separator and rapid manipulation was necessary in order to reduce this to a minimum. 
After the removal of base A the solution was treated with a further quantity of 10% sodium 
carbonate solution (60 c.c.), added in portions of about 10 c.c., several shakings with chloroform 
being made after each addition. The united chloroform extracts, after drying fora few moments, 
were treated in the same fashion with N-sulphuric acid (usually about 28 c.c.). (The chloroform 
extract at this stage was of a deep red-brown colour; as the concentration of base in chloroform 
was lowered by the removal of alkaloid as sulphate to the aqueous layer, the characteristic 
bright green fluorescence of the impure base in chloroform solution became apparent, and, 
when all the base had been removed, the fluorescence practically disappeared and the chloroform 
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was of a pale yellow colour.) The acid extract was evaporated to dryness, and the residue, 
on boiling with absolute alcohol, furnished a/stonine sulphate as an orange-coloured crystalline 
powder, and a further quantity of amorphous sulphate of A. A third alkaloid, provisionally 
called B, was obtained by extraction with chloroform after the addition of a strong solution 
of sodium hydroxide and, after acidification, a fourth alkaloid, C, was precipitated as a pale 
yellow powder by the addition of mercuric chloride. These have so far not yielded any crystal- 
line derivatives. The tar thrown down on addition of alkali furnished a further quantity of 
alstonine sulphate and A sulphate after extraction with dilute sulphuric acid and treatment 
with sodium carbonate and chloroform in the manner described above. The yields of alkaloids 
from the three barks are shown in the table: B and C were small in quantity and are not in- 
cluded, as the figures are incomplete, several of the earlier batches having been worked through 
in a number of different ways before this method was adopted. The commercial specimen 


Alstonine sulphate, g. 
Sulphate - A . Alstonine 
Weight, of A. From main sulphate, Sulphate 
Bark. a Total, g. extract. From tar. %- of A, %. 
Commercial sample 93°2 120-25 19°1 0°92 0°62 
Penfold’s sample 91°3 142-50 25:1 1-48 0°81 
** Mollis ’’ sample , 44°65 69°00 8-0 2°64 1-53 





was about 20 years old, and the amount of crystalline alkaloid recorded is probably lower than 
the real figure, as the method of isolation was worked out on this bark. The best yield obtained 
from any individual batch of the bark was 1-33%. The specimen labelled ‘“ mollis” gave a 
much cleaner extract and furnished less tar than the other two barks. 

For the purification of the alkaloid, the sulphate was dissolved in methyl alcohol, filtered 
from a small amount of brick-red substance, and treated with two volumes of absolute alcohol. 
After some time the sulphate separated in pale orange, stout rods, which frothed at 209° (corr.) ; 
[a]p + 118-6 * (c = 1-042, water) [Found : loss at 120° in a vacuum, 10-2. 

(Co1H 9O3N g)2,H,SO,,5H,O 
requires loss of 5H,O, 10-2%. Found, on dry salt: C, 63-3, 63-1; H, 5-35, 5-4; N, 6-8, 6-9; 
S, 4-2, 4-1; OMe, 7-8, 7-8; NMe, nil. (C.;H 9O3;N,)2,H,SO, requires C, 63-45; H, 5-3; N, 
7:05; S, 4-0; OMe, 7-8%]. The acid sulphate, obtained by addition of the calculated quantity 
of dilute sulphuric acid to the normal sulphate, separates from dry alcohol in yellow prismatic 
needles, m. p. 246—248° (decomp., corr.); [a]p = 113-1° (c = 1-034, water) (Found, on salt 
dried at 110° in a vacuum: C, 57-1, 57-2; H, 5-25, 5-3; N, 6-05, 6-2; S, 7-1; OMe, 7-15, 7-1; 
NMe, nil. C,,H  O,N,,H,SO, requires C, 56-5; H, 5-0; N, 63; S, 7-2; OMe, 7-0%). The 
hydrochloride, obtained by treatment of the sulphate with barium chloride, forms aggregates 
of yellow, stout, pentagonal plates from absolute alcohol, m. p. 286° (decomp., corr.) ; it shows 
a brilliant purple fluorescence in alcoholic solution; [«]) + 131-9° (¢c = 1-064, water) (Found : 
C, 66-0, 66-15; H, 5-3, 5-6; N, 7-3, 7-2; Cl, 9-55; OMe, 8-3, 8-2; NMe, nil. C,,H,,O,N,,HCl 
requires C, 65-5; H, 5-5; N, 7-3; Cl, 9-2; OMe, 8-1%). Some of the analyses for this salt 
and for the nitrate and acid sulphate agree better with the formula C,,H,,0,N,, but the analyses 
as a whole are more in agreement with the formula given. The acid oxalate separates from 
alcohol in rosettes of soft yellow needles, m. p. 239° (decomp., corr.) (Found: C, 63-05, 63-05; 
H, 5-3, 5-4; N, 6-4, 6-5; OMe, 7-2, 7:2. C,,H  O,N,,C,H,O, requires C, 63-0; H, 5-1; N, 
6-4; OMe, 7-1%). The nitrate forms rosettes of stout orange-coloured needles from alcohol, 
m. p. 262—263° (decomp., corr.) after blackening at 230° (Found: C, 61-85, 61-8; H, 5-2, 
5:3; N, 9-9, 10:0; OMe, 7-5, 7-6. C,,H,0O,;N,,HNO, requires C, 61-3; H, 5-15; N, 10-2; 
OMe, 7-55%). The picrate forms rosettes of stout reddish-orange needles from alcohol, m. p. 
194—195° (corr.) (Found: C, 56-4, 56-4; H, 4-3, 4-25; N, 12-3, 12-2. C,,H..0O,N,,C,H,O,N; 
requires C, 56-1; H, 4:0; N, 12-1%). The Aydriodide separates from methyl alcohol in pale 
yellow, triangular leaflets, m. p. 291° (decomp., corr.) (Found: I, 26-6, 26-5; OMe, 6-6, 6-7. 
C,,H»O,N,,HI requires I, 26-65; OMe, 6-5%). Alstonine base is thrown down as an orange- 
coloured resin, which adheres to the sides of the vessel, on the addition of excess of sodium 
carbonate to an aqueous solution of a salt. After being washed with water, the resin on long 
stirring with water is converted into a yellow microcrystalline powder, which appears to be a 
tetrahydrate (Found, on air-dried material: C, 60-0, 59-8; H, 6-8, 6-6; N, 6-7, 6-5; OMe, 7-9, 
7:8. C,,H»O,N,,4H,O requires C, 60-0; H, 6-7; N, 6-7; OMe, 7-4%. Found, on base dried 
at 55° in a vacuum: C, 70-65, 70-6; H, 5-9, 5-8; N, 7-55, 7-8; OMe, 9-0. C,,H,,0,;N,,3H,0 


* All the rotations were done on solutions of the dry salts. 
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requires C, 70-55; H, 5-9; N, 7-85; OMe, 8-7%). The base darkens considerably at a higher 
temperature and the anhydrous base could not be obtained. The tetrahydrate sinters at 77° 
and forms a transparent red froth at 130°. It is soluble in cold absolute alcohol and the solu- 
tion deposits fine canary-yellow crystals almost at once. These, after air-drying, appear to 
contain 1}H,O (Found: C, 67-7, 67-8; H, 6-1, 6-15; N, 7-5, 7-6; OMe, 8-3, 8-3. 
C,,Hg03N_,1JH,O requires C, 68-0; H, 6-1; N, 7-6; OMe, 84%). This hydrate became 
brown on drying at 55° in a vacuum and satisfactory analytical numbers could not be obtained 
on the dried substance. The base could not be recrystallised without considerable loss. It 
sinters at 87°, resolidifies on further heating, and decomposes sharply at 254° (corr.). A mono- 
methiodide, obtained by warming the base gently with excess of methyl iodide, crystallised 
from methyl alcohol in rosettes of soft yellow needles, which decomposed at 246° (corr.) after 
shrinking at 242° (Found: C, 54-1; H, 4:9; N, 5-8; OMe, 6-35; NMe,.5-6. C,,H..0O,N,,CH,I 
requires C, 53-9; H, 4:7; N, 5:7; OMe, 6-3; NMe, 59%). The quaternary base was 
obtained as a reddish-brown resin by treatment with thallium sulphate and barium hydroxide 
and evaporation on a water-bath in an open dish. It is soluble in water to an orange-coloured 
liquid, which shows a strong blue fluorescence. Attempts to degrade the base by Hofmann’s 
method were unsuccessful. With acetyl chloride alstonine was converted into the hydro- 
chloride, but no acetyl derivative was formed. 


The author thanks Dr. T. A. Henry for suggesting the work and for his interest and advice 
during its execution, Mr. W. A. Cowdrey for his able assistance in the isolation of the alkaloids, 
Messrs. A. Bennett and H. C, Clarke for the micro-analyses, and Dr. H. A. D. Jowett for the 
arrangements for the extraction of some of the bark. 
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72. Active Charcoal, Part II. The Constitution of the Surface and 
the Activated Adsorption of Water. 


By CHARLES OCKRENT. 


In recent years adsorption by active charcoal has been extensively investigated, and from 
the results of adsorption measurements, various theories have been advanced to account 
for the mechanism of adsorption and for the possible surface constitution of active charcoal. 
It is, however, unfortunate that no precise definition has been formulated to characterise 
“active charcoal,” and this has resulted in the rather loose acceptance of the term as 
applying to any charcoal which has undergone all manner of treatments subsequent to its 
production by some form of carbonisation from diverse organic substances. To provide 
some standard of comparison in adsorption measurements, it has been emphasised recently 
that a more rigid control of experimental material is necessary, and it is clearly desirable, 
in view of its extensive use, to limit the term “ charcoal” to some clearly defined homo- 
geneous substance. For these reasons it is suggested to restrict the name to those com- 
pletely carbonised substances which contain a preponderating proportion of the element 
carbon and comparatively small proportions of the elements oxygen and hydrogen; the 
admission of the latter is permissible, since water is invariably present owing to con- 
densation of the vapour from the atmosphere. This involves no serious restriction for 
investigations in surface chemistry, since there are abundant supplies of organic materials 
which can furnish the charcoal and contain only the permissible elements. That foreign 
impurities considerably influence the mechanism of adsorption is well known; e¢.g., Bur- 
stein and Frumkin (Trans. Faraday Soc., 1933, 28, 273) have shown the marked increase 
in the adsorption of hydrogen by active charcoal caused by the addition of 0-2% of platinum, 
and this is a small quantity compared with the inorganic ash content of many charcoals 
which are extensively employed. Polanyi (bid., p. 317) has also pointed out that ions on 
the surface of adsorbents such as charcoal, silica gel, oxides, etc., can act as strong 
electrical centres for the adsorption of molecules of large dipole moment. 

Schilov and his collaborators (Z. physikal. Chem., 1930, A, 148, 233; 149, 211) have 
attempted to classify active charcoals with particular reference to their adsorbing capacity 
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for inorganic acids and bases, and conclude that, under given conditions of temperature 
and pressure, surface oxides are produced which are of an acid, basic, or amphoteric 
character and possess, therefore, correspondingly different properties. They claim to 
have established the existence of three clearly defined surface oxides which they call A, B, 
and C and have even given a tentative formulation of their structures. Their conclusions 
have received a large measure of support from other investigators and have been widely 
accepted. Frumkin and collaborators (ibid., 1931, 157, 442; 1929, 141, 141) prefer to 
regard the mechanism of adsorption as governed by the electrical conditions of the surface 
and consider that charcoal behaves as a gas electrode and can function as an oxygen or 
hydrogen electrode, according to whether the solution with which it is in contact contains 
oxygen or hydrogen; they do not, however, exclude the possible existence of surface oxides. 
The hypothesis of some form of carbon—oxygen union on the surface of charcoal is not new, 
and Rhead and Wheeler (J., 1913, 103, 461) suggested the existence of a complex C,0,, 
Lowry and Hullett (J. Amer. Chem. Soc., 1920, 42, 1408) have postulated the existence 
of a “stable solid oxide”’ of carbon on charcoal at ordinary temperatures, which de- 
composes on heating into carbon monoxide and dioxide, and quote evidence for the existence 
of mellitic anhydride, C,,0,, and of C,,0,, and also refer to their own work on a colloidal 
oxide C,0. Kobe (J. Chem. Educ., 1931, 8, 232) has postulated the existence of four 
oxides of carbon (other than the two simple oxides), e.g., Cs;O,, C;0;, C,Og. 

Since active charcoals have large surface areas and can therefore adsorb large quantities 
of gas, it might be expected that information would be obtained from the many published 
analyses of charcoals as to their oxygen contents. Unfortunately, with only one or two 
exceptions (see p. 299), the charcoals investigated have contained appreciable proportions 
of other elements (inorganic ash, nitrogen, etc.) and so the results are difficult to interpret. 
In these investigations the moisture content has generally been obtained by heating in air, 
or some inert gas such as nitrogen, to arbitrarily selected temperatures, usually below 300° ; 
the water obtained in the subsequent combustion with oxygen has been regarded as 
originating from hydrogen, and the oxygen obtained by difference. 

In Part I of this series (J., 1932, 1864) the adsorption isotherms of six organic acids with 
four ash-free activated charcoals were described. The charcoal was obtained by carbonis- 
ation of A.R. saccharose, and four preparations were activated by different methods (7bid.). 
All the isotherms conformed to Langmuir’s adsorption equation (J. Amer. Chem. Soc., 
1918, 40, 1360) which can be written in the form 1/T = k/C + 1/Iyay., where I is the 
number of solute molecules adsorbed at the equilibrium concentration C in the solution, 
Inax, the maximum number adsorbed in a unimolecular layer, and k the equilibrium 
constant. The unexpected result was obtained that k was the same for each acid for 
the different charcoals, and it was therefore concluded that, although the charcoals had 
unequal surface areas, since I',,, differed, yet the surfaces must be identical in nature, 
despite their varied treatments, for any alteration in their character would be reflected in 
variations in the constant k. These results have led the author to question the validity 
of the hypothesis of surface oxides, since it would appear that these would manifestly be 
affected by the varying treatments which the charcoals have undergone and would, in 
turn, affect the magnitudes of the equilibrium constants. 

Large values were found for the available surface areas (oc. cit.), and it was shown that 
about 10—20% of the carbon atoms of the charcoal must lie in the surface available for 
adsorption. Since this is so, it is clear that for 1 g. of charcoal a unimolecular layer of 
oxide would contain about 0-15—0-25 g. of oxygen, on the assumption of an equivalence of 
oxygen to surface carbon. A large quantity such as this should be easily estimated in an 
analysis, and it was accordingly decided to analyse the charcoals. The analyses were 
confined to charcoals A, B, and C,, since none of C, was available, but, since B had received 
similar treatment, C, would doubtless be of similar character. 

The results obtained are surprising and provide unexpected information on the much- 
discussed phenomenon of “ activated adsorption.”’ 


EXPERIMENTAL. 


A preliminary combustion of charcoal A with oxygen in a quartz tube heated to 1000° in an 
electric furnace showed that the charcoal was converted into approximately equivalent pro- 
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portions of carbon monoxide and dioxide, in agreement with the observations of Meyer (Z. 
physikal. Chem., B, 1932, 17, 385). To eliminate the necessity of estimating the monoxide as 
well as the dioxide, the former was converted into the latter by oxygen with platinised asbestos, 
which had been heated in the tube for several days in a stream of oxygen until free from con- 
densable gases. In a trial attempt, 0-4150 g. of charcoal, previously heated for 48 hours at 110° 
in an electric oven, yielded 103-9% of its weight of carbon dioxide and water. 

For more detailed analyses, the apparatus shown diagrammatically in Fig. 1 was used. 
Alkaline pyrogallol served both to detect and to eliminate traces of oxygen in the nitrogen 
stream not removed by the copper gauze (maintained at dull red heat); it was obtained colour- 
less by dissolving the acid in water, saturating the solution with nitrogen, and running it into 
aqueous caustic soda (also saturated with nitrogen) from a dropping funnel in an atmosphere 
of nitrogen, and it did not darken very much throughout the course of many runs. The traps 
immersed in liquid air were used as a precaution to remove condensable vapours, but there did 
not appear to be any. 

Blank runs showed that platinised asbestos, when exposed to the atmosphere, absorbs 
large quantities of moisture, and the quartz combustion tube also gave up appreciable quantities 
of water; before each experiment, therefore, the asbestos and the quartz tube, with calcium 
chloride and soda—lime absorption tubes attached to the exit end, were heated in a stream of 
nitrogen to 1000° and then cooled in a stream of the purified nitrogen which filled the tube at 


BM. 


2 | aly 


Sodal D 
Lime Fyrogalfol 


Fie. 1, 


atmospheric pressure before each experiment was commenced; modifications in detail are 
described for each analysis later. The absorption tubes for water contained A.R. calcium 
chloride, and those for carbon dioxide were filled with soda—lime and calcium chloride. In the 
runs requiring nitrogen as the streaming gas, the absorption tubes were filled first with nitrogen 
before weighing ; only two calcium chloride and two soda—lime tubes were used (one of each at 
a time) since in this way the successive increments of water and carbon dioxide evolved at 
different temperatures from the charcoals were determined under the same conditions. A 
standardised procedure for cooling and weighing was adhered to throughout. The charcoals 
A, B, and C, were kept in a desiccator over calcium chloride and allowed to come to equilibrium 
in the silica boat in the balance before weighing. A small pulsimeter containing sulphuric acid 
served to control the gas stream and to prevent the pressure in the absorption tubes from rising 
above atmospheric. 

The platinised asbestos catalyst was kept at a constant temperature of 800° by furnace F, 
during each experiment, and the temperature of the charcoal under investigation could be 
varied by the resistance system connected with furnace Fy. 

The time elapsing between the disconnection of one absorption train and the attachment 
of another in the nitrogen runs was only a matter of a few seconds, so no appreciable losses of 
evolved gases from the charcoal were to be expected. 

The compressed-air jets C, and C, were used to prevent the rubber stoppers from charring, 
and C, further served to condense any sudden rushes of water evolved from the charcoal; the 
temperatures at which condensation occurred could be observed on the platinum—platinum- 
thodium thermocouple register. It was found that a minimum of about 5 mg. of water was 
i to produce a readily observable film of water on the exit end of the quartz combustion 
tube. 

x 
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Results. 

Charcoal A.—Analysis 1. Before the experiment commenced the platinised asbestos and 
quartz tube were heated for 4 hours at 1000° in a stream of nitrogen and the tube was allowed 
to cool in cold nitrogen before insertion of the charcoal; then the catalyst was heated for 1 hour 
at 800° before the charcoal was heated. 


Streaming nitrogen. Combustion in oxygen at 800°. 


- 








Temp. of charcoal. H,O evolved, g. Carbon as CO,, g. H,O, g. 
Up to 200° 0°0100 0°4095 0-0308 
» 500 0°0038 
, 700 0-0292 C +totalH,O = 0°5001 g. 
900 00168 Charcoal taken = 0°4926 g. 
Total 0°0598 Diff. +0°0075 g. 


Analysis 2. The experimental conditions were the same as in the previous analysis. It 
had been observed that the water was not evolved continuously but in rushes, and condensed 
for an appreciable time on the exit end of the combustion tube before being carried off in the 
nitrogen stream and collected in the absorption tube. The temperatures at which these rushes 
occurred were observed and no water was detected until a certain critical temperature was 
reached. These temperatures are recorded below. To prevent any appreciable lag in the 
observation of the rush temperatures, the temperature of the charcoal was raised very slowly 
while the rate of flow of nitrogen was made very fast. The accuracy of the temperature readings 
is + 5°. 





Streaming nitrogen. 
Combustion in O, at Soo". 





a 


Critical temp. for ——— 
Temp. of charcoal. H,O evolved, g. condensation of H,O. Carbon as CO,, g. 


Up to 250° 0-0130 Room temp. 0°4260 
500 0°0027 
x4 ° 
700 0°0312 tee C + total H,O 
850 0°0196 780 Charcoal taken 
950 0:0099 940 
Total 0°0754 Diff. 


Since water is evolved in appreciable quantity in the nitrogen stream at temperatures up to 950° 
it is possible that the water obtained in the complete combustion (in oxygen) is tightly bound 
water which would have come off if it had been possible to heat to temperatures above 1000°, but 
it was not possible to test this hypothesis in the apparatus employed; it is, however, supported 
by the close agreement between total carbon and water and the quantity of charcoal used. 

The experimental conditions were improved in the subsequent analyses and still closer 
agreement was obtained. 

Analysis 3. The catalyst and combustion tube were baked for 8 hours at 1000° in a stream 
of purified nitrogen. Before inserting the silica boat containing the charcoal, the section of the 
quartz tube containing the catalyst was heated to 1000° for 2 hours and kept at this temperature, 
and the charcoal was inserted quickly into the cold part of the tube. 





” 


Streaming nitrogen. 
~ Pea sores iom in O, at 800°. 
Critical temp. for ~ 
Temp. of charcoal. H,O evolved, g. condensation of H,O. Carbon as CO,, g. H,0O, g. 
Up to 250° 0°0147 Room temp. 0°3778 0-0120 
» 500 0°0034 
600 0°0222 580° C + total H,O 0°4686 g 
700 00216 640 Charcoal taken 0°4665 g. 
850 0°0125 780 Diff. +0°0021 g. 
950 0°0039 — 
Total 0°0783 


Analysis 4. Conditions as in 3. 

Up to 250 0-0169 6 0°4107 0°0122 
- 500 0°0062 
Hs 600 0°0177 5 C + total H,O 0°4997 g. 
700 0°0206 : Charcoal taken 0°4990 g. 
850 0-0098 Diff. +0°0007 g. 

950 0°0058 

Total 0°0770 

















Ockrent: Active Charcoal. Part II. 295 


Analysis 5. The tube and catalyst were baked for 8 hours at 1000° in a stream of purified 
nitrogen and then heated for 24 hours at 600° in a vacuum. Nitrogen was then admitted 
until the pressure reached atmospheric and was then permitted to stream through, and 
the furnace F, turned off; when the part of the combustion tube in F, attained room tem- 
perature, as in the previous cases, the catalyst (furnace F,) was heated for 2 hours at 1000° 
before inserting the charcoal. The agreement obtained was of the same order as in Analyses 
3 and 4, and it seems that the charcoal consists exclusively of carbon and water. 


Up to 250° 0°0138 Room temp. 0-4090 0°0120 
500 0°0037 
600 00170 575° C + total H,O 0°4921 g. 
700 0°0194 650 Charcoal taken 04940 g. 
850 0°0121 780 Diff. —0°0019 g. 
950 0°0051 940 


Total 0°0711 


Analysis 6. A complete combustion without preliminary treatment with nitrogen confirmed 
this, and satisfactory agreement was obtained. The subsequent analyses were carried out with 
the preliminary treatment as in Analysis 3. 

Combustion with oxygen: C = 0-2454 g.; H,O = 0-0507 g.; total = 0-2961 g. Charcoal 
taken = 0-2949 g. Diff. = + 0-0012 g. 

Charcoal B.—Analysis 7. In view of the results obtained it was of interest to find the effects 
(if any) of extensive grinding on the surface layer of the charcoal. The results of an analysis ona 
small sample of charcoal A which had been ground for 120 hours (Charcoal B) were as follows :— 





Streaming nitrogen. 





—~ Combustion in O, at 800°. 


- 





Critical temp. for -- — < 
Temp. of charcoal. H,O evolved, g. condensation of H,O. Carbon as CO,, g. H,O, g. 
Up to 250° 0°0139 Room temp. 0°3296 0:0086 
500 0°0051 — 
600 0-0198 575° C + totalH,O = 0°4235 g. 
700 0°0212 650 Charcoal taken = 0°4197 g. 
850 0:0103 780 Diff. = +0-0038 g. 
950 0-0050 — 
Total 00753 


The results obtained indicate that prolonged grinding has not significantly altered the surface 
properties of the charcoal, in agreement with the unaltered adsorption constants found in 
Part I. 

Charcoal C,.—Analysis 8. An analysis of a sample of charcoal A ground for 72 hours and 
then degassed and reactivated at 500° (Charcoal C,) was then performed : 


Up to 250° 0°0134 Room temp. 0°2550 0:0073 
500 0-0036 
600 0-0090 Not obs. C + total H,O 0°3243 g. 
700 0°0143 650° Charcoal taken 0°3215 g 
850 0-0151 : Diff. +-0°0028 g. 
950 0-0068 
Total 0°0622 








The only effect of degassing and reactivation on the ground charcoal appears to be a slight 
displacement of water such that larger quantities are evolved at the higher temperatures at the 
expense of the water which, in the previous examples, came off at lower temperatures. It is 
significant, however, that the same critical temperatures were required before the sudden 
evolutions of water were observed. The results obtained are in conformity with the constancy 
of the adsorption constants found for charcoals A, B, and C, in Part I. 

In the various analyses, the time intervals between the temperature rises during the stream- 
ing nitrogen experiments were varied between 20 minutes and 2 hours, to determine whether 
prolonged heating would result in any increase in the amount of water evolved. There was, 
however, no evidence that the duration of heating had any effect on the quantity of water driven 
off at any given temperature. 

Small and variable quantities of carbon dioxide were given off during the heating of the 
charcoals in the nitrogen stream at the lower temperatures in the various analyses. These have 
been estimated as carbon and added to the total carbon; this procedure is believed to be justified 
since the additional gas is not thought to be due to sorbed carbon dioxide. It was impossible 





296 Ockrent : Active Charcoal. Pari II. 


entirely to exclude oxygen from the combustion tube since this had to be opened to insert the 
charcoal and also to replace the absorption tubes. Further, the charcoal was stored and 
weighed in air, and hence the capillaries contained oxygen and some of this would probably 
react with the charcoal to give carbon dioxide on heating. It is significant that the ground 
charcoals B and C,, the capillaries of which would be crushed or filled up to some extent (Part 
I), gave off negligible amounts of carbon dioxide. It was found that if the nitrogen was passed 
over the charcoal at room temperature for a long time at the commencement of the experiments, 
the carbon dioxide given off on raising the temperature was reduced to very small proportions. 
The results obtained indicate that the charcoals A, B, and C, are composed of carbon and 
water, most of the latter being strongly held by the charcoal surfaces, and since at the highest 
temperatures employed (950°), appreciable quantities of water are still evolved, it is reasonable 
to assume that the relatively small amounts of water obtained in the combustions with oxygen 
would also be given off in the nitrogen stream if sufficiently high temperatures could be attained. 
In any event it is clear that a great preponderance of the water can be accounted for as adsorbed 
water since it came off in the nitrogen stream, i.e., under conditions in which there could be no 
production of water due to combustion of surface hydrocarbons or adsorbed or occluded hydro- 
gen. The results obtained led to the conclusion that a charcoal degassed and activated at 
950° would exhibit the characteristics of charcoals A, B, and C,, after these had been heated in 
a nitrogen stream to 950°, for, since the water found on these charcoals between 500° and 950° 
is stripped off at 950°, a charcoal initially activated at 950° would possess no bound water which 
could be driven off below 950°. To test this conclusion, 2-4147 g. of inactive sugar charcoal 
(the source of A, B, and C,) were degassed and activated at 950° in the manner described pre- 
viously (J., 1932, 613). The degassing was carried out for 4 hours with a Cenco Hyvac pump 
(0-001 mm.) ; large quantities of non-condensable gases and water vapour were evolved in sudden 
rushes as the temperature was slowly raised to 950°. The charcoal was then activated with 
2-4 litres of purified air, 1-6242 g. of active material (charcoal D) being obtained, which, on 
standing in the open for 24 hours, increased in weight by 0-0449 g. 
Charcoal D.—Analysis 9. 
Streaming nitrogen. 
- ~ Combustion in O, at 800°. 
Critical temp. for g —_ 
Temp. of charcoal. H,O evolved, g. condensation of H,O. Carbon, g. H,O, g. 
Up to 250° 0°0135 Room temp. 0°4036 0°0101 
2 ae 0°0004 
» 600 0-0003 C + total H,O 0°4322 g. 











700 0°0000 Charcoal taken ws 0°4310 g. 


850 0-0012 Diff. = +0-0012 g. 
970 0-0031 


Total 0°0185 


The water given off up to 250° is approximately equal to the proportional increase in weight 
on standing in air, showing that the increase is due to adsorption of water vapour from the 
atmosphere at room temperature; that given off from 250° to 970° is exceedingly small, and 
that obtained in the combustion in oxygen is about the same as that given off by the charcoals 
A, B, and C, under the same conditions. Hence, it is evident that charcoal D resembles the 
former charcoals after these have been heated in nitrogen to 950°. 


DISCUSSION. 


The exponents of the theory that the processes of adsorption by active charcoal are 
determined by the existence of surface oxides suggest that these oxides are formed by the 
oxidation of the carbon atoms at the charcoal surface and are of varied character since 
charcoals activated (1.e., oxidised) by oxygen or air possess the property of adsorbing 
inorganic acids or bases according to the temperature of activation. Schilov and his 
co-workers maintain that an acid oxide (oxide B), which confers on charcoal the property 
of adsorbing alkali hydroxides, is produced by activation in the temperature range 300— 
800° with 450—500° as the optimum temperature conditions. Kruyt and de Kadt (Kolloid 
Z., 1929, 47, 44), who have produced charcoals activated within the same temperature 
range, and which have this capacity for adsorbing alkali bases, suggest that the charcoal 
surface is composed of an intermediate product of mellitic acid. All the investigators 
mentioned find that charcoals activated or ignited at 900—1000° lose their capacity for 
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adsorbing alkalis, but can adsorb mineral acids. Similar results have also been reported 
by Bartell and Miller (J. Amer. Chem. Soc., 1922, 44, 1866), who also found that the “‘ acid 
oxide ’’ charcoals adsorbed the strong organic bases tetramethyl- and tetraethyl-ammonium 
hydroxides, but not the weak inorganic base ammonia. Quite recently, Kolthoff (J. Amer. 
Chem. Soc., 1932, 54, 4473) has published the results of an intensive study on charcoals 
from different sources activated at 400° and at 950—1000°, and has supported the 
conclusions of Kruyt and de Kadt. 

In this investigation, the charcoals examined (A, B, and C,) were activated at 500°, 
which is a favourable temperature for the production of these “‘ acidic oxide ”’ charcoals. 
In every case, however, the analyses show clearly that there is no oxygen present on the 
charcoal which can confirm the hypothesis of the existence of an acidic oxide, but it has 
been shown that the charcoals are composed exclusively (within the experimental error) 
of carbon and water, the latter being evolved on heating at definite temperatures. A 
charcoal activated at 950° (charcoal D) is stripped of this water layer found on the charcoals 
activated at 500°. It would appear, therefore, that the capacity of adsorbing alkali 
hydroxides possessed by charcoals activated at 500° and absent in those activated at 950°, 
is to be associated with the tightly bound water layer found on the charcoals activated at 
the lower temperature. The amount of water found on charcoals A, B, and C, is approxi- 
mately the amount required for a unimolecular layer of adsorbed molecules, and this is 
almost completely driven off on raising the temperature of the charcoals to 950°; the 
authors previously cited find that active charcoals activated or ignited at this temperature 
lose the capacity for adsorbing alkalis but are now capable of adsorbing inorganic acids. 

Scrutiny of the previous investigator’s results yields some interesting data as to the 
manner in which a water layer may be formed on their “ acidic” charcoals. For instance, 
Kolthoff (/oc. cit.) found that the best way to produce the “ acidic surface ” is to heat in a 
stream of moist oxygen at 400°, and that the acidic surface was unaffected by heating in 
a vacuum at temperatures below 500°. Even 50 hours’ heating at 500° did not affect the 
acidic surface, but heating at 575° or 600° for 24 hours considerably reduced this type of 
surface, as indicated by the reduced adsorption of sodium hydroxide. This is of consider- 
able interest since the analyses in the present investigation show that (apart from water 
adsorbed from the atmosphere at room temperature and removable in the cold), the first 
considerable rush of desorbed water occurs at about 575°. Kolthoff also found that the 
“acid surface’ could be produced to some extent by prolonged boiling in conductivity 
water, and that while such charcoal and 950°-activated charcoal possessed dissimilar 
catalytic properties for the oxidation of potassium ferrocyanide by oxygen, the former 
could be made to resemble the latter in catalytic properties by heating it for 10 hours at 
620°. 

Recently, Miller (J. Physical Chem., 1932, 36, 2967) has found that a charcoal activated 
at 500° results in an “ acid charcoal”’ which adsorbs sodium hydroxide, but one heated 
at 950° exhibits negative adsorption of alkali; if the latter is subsequently activated at 
500°, negative adsorption of alkali still persists. He concludes that “ for rapid formation 
of the complex acid it is necessary to heat the charcoal at 300—400° in the presence of air 
and water vapour.” 

The results obtained from the analyses in this investigation and the information obtained 
from the sources mentioned above make it possible to conclude that the “‘ acid oxide”’ or 
“ acidic substance ”’ which confers on charcoal activated at 500° the property of adsorbing 
alkali hydroxides is the tightly bound unimolecular layer of adsorbed water which has been 
found to exist by the author. 

Origin of the Water Layer.—The inactive charcoals obtained by carbonisation of sugars 
or other organic substances evolve, on being degassed, considerable quantities of non- 
condensable gases and water vapour. It is generally agreed that inactive charcoals differ 
from active charcoals in that the former have their surfaces “‘ poisoned ” by the adsorption 
of higher hydrocarbons and/or polymerised substances produced in the carbonisation of 
the original material, and that the process of activation consists in the oxidation and 
removal of these poisons. These hydrocarbons are oxidised to oxides of carbon and water 
and thus, since the water is formed right on the surface and considerable quantities of heat 
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are evolved by the exothermic oxidation reactions, the water is in an extremely favourable 
condition for immediate adsorption in the form of a high-temperature adsorbed layer. 
Under these conditions it appears that the water competes favourably for the charcoal 
surface and may be selectively adsorbed. 

If the water was producec by the oxidation of hydrogen which might have been oc- 
cluded or adsorbed on the charcoal as one of the decomposition products in the carbonisation 
of the sugar, it appeared possible to adsorb hydrogen at 500° on the 950°-activated charcoal 
D, and then by subsequent oxidation to convert this into a high-temperature adsorbed 
water layer. 0-5085 G. of charcoal D was placed in the quartz tube and the air displaced 
by pure nitrogen, a pulsimeter being attached to the exit end to prevent the back diffusion 
of air. Dry hydrogen from a Kipp’s apparatus was passed over the charcoal, which was 
maintained at 500°, for 30 minutes, and the charcoal after being cooled in hydrogen was 
immediately weighed ; the amount of charcoal obtained was 0-2556 g. (charcoal E). Thus 
nearly 50% of the charcoal was lost by some interaction with the hydrogen. The charcoal 
E was kept for 48 hours in the atmosphere, thereby gaining 0-0280 g.; it was then analysed 
in the usual way, the procedure being as in Analysis 3. 

Charcoal E.—Analysis 10. 


Streaming nitrogen. 


- 





Combustion in O, at 800°. 





Critical temp. for - ~ 
Temp. of charcoal. H,O evolved, g. condensation of H,O. Carbon, g. H,O, g. 
Up to 250° 0°0277 Room temp. 0°2346 0°0079 
» 900 0°0023 
600 0:0007 C + total H,O 0°2781 g. 
700 0-0008 Charcoal taken 0°2836 g. 
850 0:0012 Diff. —0°0055 g. 
970 0°0029 
Total 0°0356 


It is obvious that very little water was produced by the treatment to which the charcoal 
was subjected. A small discrepancy (about 2%) was found between the quantity of char- 
coal taken for analysis and the carbon and total water obtained; this may be due to ad- 
sorption of a small quantity of the reaction complex formed by the hydrogen and charcoal 
(probably hydrocarbons) which was not collected in the absorption train. The amount of 
water evolved up to 250° corresponds very closely to the increase in weight of charcoal E 
on standing in the atmosphere, and is clearly due to adsorption of atmospheric water vapour 
at room temperature. 

There is no doubt that, however the water may be formed on the 500°-activated char- 
coals A, B, and C,, it should be possible to induce a charcoal with no adsorbed water layer 
to take up high-temperature adsorbed water if the appropriate method could be found. 
An attempt was therefore made to place water directly on the 950°-activated charcoal D 
at 500°. Nitrogen was bubbled through a flask containing good distilled water which was 
heated to 80°. The moist nitrogen was then passed over 0-4067 g. of charcoal D for 15 
minutes. After standing over-night in the atmosphere, the charcoal weighed 0-4071 g. 
The small change in weight does not indicate that no action occurred, since it is well known 
that water vapour can oxidise charcoal; the close concordance in weight is thus purely 
accidental. The analysis was as follows :— 

Analysis 11. 





Up to 250° 0-0117 Room temp. 0°3747 0°0075 


» 500 0-0012 
600 00069 C + total H,O 04068 g. 


z 700 0-0003 Charcoal taken - 0°4071 g. 
a 0-0018 Diff. = —0-0003 g. 
a 0°0027 

Total 0°0246 


The results indicate that a small but appreciable quantity of high temperature adsorbed 
water is evolved at 500—600°. It has been shown by Taylor and Benton and their re- 
spective co-workers that high-temperature adsorption is a slow process, and there is little 
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doubt that if the water had been passed over the charcoal for a much longer time, a 
considerably greater quantity of water would have been adsorbed. 

While the published analyses of charcoals are mainly concerned with specimens con- 
taining mineral impurities and elements such as sulphur and nitrogen, yet a critical ex- 
amination of a number indicates that the oxygen and hydrogen are present nearly in the 
proportions of water, if allowance is made for the possible combination of some of the 
hydrogen and nitrogen in the form of ammonia. Barker’s analyses (Ind. Eng. Chem., 
1930, 22, 926) of active charcoals containing impurities, besides considerable quantities of 
ash, are significant. His final results are based on an ultimate analysis of three ash-free 
and ‘“‘ moisture-free ’’ charcoals, the moisture being obtained by heating in nitrogen to 
150° and then in a vacuum to only 300°. It is seen from the following table that the 
oxygen and hydrogen are present in nearly the proportion 8 : 1, and since the oxygen was 
obtained by difference, it includes the total errors of experiment. 

a . 90°14 94°50 
H, % : 0-76 0-62 
O ( 9°10 4°88 

The results obtained by Owaga (Biochem. Z., 1926, 172, 249) are even more illuminating, 
and their significance has been missed by all investigators; they are of special value since 
the charcoals were prepared from pure organic compounds and contained no elements other 
than carbon, oxygen, and hydrogen. 


Composition of Charcoals before and after Activation. 
Composition, %. 





Normal. After activation. 








— r 


Source of charcoal. “  C. O. H. é. O. 
Sucrose 4 5° 4-°0—4'1 0-1 95°4—95°5 41 
Naphthalene ‘ P 7°8—79 1-3—1°4 91°8 7°4 

8°9 


Paraffin ; : 8°8—9°2 1-1—1-2 90°0 


After activation the oxygen and hydrogen are very closely in the ratio of 8: 1, even 
although the sugar alone contained oxygen, the other initial materials being hydrocarbons. 
The results are in substantial agreement with the author’s conclusions as to the nature of 
low- and high-temperature activated charcoals. 

Activated Adsorption of Water—The phenomenon of high-temperature adsorption of 
gases and vapours on solids has been the subject of considerable interest in recent years. 
This type of adsorption has been recognised to have special properties and has been called 
by Taylor and his co-workers “ activated adsorption,” since it is accompanied by high 
energies of activation. Many other investigators have confirmed the large heats of ad- 
sorption involved, and these large energies are accorded wide significance in the study of 
reaction kinetics at interfaces. There is considerable evidence for the high-temperature 
adsorption of water; ¢.g., Rakovsky (J. Russ. Phys. Chem. Soc., 1917, 49, 371) found that 
charcoal retained water even on heating to redness in a stream of nitrogen, and Coolidge 
(J. Amer. Chem. Soc., 1924, 46, 625) could not recover all the water adsorbed by heating 
to high temperatures. Allmand and his co-workers have published numerous results on 
the hysteresis effects encountered in the adsorption—desorption isotherms of water vapour 
on charcoal, and found that even on heating to 800° all the water adsorbed at 25° could not 
be recovered (J. Physical Chem., 1929, 33, 1151). They also found that adsorption iso- 
therms on three wood charcoals exhibited hysteresis, i.¢., imperfect recovery of sorbed 
water, and similar results were obtained with a sugar charcoal although this possessed no 
morphological structure (ibid., p. 1682). 

The results obtained by previous investigators can thus be explained by the high- 
temperature adsorbed water layer found by the author on charcoals A, B, and C,. The 
interesting feature of the present investigation is the fact that the desorption of the water 
layer does not appear to be a continuous process, but is discontinuous, occurring at ap- 
proximately 580°, 650°, 780°, and 940°. In Fig. 2 are shown the desorption—temperature 
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curves for charcoals A and B. The curves are plotted on the assumption that the water 
evolved above 500° comes off precisely at the temperatures noted above and none at all at 
intermediate temperatures; the data do not, of course, lend themselves to a critical ex- 
amination of this assumption, but from the observations made it is at least approximately 
true. The points obtained from the analyses of charcoals A and B agree remarkably well 
for higher temperatures and it is evident that the water layer is not all adsorbed under 
similar conditions, the charcoal surface appearing to be composed of a number of surfaces 
of different adsorptive activity with which definite quantities of adsorbed water are 
associated. The absolute quantities of water adsorbed at low temperatures (?.¢., room 
temperature) have no precise significance since these will depend upon the conditions of 
storage of the charcoal, the prevailing atmospheric water vapour pressure, and the time 
of exposure of the charcoal. The curves bring out very clearly the difference between 
low-temperature adsorbed water (from the atmosphere) and the high-temperature ad- 
sorbed water layer. There is an abrupt change in the direction of the curves (parts X 
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and Y): the two types of adsorption are sharply differentiated and give direct evidence 
of the existence of an activated adsorption layer, the existence of which has been widely 
questioned. The stepwise character of the desorption curve of the activated adsorbed 
water layer is of some significance in the theory of active spots and suggests the existence of 
a division of the charcoal surface into parts of different potential. In this connexion it is 
of interest to note that Garner and his co-workers (J., 1924, 125, 1288; 1927, 2451; 1928, 
2870; Nature, 1924, 114, 932) have found that the heats of sorption of oxygen by charcoal 
increase with the rising temperature of adsorption, indicating different states of binding 
of the adsorption layer. The desorption curve for the reactivated charcoal C, is shown in 
Fig. 3; in this case, it appears that the effect of additional reactivation is to increase the 
areas of the parts of the surface of higher potential as compared with those of lower potential, 
and so leads to an adjustment of the quantities of water adsorbed, 7.¢., the amount of high- 
temperature increases at the expense of lower-temperature adsorbed water. That the 
adsorbed water layer appears to adjust itself to the change of surface may be accounted 
for by a probably high mobility of the adsorbed water molecules at the temperature of 
reactivation (500°). 
The temperature-desorption curve for 950°-activated charcoal D is shown in Fig. 2 (1). 
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The curve meets that of the charcoals A and B (500°-activated) at about 950° and coincides 
with these. The hydrogen-treated 950°-activated charcoal E gives a somewhat similar 
curve, Fig. 2 (2), but appears to contain considerably more low-temperature adsorbed 
water. The results obtained from the water vapour-treated 950° charcoal D are shown in 
Fig. 2 (3). A sharp bend in the curve is observed at 500—600°, due to the desorption of 
high-temperature adsorbed water which the charcoal was induced to take up at 500°. 
The interesting feature shown by all the curves is the practically constant amount of 
residual water retained above 950°, and this is in conformity with author’s suggestion 
as to the identity of all the charcoals, despite different initial treatment, at temperatures 
above 950°. This constancy of residual adsorbed water was also observed by Allmand, 
Hand, and Manning (J. Physical Chem., 1929, 33, 1682) with an out-gassed specimen of 
charcoal; these investigators found that, although the sorption and desorption curves 
were distinct throughout, yet the saturation values for a series of sorption—desorption 
cycles were about the same, and most significantly, the final amount of bound water retained 
was practically constant and independent of the number of cycles gone through. They 
concluded “‘ that charcoal, after saturation with water, can retain appreciable quantities of 
water even after outgassing to temperatures up to 800°.” 

The energy intercharge between adsorbed molecules and surfaces has not been ex- 
tensively studied, but Garner (Tvans. Faraday Soc., 1932, 28, 261) has suggested that there 
is a close correspondence between heats of adsorption and the potential-energy changes of 
the adsorbent surface. He supposes that at low temperatures only changes in rotational 
levels and kinetic energies would be involved, but at higher temperatures there will appear 
successive changes in the vibrational and electronic levels, and since these are widely 
separated on the energy scale they would give rise to discontinuous changes in the heats 
of adsorption. 

Lennard-Jones (ibid., p. 440) has also pointed out that there will be different activation 
energies for the various faces of a crystal. The results obtained in the present investigation 
do not enable one to calculate the heats of adsorption (or desorption) involved in the 


desorption discontinuities found in the high-temperature region, and further work is required 
to correlate these effects. 


SUMMARY. 


1. Three activated ash-free charcoals have been analysed. The charcoals activated 
at 500° contain only carbon and water, the latter being present as an adsorption layer. 

2. The water layer consists of two parts, a low-temperature adsorbed layer, desorbable 
at low temperatures, and a high-temperature adsorbed layer, only desorbable above 500° ; 
the latter is the major component. The total water is equivalent to an approximately 
unimolecular layer. 

3. The results obtained are correlated with those of other investigators, and the ‘‘ oxide”’ 
theory of charcoal surfaces is shown to be fallacious. The differences in the adsorption 
properties of charcoals activated at different temperatures are associated with the existence 
or absence of the high-temperature adsorbed water layer. 

4. A mechanism has been suggested for the formation of this layer during the pre- 
paration of the charcoal, and it has been shown that under proper conditions it can be 
formed on the surface. 

5. The existence of the layer can be explained on the basis of the theory of activated 
adsorption, and the results are in conformity with other data which support this theory. 

6. The activated adsorbed layer of water is desorbed discontinuously with temperature, 
and definite temperatures are associated with definite quantities of desorbed water. These 
discontinuities are evidence for the existence of a number of activated energies of adsorption 
anticipated on theoretical grounds. 


This work was carried out in the Chemistry Department of the University of Edinburgh. 
I have again to record my thanks to Dr. J. A. V. Butler for his continued interest. 


I.C.I, (GENERAL CHEMICALS), Ltp., CENTRAL LABORATORY, 
WIDNEs, LANCs. [Received, December 13th, 1933.] 
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73. Malial and 4-a-Glucosidomannose. 
By W. N. Hawortu, E. L. Hirst, and R. J. W. REYNoLps. 


THE properties of lactal and cellobial have been studied in detail, but little information had 
been available hitherto concerning maltal and its transformation products. The isolation 
of a penta-acetyl maltal hydrate, m. p. 173—174°, and of a hexa-acetyl maltal hydrate, 
m. p. 155—157°, has been described by Bergmann and Kobel (Annalen, 1923, 434, 109). 
In the course of the present work we have found that these substances are respectively 
hepta-acetyl and octa- acetyl maltose and the analytical figures given by Bergmann and 
Kobel are in agreement with those required for the latter compounds. Most of our product 
was, however, the true hexa-acetyl maltal (I),m. p. 131—133°, the properties of which are now 
described for the first time. When boiled with water, hexa-acetyl maltal gave penta-acetyl 
ys-maltal, m. p. 129°, which now had a free reducing group, and, like p-glucal, did not readily 
combine with bromine (compare Bergmann, Annalen, 1923, 434, 79; 1925, 448, 223). 
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Maltal was obtained by imide of the hexa-acetate and on treatment with per- 
benzoic acid (compare Bergmann and Schotte, Ber., 1921, 54, 1564) it gave in good yield 
4-a-glucosido- 8-mannose (II), m. p. 216°, [«]> + 97°—> 115° in water. This sugar is 
epimeric with maltose and in view of the interest attached to the difference between the 
molecular rotations of pairs of epimeric substances (Hudson, J. Amer. Chem. Soc., 1930, 
52, 1680. Contrast Haworth and Hirst, J., 1930, 2615) the «-octa-acetate of the sugar 
([«]p ++ 117° in chloroform) was also prepared. 

The “ epimeric difference ’’ (7300) obtained by subtracting the molecular rotation of 
4-«-glucosido-8-mannose (33,000) from that of $-maltose (40,300) is in good agreement 
with the figure usually obtained when 8-glucose derivatives are compared with derivatives 
of 6-mannose (ca. 6000). The “ epimeric difference ’’ derived by a comparison of «-glucose 
and a-mannose is markedly different (ca. 16,000). The «-octa-acetates of maltose and the 
new disaccharide show an abnormally small epimeric difference (4000), which nevertheless 
is very similar to that given by the corresponding acetates of cellobiose and 4-8-glucosido- 
mannose. Further confirmation is thus obtained of the unreliability of epimeric differences 
as a means of assigning ring structures to carbohydrate derivatives, 


EXPERIMENTAL. 


Hexa-acetyl Maltal.—B-Octa-acetyl maltose (110 g.), prepared by Zemplén’s method (Ber., 
1927, 60, 1560), was dissolved in glacial acetic acid (380 c.c.) and allowed to react with hydrogen 
bromide in acetic acid in accordance with Braun’s method (J. Amer. Chem. Soc., 1929, 51, 1828). 
After 3 hours, chloroform (160 c.c.) was added, and the solution poured into a large volume of 
ice-water. The chloroform layer was washed until acid-free, dried over magnesium sulphate, 
and evaporated to a syrup (110 g.) under diminished pressure. The syrup was dissolved immedi- 
ately in glacial acetic acid (600 c.c.), water (600 c.c.) added, and the solution cooled to 0°. Zinc 
dust (240 g.) was then added, the temperature lowered to — 5°, and the mixture vigorously 
stirred for 30 minutes. After filtration the solution was diluted with water until a faint perma- 
nent turbidity appeared. On addition of a crystal of hexa-acetyl maltal, rapid crystallisation 
ensued and was complete in about 6 hours. 

The material as obtained was usually pure (yield, 80%). If necessary, purification could be 
effected by recrystallisation from methyl alcohol. This gave hexa-acetyl malial as colourless 
short rods, m. p. 131—133°; [«]}#” + 68° in chloroform (c, 0-8), + 60° in tetrachloroethane 
(c, 0-8). It was soluble in chloroform, moderately soluble in alcohol, and insoluble in light 
petroleum and in cold water. In hot water it dissolved slowly with formation of penta-acety] 
y-maltal (see below). Hexa-acetyl maltal did not reduce boiling Fehling’s solution. It was 
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unsaturated, decolorising instantly a solution of bromine in chloroform. Titration showed that 
one double bond was present (0-1395 g. required 6-6 c.c. of a solution which contained 0-6178 g. 
of bromine in 100 c.c. of chloroform. Calc., 6-5 c.c.) (Found: C, 51-6; H, 5-9; CH,°CO, 46-7; 
M, in chloroform by Barger’s method, 580. C,,H;,0,,; requires C, 51-4; H, 5-7; CH,°CO, 

The first crystalline specimen, used subsequently for inoculation as described above, was 
obtained by extracting with chloroform the solution of hexa-acetyl maltal in aqueous acetic acid. 
Evaporation of the chloroform left a syrup which, after being triturated with glacial acetic acid, 
was set aside to crystallise. The first crop, after recrystallisation from methyl alcohol, had m. p. 
173°, [a]if° 84° —-> 110° in chloroform (c, 1-9), reduced Fehling’s solution, and did not decolorise 
a solution of bromine in chloroform. It was a mixture of the a- and the 8-form of hepta-acetyl 
maltose (Hudson and Sayre, J. Amer, Chem. Soc., 1916, 38, 1867), from which the B-form was 
isolated after many crystallisations. After removal of this material hexa-acetyl maltal 
crystallised slowly. 

Deacetylation of hexa-acetyl maltal by methyl-alcoholic ammonia gave maltal as a pale yellow 
syrup which decolorised a solution of bromine in water and had no action on boiling Fehling’s 
solution. 

Penta-acetyl 4-Maltal.—Hexa-acetyl maltal (4 g.) was suspended in water (200 c.c.), glacial 
acetic acid (1 c.c.) added, and the mixture heated at 100° until all the solid had dissolved. The 
solution was concentrated to 30 c.c.and cooled. A syrup was precipitated which slowly crystall- 
ised. Recrystallisation from ether—methy] alcohol gave penia-acetyl 4-maltal in feathery rosettes, 
m, p. 129°, [«]#}” + 162° in chloroform (c, 0-9). This substance reduced Fehling’s solution on 
boiling and did not decolorise a solution of bromine in chloroform. It was soluble in chloroform 
and alcohol and moderately soluble in hot water (Found: C, 51-1; H, 5-8; CH,°CO, 40-9. 
CygH 9014 requires C, 51-0; H, 5-8; CH,°CO, 41-5%). 

4-a-Glucosido-B-mannose.—Hexa-acetyl maltal (20 g.) was de-acetylated by methyl-alcoholic 
ammonia and the mixture of maltal and acetamide obtained was dissolved in water (100 c.c.). 
The aqueous solution was shaken at 10—15° with perbenzoic acid (12 g.) in ether (60 c.c.). 
After 2 hours, the emulsion which had formed was allowed to separate and the aqueous layer, 
after several extractions with ether, was evaporated to a syrup under diminished pressure. 
The syrup was boiled with ether, dissolved in the minimum quantity of water, and alcohol was 
added to the aqueous solution until a slight permanent turbidity appeared. Rapid crystallis- 
ation of 4-a-glucosido-B-mannose followed in short thick rods with pointed ends (yield, 60%). 
After treatment with charcoal in aqueous solution, followed by several recrystallisations from 
aqueous alcohol, the pure sugar had m. p. 215—216° (decomp.). [a]{}* +- 97° (initial value in 
water; c, 1-0); 99° (2 mins.) ; 103° (5 mins.); 106° (10 mins.) ; 109° (15 mins.); 114° (30 mins.) ; 
115° (60 mins., constant value). The velocity of mutarotation was therefore similar to that of 
8-mannose (Found : C, 42-0; H, 6-8. C,,H,,0O,, requires C, 42-1; H, 6-5%). 

4-«-Glucosidomannose was unaffected by N-hydrochloric acid at 15° (tested for 16 hours). 
At 95° hydrolysis was complete in 90 minutes. At this stage the rotation, [a]j}° + 33-5° calcul- 
ated on the concentration after hydrolysis, corresponds to that required by an equimolecular 
mixture of glucose and mannose (+ 33°). Addition of phenylhydrazine in acetic acid to the 
concentrated neutralised solution resulted in the immediate formation of mannose phenyl- 
hydrazone (yield, 80%), m. p. 195—197°. A mixed m. p. showed no depression. Treatment of 
4-«-glucosidomannose with phenylhydrazine in acetic acid at 100° gave maltosazone. An 
estimation of the reducing power of 4-a«-glucosidomannose towards Fehling’s solution showed 
that 170 parts of the disaccharide were equivalent to 100 parts of glucose. 

When 4-a-glucosidomannose was boiled for 2 minutes with acetic anhydride containing a 
little fused sodium acetate, the octa-acetate was formed. This was isolated in the usual manner 
and after recrystallisation from alcohol was obtained in short rods (yield, 80%), m. p. 157°; 
[a]; -+- 117° in chloroform (c, 1-2). The m. p. of B-octa-acetyl maltose (which has, however, 
[«]p + 63°) is 158°. A mixed m. p. of the latter with the new acetate showed a depression of 20° 
(Found: C, 49-4; H, 5-9; CH,°CO, 52-5. C,,H;,0,, requires C, 49-5; H, 5-7; CH,°CO, 
50-7%). 


The authors express thanks to the Government Grant Committee of the Royal Society for 
assistance, 


UNIVERSITY OF BIRMINGHAM, EDGBASTON. (Received, February 3rd, 1934.] 
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74. Catalytic Hydrogenation of Unsaturated Compounds. Part II, 
The Step-wise Reduction of Conjugated Acids. 


By E. H. FARMER and L. A. HUGHEs. 


INGOLD and SHAH (J., 1933, 885) state that, according to their experiments, sorbic acid, 
8-vinylacrylic acid, and ethyl muconate yield each only an equimolecular mixture of 
fully reduced derivative and unchanged conjugated compound when submitted to 50° 
hydrogenation in the presence of a platinum catalyst, although the degree of quantitative 
accuracy attained does not exclude the production of very small proportions (ranging 
from 0-1% to 3%) of dihydro-compounds. Their experimental work, which was “ com- 
menced with the theoretical preconception that the formation of considerable quantities 
of dihydro-products would not be the general rule,”’ is thus in direct opposition to the 
results of Farmer and Galley (J., 1932, 430; Nature, 1933, 131, 60; J., 1933, 687). 

That the results recorded by Farmer and Galley for sorbic acid are true in all particulars, 
we have now proved by the simple method of isolating the dihydro-products or their 
simple derivatives and weighing them; it has been still easier to show by precisely similar 
means that muconic acid, which was not examined by Farmer and Galley, also yields 
(when hydrogenated in the form of its sodium salt) both of the possible dihydro-derivatives, 

With regard to the proportions of the various acids in the hydrogenation product, 
Farmer and Galley found, and we confirm, that the figure for unchanged conjugated acid 
(which in 50° hydrogenation is equal to that for the fully saturated acid produced) is 
fairly reproducible from experiment to experiment, provided that (1) a rigorous separative 
technique is adhered to* (see p. 305) and (2) catalyst specimens of comparable activity 
are employed. The figures recorded by Farmer and Galley for the unchanged conjugated 
acid and for the fully reduced acid isolated (and consequently for the total of dihydro- 
acids) have repeatedly been reproduced by them and by us in experiments carried out 
with ‘“‘ new” catalyst preparations. Furthermore, no appreciable change in these figures 
has been observed in experiments in which the catalyst has been poisoned by the addition 
of carbon disulphide in increasing quantities up to the point of suppression of the reaction. 
Where, however, the catalyst has become partially deactivated with use (compare the 
“aged” catalyst of Farmer and Galley, J., 1933, 687) the percentage of dihydro-acids 
increases above the normal figure, but the increase affects mainly the yield of A*-dihydro- 
acid. The deactivation becomes very noticeable during the later stages of reductions 
which have been unduly prolonged by the use of a small amount of catalyst (e.g., 0-2 g.) 
to reduce a relatively large amount (e.g., 50 g. or more) of conjugated acid, and in the follow- 
ing table the extent to which sorbic acid suffers conversion into dihydro-derivatives during 
such an operation is compared with that recorded by Farmer and Galley for reduction 
carried out with a “‘ new ”’ catalyst. 


50% Hydrogenation of Sorbic Acid. 50% Hydrogenation of Muconic 
“ Ageing ’’ catalyst ‘‘ New”’ catalyst (F. Acid (with catalyst in low 
%). and G.) (%). concentration) (%). 
Unchanged acid 38°5 44:0 40°3 
Fully reduced acid 39°5 44:0 40°3 
4*-Dihydro-acid 18-0 70 11°3 
48-Dihydro-acid s5 }46 \ 50 75 
AY-Dihydro-acid 0°5 
* This figure was obtained by difference. 

The corresponding figures for a reduction of muconic acid (sodium salt) effected with a 
relatively small proportion of catalyst are also shown, and it is seen that terminal reduction 
occurs here, as with sorbic acid, to quite an important extent. 

From the muconic acid product, A*-dihydromuconic acid (évans) has been obtained for 
the first time in the homogeneous condition : the descriptions of this acid by Rupe (Annalen, 

* By the separative procedure outlined by Ingold and Shah much of the A*-dihydro-acid produced 
from sorbic acid would doubtless be mistaken for unchanged sorbic acid and would not be present in 
the dihydro-acid fraction submitted to ozonolysis. 
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1890, 256, 26) and Ingold (J., 1921, 119, 965) clearly refer to mixtures (possibly equilibrium 
mixtures) of the A*- and the A-acid * (see Part ITI). 

It is unlikely that Ingold and Shah’s results were due to a peculiar quality of their 
catalyst, for in nearly four years’ continuous work by one of us with platinum catalysts, 
prepared repeatedly and by different workers from Adams and Shriner’s hydrated platinum 
oxide (J. Amer. Chem. Soc., 1923, 45, 2171; “‘ Organic Syntheses,”” VIII, 92)—which Ingold 
and Shah also employed—no single departure from the partially step-wise mode of reduction 
of conjugated compounds described by Farmer and Galley has been encountered; further- 
more, recent evidence indicates that conjugated tri-olefinic acids suffer (in part) step-wise 
reduction in an analogous way to that of sorbic acid and its homologues. We have no 
doubt that the ozonolytic degradative procedure employed by Ingold and Shah (which 
Farmer and Galley had rejected after trial as unsuitable for the estimation, or even the 
detection, of small proportions of the dihydro-products) is responsible for their failure to 
detect any of the eight dihydro-derivatives of the three acids they examined. 

Ingold and Shah’s method of experimentally testing the truth of the proposition that 
“either there is but a single reaction leading directly to the tetrahydro-derivative, or the 
dihydro-compound is produced as an intermediate product in two consecutive reactions, 
of which the second proceeds more rapidly than the first’”’ is based on an unwarranted 
assumption. They apparently suppose that, if a substance A is reduced more rapidly than a 
substance B when each is taken separately, A will be reduced preferentially to B in a mixture 
of the two. That this assumption is invalid, or is not generally valid, was shown by Farmer 
and Galley in the case of allyl alcohol and A*-hexenoic acid, and is indicated by an observ- 
ation concerning pinene and cinnamic acid (J. Amer. Chem. Soc., 1929, 51, 3418) to which 
Professor H. Adkins has recently drawn our attention. It appears necessary to make a 
clear distinction between the selectivity of reduction in mixtures of substances and the 
relative speeds of reduction of the separate substances. 

In respect of the specificity of catalysts in promoting the hydrogenation of this or that 
type of double-bonded centre in a multi-unsaturated molecule, we have proceeded further 
in the direction of clear-cut step-wise reduction of simple conjugated acids by producing 
nearly complete (at least 95°) reduction of sorbic acid and extensive reduction of muconic 
acid to dihydro-forms (mainly A*-) at the stage of 50°/, hydrogenation by using an active 
nickel catalyst. The experiments will be described in a later paper. 


EXPERIMENTAL. 
50% Hydrogenation of Sorbic Acid. 

In order to demonstrate with greater definiteness the formation of dihydro-derivatives as 
a normal result of the partial hydrogenation of conjugated acids, the degradative method used 
by Farmer and Galley (/oc. cit.) for the determination of the components of the reaction mixtures 
has been replaced by a direct method dependent on the quantitative isolation of the latter. 
All the operations referred to in the introduction were carried out at least twice, and in many 
cases three or four times; since, however, they involved for the most part repetition of the same 
procedure, only one reduction of sorbic acid and one of sodium muconate are described below. 
In these reductions a relatively small proportion of catalyst was employed, with the result that 
the time of operation was greatly prolonged and the proportions of dihydro-product resembled 
those recorded by Farmer and Galley for an “‘ aged ”’ catalyst. 

Separation of Sorbic Acid.—The reduction product obtained by shaking 44-8 g. of sorbic acid, 
dissolved in 250 c.c. of rectified spirit, with hydrogen and 0-2 g. of platinum oxide (PtO,,H,O) 
was freed from catalyst and solvent and very slowly distilled through a short column 
under reduced pressure (glycerol-bath) until crystals began to separate in the condenser. 
(In the subsequent distillations the same procedure was employed and the operation continued 

* Ingold and Shah (loc. cit., p. 889) use such a mixture (supposedly the homogeneous A*-acid), 
after esterification, in comparing the rates of reduction of ethyl A*- and A*-dihydromuconate and ethyl 
muconate, They make the form of the various absorption curves the basis of a calculation which leads 
to the conclusion that “if the hydrogenation of the butadiene were a two-stage process in which the 
intermediate dihydro-compound or mixture of compounds undergoes further reduction with the velocities 
illustrated, then, after the absorption of one molecule of hydrogen, the dihydro-derivatives should be 
present in proportions of the order of 50%.’’ 
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until sorbic acid just began to crystallise in the condenser.) The residue in the flask solidified, 
By redistillation of the distillate from a smaller flask fitted with a short column, a liquid distillate 
of b. p. 110—120°/18 mm. was obtained and a solid residue remained, The two solid residues, 
which apparently consisted of sorbic acid, contained some A*-hexenoic acid: they were taken 
up in boiling petroleum (b. p. 60—80°), and the solution cooled in ice. Sorbic acid (13-2 ¢.) 
separated in (dry) crystalline condition, and from the petroleum solution there were obtained, 
on evaporation of the solvent and slow distillation of the residue, 6-7 g. of liquid distillate and 
3-3 g. of solid residue. This liquid distillate was combined with that previously obtained and 
with the acid derived from the washings of the apparatus (total, 27-6 g.), and the whole slowly 
redistilled as before: a liquid distillate (25-3 g.; b. p. 110—120°/19 mm.) and a further solid 
residue (2-3 g.) were thus obtained. The last two solid residues (2-3 g. and 3-3 g.) were combined 
and taken up in petroleum: the solution deposited 1-8 g. of sorbic acid and there remained 
dissolved a residue which when isolated and distilled yielded 2-6 g. of liquid distillate and 1-2 g, 
of sorbic acid. During these distillations At-hexenoic acid usually crystallised in part in the 
condenser, but could easily be distinguished from sorbic acid by its low melting point (33°) 
and its distinctive crystalline form ; there was no difficulty in separating a considerable proportion 
of the A*-acid in crystalline condition by careful fractionation, but a more elegant and less 
troublesome method of separation was available (see below). The separation effected is expressed 
by the following figures, which represent actual yields: unchanged sorbic acid, 17-3 g. (38%); 
total distillates, 27-8 g. (61%); loss, 0-5 g. (10%). 

Determination and Isolation of Dihydro-acids.—The final oily distillate was divided into three 
portions, which were treated as in (i)—(iii) below. 

(i) 3-6 G. were oxidised with 3% alkaline permanganate at 0°. The amount required (145 c.c.) 
corresponded to the presence originally of 1-2 g. of mixed hexenoic acids. This figure agreed 
fairly well with the amount of hexoic acid obtained on working up the oxidation product. The 
amount of hexoic acid in the total distillate was thus 18-3 g. (representing 39-5% of the sorbic 
acid taken). 

(ii) 11-8 G. were kept for 5} hours with 12 c.c. of N-ethyl-alcoholic hydrogen chloride and 
48 c.c. of absolute alcohol (compare Eccott and Linstead’s modification of Sudborough’s method 
of partial esterification, J., 1929, 2153; 1932, 125); the product was then poured into four 
times its bulk of water, and the whole made alkaline with sodium carbonate. The precipitated 
neutral ester was collected in a little ether and separated from the alkaline solution; the latter 
was entirely freed from alcohol by warming at 50° under reduced pressure and then thoroughly 
extracted with ether. The combined ethereal extracts yielded 6-2 g. of neutral ester. The 
alkaline solution yielded after acidification and extraction 6 g. of acidic material. 

Since the completeness of partial esterification (in the sense that A®- and A’-hexenoic and 
hexoic acids become esterified whilst A*-hexenoic acid remains unchanged) was in doubt, the 
acidic portion was resubmitted to esterification for 54 hours. The product then consisted of 
1-9 g. of crude neutral ester and 5-2 g. of acidic material. Further treatment of the unesterified 
portion (5-2 g.) for 54 hours yielded 1-1 g. of crude neutral ester and 4-5 g. of acidic material. 
These final products were separately submitted to careful examination before it was decided 
whether esterification had gone far enough. The neutral portion gave on distillation 7-9 g. 
of ester, b. p. 160—167°, which contained 0-8 g. of hexenoic acid as determined by oxidation 
with alkaline permanganate; moreover the oxidation product contained 0-1 g. of succinic 
acid (derived from 0-1 g. of A’-hexenoic acid) and no oxalic acid. Accordingly, no A*-hexenoic 
acid had suffered esterification. The acidic material which had escaped esterification was 
largely solid, even in crude condition : recrystallisation from light petroleum yielded 3-2 g. of 
A*-hexenoic acid (m. p. and mixed m. p. 33°) and there remained 0-5 g. of oily acid which was 
found by oxidation with permanganate to contain 0-3 g. of ethylenic acid and to yield by the 
oxidation oxalic acid, some volatile acid which consisted partly of butyric acid as shown by the 
smell, but no isolable quantity of succinic acid. The oily portion of the unesterified material, 
therefore, was adjudged to consist of 0-3 g. of A*-hexenoic acid and 0-2 g. of hexoic acid. The 
total amount of At-hexenoic acid found was 3-5 g. and it was apparent that suitable conditions 
of esterification had been attained. 

(iii) For quantitative purposes, 12-2 g. were submitted to partial esterification with 12 c.c. 
of N-ethyl-alcoholic hydrogen chloride and 50 c.c. of absolute alcohol for 16 hours. The products 
were (a) 8-9 g. of crude ester and (b) 6-0 g. of crude unesterified acid. The ester gave, on bromin- 
ation in chloroform at 0°, a mixture which yielded on distillation 2-8 g. of dibromo-esters 
(equivalent to 1-06 g. of A®- or AY-hexenoic acid) and a residue of saturated (hexoic) acid. The 
dibromo-esters yielded smoothly, on debromination with zinc and acetone, a mixture of Aé- 
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and AY-hexenoic acid: no attempt to separate the compounds was made owing to the great 
similarity in physical properties of the acids themselves and of their corresponding simple 
derivatives. Ozonolysis of the ester mixture yielded a mixture of aldehydes, which was dissolved 
in aqueous dimethyldihydroresorcinol : the corresponding mixture of dimethones was obtained 
in good yield, but the adequate separation of the individual compounds by fractional crystallis- 
ation and sublimation proved so difficult that only propaldehyde dimethone (the major 
constituent) could be separated in tolerably pure condition (m. p. 151—153°; mixed m. p. 
151—155°) ; comparison of the lowest-melting fraction (m. p. 130—140°), however, with authentic 
acetaldehyde dimethone (m. p. 139—140°) indicated that the latter substance was its main 
constituent, 

The unesterified acid yielded on recrystallisation 2-0 g. of pure hexenoic acid and a residue 
of oily acid. The latter consisted of only slightly impure A*-acid, since it yielded on ozonolysis 
almost pure butaldehyde (dimethone, m. p. 132°; authentic specimen, 134—135°; mixed 
m. p. 183—135°) (compare Kao and Yen, Sci. Rep., Nat. Tsing Hua Univ., 1932, 1, 185). 

The proportions of materials present in the hydrogenation mixture are shown on p. 304. 


50% Hydrogenation of Muconic Acid. 


Muconic acid (21-3 g.) was exactly neutralised with sodium bicarbonate solution, and the 
solution of the sodium salt (diluted with water to 500 c.c.) hydrogenated in the presence of 
0-4 g. of freshly reduced platinum catalyst (from platinum oxide). When 1 mol. of hydrogen 
had been absorbed, the catalyst was removed from the product, and the filtrate acidified with 
a slight excess of hydrochloric acid; the precipitated muconic acid was filtered off, washed with 
water, and dried (yield, 7-9 g.). The combined filtrate and washings were evaporated to dryness 
on a steam-bath and the residue of reduced acids and sodium chloride (31-2 g.) was directly 
submitted to partial esterification. 

Isolation of A*-Hydromuconic Acid.—Partial esterification was effected by keeping the residue 
for 16 hours with 50 c.c. of absolute methyl alcohol and 13 c.c. of N-methyl-alcoholic hydrogen 
chloride. The product, worked up as described above, yielded (a) a neutral oil (10-1 g.) and 
(b) an acidic oil (4-1 g.) which completely solidified in characteristic radial aggregates on cooling. 
The latter product, which was a half-ester, was extracted with light petroleum, from which it 
separated in colourless plates, m. p. 58°; there was a residue (0-7 g.), insoluble in petroleum, 
of slightly impure muconic acid. The half-ester was identified as methyl hydrogen A*-dihydro- 
muconate, MeO,C-CH,-CH,-CH:CH-CO,H, the production of which in pure form from A#- 
dihydromuconic acid was investigated for the purpose (see Part III). Yield, 2-7g. Hydrolysis 
of the half-ester to the corresponding A*-acid can be effected by boiling for several minutes with 
25% (by vol.) sulphuric acid or for a short time with dilute alkali. 

Isolation of A8-Dihydromuconic Acid and Adipic Acid.—The neutral product derived by 
partial esterification was brominated at 0° in chloroform (1-83 g. of bromine absorbed, the 
quantity required for the production of 3-8 g. of methyl 8’-dibromoadipate). The chloroform 
solution was washed with thiosulphate solution, dried, and freed from solvent by warming under 
reduced pressure. The oily residue yielded on partial distillation (i) pure methyl adipate (6-1 g.), 
b. p. 108—111°/8 mm., which was quantitatively hydrolysable to adipic acid, and (ii) an oily 
bromide which consisted mainly of the higher-melting form of methyl $$’-dibromoadipate 
(m. p. 93°; mixed m. p. 93°), but partly of the lower-melting form of the same compound 
(m. p. 43°; see Farmer, J., 1923, 128, 2542). No other substance was found. The dibromo- 
esters were capable of quantitative debromination with zinc and alcohol to yield pure methyl 
A’-dihydromuconate. 

Recovery Table. 
Yield, g. Equiv. of muconic acid, g. Yield, %. 
Muconic acid 8°6 40°3 
Methyl hydrogen A*-dihydromuconate : “4 113 
Methyl £8’-dibromoadipate , . 75 
Methyl adipate , , 23°5 
Loss 3°7* 17°4 

* This loss was an accidental loss due almost entirely to volatilisation of methyl adipate during 
incautious warming of the bromination mixture under reduced pressure to expel the solvent; no 
significant portion of it represented dihydro-acid in excess of that shown. 
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75. Piperitone.* Part XII. The Two Varieties of Piperitol. 


By JoHN READ and JAMES WALKER. 






READ and Storey (J., 1930, 2770) found that dextrorotatory piperitol was formed, together 
with d-a«-phellandrene, by the action of moist silver oxide on /-piperityltrimethylammonium 
iodide. In distilling the product, two fractions containing piperitol were obtained; these 
had somewhat different physical constants, and the values f of «j” were + 21-22° and 
-+- 40-22°, respectively. Although a complete separation was not claimed, it thus appeared 
that two dextrorotatory piperitols, both of which yielded d-piperitone when oxidised, 
were formed in this reaction. 

New work has now shown that the isolation of stereochemically pure piperitols is 
attended by unexpected difficulties. Careful repetition, on a larger scale, of the experi- 
ments of Read and Storey yielded piperitol fractions which were slightly levorotatory, 
a result which was traced to contamination with the powerfully levorotatory N-methyl-i- 
piperitylamine, having [«]}}” — 355° (chloroform). When this impurity was removed, 
the residual piperitol had values of [«]}?" as high as +- 50-8° (alcohol). Further, all piperitol 
(1) specimens made and purified in this way had one very remarkable property in common : 
when kept at the ordinary temperature for several days, they lost water spontaneously, 
with the production of d-«-phellandrene (II), and a consequent rise in optical rotatory 
power. Thus, one of the two possible varieties of piperitol undergoes spontaneously the 
striking 1 : 4-dehydration which forms a feature of the breakdown of the corresponding | 
quaternary ammonium hydroxide (loc. cit., p. 2773). In conformity with the usage adopted . 
in the menthone and carvone series, it is convenient to indicate the more readily dehydrated 
variety of the alcohol by the prefix neo; and on the same grounds this variety may be 
provisionally assigned the /vans-H configuration (III) : 
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It is not certain that the preparation having [«]{* + 50-8° consisted of pure d-neo- 
piperitol (d-ivans-piperitol) with or without some d-a-phellandrene. It seems likely, 


indeed, that the same reaction would give rise to some of the corresponding ordinary ¢ 
piperitol (cis-piperitol). meoPiperitol appears to be stabilised (see below) by traces of l 
the basic impurity which probably occurred in the first specimens prepared by this method ; 

it is possible, therefore, that such specimens may be successfully submitted to fractional y 
distillation as recorded by Read and Storey (loc. cit.), although this process cannot be S 
applied satisfactorily to purified neopiperitol. It is certainly remarkable that the two h 
optical rotations observed for Read and Storey’s fractions are in good general agreement, n 


both in sign and numerically, with the values now indicated for the two varieties of piperitol C 
related to d-piperitone and obtained by a combination of two methods. 

A second variety of piperitol (cis-piperitol) has, in fact, been prepared by reducing 
l-piperitone with aluminium isopropoxide in dry isopropyl alcohol, by the method of 
Ponndorf. The purified piperitol, which was obtained with difficulty and in poor yield P 


* Some early references of historical interest in the chemistry of piperitone, which have escaped due 
recognition, may conveniently be noted here. The first recorded mention of the oil of Eucalyptus piperita 
(J., 1921, 119, 780) appears to have been made by Dr. John White’s assistant, First-Assistant Surgeon D. 
Considen, in a letter to Sir Joseph Banks, dated from Port Jackson, November 18th, 1788: ‘‘ We have 
a large peppermint-tree which is equal, if not superior, to our English peppermint. I have sent you a 
specimen of it. If there is any merit in applying these and many other simples to the benefit of the 
poor wretches here, I certainly claim it, being the first who discovered and recommended it.’’ For the 
first references to the ketone now known as piperitone, see Callenbach, Ber., 1897, 30, 639, and Baer, 
Dissertation, Leipzig, 1898 (cf. Schimmel’s Semi-Annual Report, Leipzig, October, 1898, p. 49). st 
{ All values of a recorded in this paper are for a l-dcm. tube. al 
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(cf. Gibson and Simonsen, Chem. and Ind., 1930, 49, 540), had [a]; — 24-5° (alcohol). 
It showed no tendency to eliminate water spontaneously, and differed also in other respects 
from neopiperitol. From it was prepared, although only in small yield, a crystalline 
l-piperityl 3 : 5-dinitrobenzoate, m. p. 84—85°, [«])» — 30°. It seems likely that the 
corresponding /-neopiperitol was also produced in the reaction, particularly as /-«-phell- 
andrene was present in the crude product; moreover, partial racemisation of the /-piperi- 
tone may have attended its reduction (J., 1923, 123, 2267). It cannot be laid down at 
this stage, therefore, that the specimen having [«]|” — 24-5° was a stereochemically homo- 
geneous piperitol, although possibly /-neopiperitol would not have survived the processes 
of purification. 

The present position is, then, that two varieties of piperitol have been prepared, 
although possibly not in the pure state. One of these (neopiperitol) eliminates water spon- 
taneously, yielding thereby «-phellandrene of the same sign of optical rotation; the other 
(piperitol) is stable, and its 3: 5-dinitrobenzoate has been prepared. The most precise 
optical rotations (in alcohol) which can be advanced at present for the two varieties cor- 
responding to /-piperitone are [«]j*’" — 50-8° (/-neopiperitol) and [«]}* — 24-5° (/-piperitol). 

H. G. Smith (Baker and Smith, ‘‘ A Research on the Eucalypts,” 2nd edn., Sydney, 
1920, p. 373) observed the value a)» — 34-1° for a specimen (homogeneous) of /-piperitol 
from the leaf-oil of E. radiata, and Simonsen (Indian Forest Records, 1924, 10, part viii) 
gave ay -+ 41-9° (homogeneous) for d-piperitol from an unnamed species of Andropogon 
growing in the United Provinces. The piperitols obtained from these oils showed no 
tendency to eliminate water spontaneously when kept for long periods (private communic- 
ations) ; despite their higher rotatory powers, they must therefore be identified with stable 
l- and d-piperitol, obtainable by applying Ponndorf’s method to /- and d-piperitone, re- 
spectively. It now appears that /-piperitone gives rise to /-«-phellandrene in Eucalyptus 
oils through a preliminary reduction to the unstable /-neopiperitol, which then yields the 
terpene as a result of spontaneous dehydration (cf. Chem. Reviews, 1930, 7, 44). The 
occurrence of the stable variety of piperitol in such oils is capricious (Smith, unpublished 
observations), and is perhaps occasioned by relative acidity of plant sap and other seasonal 
factors. The phenomenal ease with which meopiperitol changes into «-phellandrene renders 
it unlikely that this alcohol could function as the precursor of A‘-carene; so that, if this 
terpene arises from a piperitol at all, it must be apparently from the stable variety (cf. 
Simonsen, Joc. cit.; Read, Chem. Reviews, 1930, 7, 46). 

Verbenol, the bridged-ring analogue of piperitol, also readily undergoes the 1: 4- 
dehydration which neopiperitol affords voluntarily, the product being verbenene (Ber., 
1913, 46, 1178; Amnnalen, 1927, 453, 48; Helv. Chim. Acta, 1924, 7, 489). 

If d-neopiperitol conforms to the postulated configurational relationships, it should 
yield a mixture of d-neo- and /-neoiso-menthol upon hydrogenation ; and /-piperitol should 
similarly yield d-iso- and d-menthol (cf. Chem. Reviews, 1930, 7, 37). These hydrogenations 
have not yet been attempted, but it has been shown that /-piperitylamine furnishes a 
mixture of /-7so- and /-menthylamine when hydrogenated, so that presumably it has the 
cis-H configuration (cf. J., 1930, 2761). 

During the present research, preparations of piperitylamine have been shown to contain 
a stable and unreactive substance having the formula C, 9H,,ON, corresponding to a 
menthylhydroxylamine or 3-aminomenthol and possibly originating from the reduction 
product (IV) of the fully hydrated azine of piperitone (cf. J., 1930, 2771; see also Meyer 


CHMe CHMe 

H, H, H,C’ “CH, 
H, (OH)‘NH-NH-(HO)CL CH, 
HPré (IV.) CHPré 


and Jacobson, “‘ Lehrbuch der Organischen Chemie,” 1907, I, i, 763). Since the sub- 
stance C,gH,,ON may be responsible for diminishing the yield of d/-piperitylamine and 
also for impeding its optical resolution (see below), it appears to be important to dehydrate 
Y 
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the azine fully before reducing it (loc. cit., p. 2775). Indeed, according to the following 
scheme, it is only the fully dehydrated azine which is convertible into piperitylamine. 
In the reduction, the true azine (V) probably dissolves in the acetic acid as the lactam form 
(VI), at which stage asymmetry is completely annulled. The addition of two atoms of 
hydrogen at the ends of the conjugated system, followed by reversal of the lactam form 
to the lactim form, gives an azo-compound, which is further reduced to d/-piperitylamine. 
This scheme accounts satisfactorily for two very remarkable facts which would other- 
wise be difficult to explain, namely, the loss of optical activity and the preservation of the 
A}-double bond of piperitylamine during the reduction. 


CMe CMe CMe CMe 
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In view of the possible formation of A?-menthen-1l-ol in the decomposition of piperityl- 
trimethylammonium hydroxide and of the further possibility that it might yield piperitone 
on oxidation, through preliminary anionotropic conversion into piperitol (cf. Ingold, 
Chem. and Ind., 1930, 49, 1008), this alcohol (cf. Wallach, Annalen, 1908, 359, 285) was 
synthesised from /-4-isopropyl-A?-cyclohexen-l-one ; when treated with Beckmann’s oxid- 
ation mixture, however, it did not yield piperitone. 

Of a number of schemes directed towards the synthesis of piperitols, two may be men- 
tioned here. Reduction of the keto-group of p-toluenesulphonyldihydrodiosphenol (VII) 
(this vol., p. 240) was expected to lead to the corresponding secondary alcohol, which, 
by successive acetylation and pyrolysis, should yield piperityl acetate; unfortunately, 
however, it has so far proved impracticable to reduce the keto-group without removing 
the sulphony]l radical. 


CHMe CMe-NH, CMe 
H,C/ \CH-0'SO,°C,H, ! H,C/ Ncx 
H.C. JCO O HC. JC:NH 
HPr CHPr? HPré 
(VII.) (VIIL.) (IX.) 


The possibility was also examined that piperitone might share the capacity of mesityl 
oxide to add ammonia at the double bond (Ber., 1874, 7, 1384), with the production of the 
analogue of diacetoneamine, 7.e., l1-aminomenthone (VIII): this might then be converted, 
eventually through a Hofmann degradation, into piperityl esters. The product of the 
reaction was, however, the unstable piperitone-imine (IX), which on reduction passed 
into a mixture of menthylamines. Similar reactions occurred with methylamine and 
ethylamine, leading in a very convenient way to N-monoalkyl derivatives of menthyl- 
amines. Diethylamine failed to react with piperitone (cf. Monatsh., 1932, 61, 299). 

In conclusion, reference may be made to the apparent stabilisation of meopiperitol 
by traces of a basic impurity. Since negative catalysis of a reaction is usually conditioned 
by inhibition of the positive catalyst, the hydrogen ion may be regarded as the active 
promoter of the dehydration of neopiperitol. The basic impurity depresses the hydrogen- 
ion concentration, R,N + H’°—>» [R,NH]’; on the other hand, the dehydration of 
piperitol takes the following route : 


CMe tie CMe CMe 
H,C/ \cH HHO’ \cH H’ + HC/ CH 
H,C 


a al OH+H* — 1 ees eo 
HPré HPré + H,O HPré 


(X.) (XI) (XIL.) 
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The Two Varieties of Piperitol. 


IE-XPERIMENTAL. 
Piperitylamines. 

1-Piperitylamine.—dl-Piperitylamine was prepared by reducing the hydrated azine of /- 
piperitone according to the method of Read and Storey (J., 1930, 2775). /-Piperitylamine 
(loc. cit., p. 2776) had aj;* — 75-94° (homogeneous). In a normal resolution, pure /-piperityl- 
amine hydrogen d-tartrate was readily obtained, with [a]) — 43-0° (c 1-4, water). In certain 
abnormal experiments, however, the value of [«]) remained at — 37-3° to — 38° after repeated 
recrystallisation, and the resulting base had a) — 61-5° to — 64°; this base was essentially 
/-piperitylamine, because it readily yielded pure phenylacetyl-/-piperitylamine, m. p. 89—$90°. 

A small crystalline deposit which had formed after several months in some residual piperity]- 
amine (ca. 400 g.) was collected and washed with light petroleum. The small colourless prisms 
obtained were stable in air and had m. p. 89—90-5°, b. p. 136°/18 mm., [a]j;* — 7-24° (c 0-9, 
chloroform). This new substance was odourless, and was sufficiently soluble in water to render 
the solution alkaline to litmus; it dissolved readily in dilute hydrochloric acid but not in sodium 
hydroxide solution. It affected acid potassium permanganate solution only slightly, and gave 
no appreciable reaction with Fehling’s solution, ammoniacal silver nitrate, nitrous acid, or 
benzoyl chloride in pyridine (Found: C, 69-9, 70-1; H, 11-8, 12-3; N, 8-3; M, by Rast, 178, 
180. C,yjH,,ON requires C, 70-1; H, 12-4; N, 8-2%; M, 171). 

Experiments with Crude d-Piperitylamine-—The residual base from the above optical 
resolution was examined with the aim of isolating d-piperitylamine, and also any stereoiso- 
merides which might be present. The application of /-tartaric acid (Kellett, J. Soc. Chem. 
Ind., 1932, 51, 2041) to the base (ap) about + 30°) gave, after four recrystallisations, the anti- 
meric form of the salt mentioned above. The phenomenon already noticed occurred again, 
repeated recrystallisation failing to raise the specific rotation of the salt from + 36-9° to the 
required value of + 43-0°. d-Piperitylamine prepared from this salt resembled the pure /- 
base, except that its optical rotation was lower: it had n\j" 1-4795 and a] + 56-5° (homogeneous). 
Although the base was optically impure, it readily yielded pure derivatives of d-piperitylamine. 
Acetyl-d-piperitylamine crystallised from aqueous alcohol in magnificent flat prisms, m. p. 
101—102°, [a«]}j° + 159° (c 1-2, chloroform) (Found: C, 73-6; H, 11-0. C,,H,,ON requires 
C, 73-8; H, 10-8%). Benzoyl-d-piperitylamine formed handsome prismatic needles, m. p. 
102—103°, [a] + 175° (Found: C, 79-0; H, 8-9. C,,H,;ON requires C, 79-3; H, 9-0%) 
(cf. J., 1930, 2777). 

The salicylidene derivative (cf. J., 1927, 2172) of crude d-piperitylamine was a syrup. Some- 
what similar results were obtained with benzaldehyde, p-nitrobenzaldehyde, and anisaldehyde. 
p-Dimethylaminobenzaldehyde gave a definite derivative, which after repeated recrystallisation 
from ethyl acetate had m. p. 127—128-5°, [a]p + 1° (c¢ 2, alcohol) (Found: C, 80-1; H, 9-7. 
C,gH,,N, requires C, 80-3; H, 9-9%). Since it was found that pure p-dimethylaminobenzyl- 
idene-/-piperitylamine had [«]) — 350°, the attempted purification was abandoned. Similarly, 
l-piperitylamino-/-methylenecamphor was found to have m. p. 134—135°, [a], — 471° (c 1-4, 
alcohol), while the impure d-piperitylamino-d-methylenecamphor prepared from the residual 
base was a very soluble microcrystalline powder, m. p. 132—133°, [«]p + 361°. 

Salts of the crude d-base with a large variety of optically active and inactive acids (including 
racemic acid) were examined without success. 

When the phosphate of a specimen of crude d-piperitylamine (x) + 23°) was dry distilled, 
it yielded /-«-phellandrene (a) — 22°). 

Methylation of 1-Piperitylamine.—The use of methyl sulphate and caustic alkali (Ber., 1931, 
64, 2866) failed to give complete methylation to the quaternary ammonium salt, and the method 
of Read and Storey (J., 1930, 2778) was followed, with the use, however, of larger quantities 
of materials. Even so, methylation was incomplete, as the following observation shows. 
The piperitol fractions from the decomposition of /-piperityltrimethylammonium iodide with 
silver iodide (J., 1930, 2779) were dissolved in ether and washed with dilute hydrochloric acid. 
A base (10-2 g.) was recovered from the acid washings, which distilled at 95—99°/16 mm. as a 
colourless mobile oil (8-6 g.) with an unpleasant odour; it had m\}*" 1-4771, [a]j?*" — 355° (c 2-0, 
chloroform). It did not absorb carbon dioxide from the air, like the unmethylated base, and 
appeared to be N-methyl-l-piperitylamine (Found: C, 79-1; H, 12-5; N, 8-2. (C,,H,,N re- 
quires C, 79-1; H, 12-6; N, 8-4%). 

Hydrogenation of 1-Piperitylamine-—When an ethereal solution of /-piperitylamine (4 g.) 
was hydrogenated with a palladium catalyst in presence of gum arabic (J., 1923, 123, 2921), it 
absorbed the calculated amount of hydrogen in 3 hours. The crude benzoyl derivative of the 
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product had [a]j/° — 32-3° (c 1-3, chloroform). Upon recrystallisation from absolute alcoho] 
this yielded a less soluble fraction of benzoyl-/-menthylamine. The mother-liquors appeared 
to contain benzoyl-/-isomenthylamine, and the crude product thus probably consisted of about 
31% of benzoyl-/-menthylamine and 69% of benzoyl-/-isomenthylamine (J., 1930, 2766). 
When hydrogenated in a similar way, acetyl-/-piperitylamine ([a]) — 153°) readily absorbed 
the calculated quantity of hydrogen, yielding a pale brown, viscid syrup with [a«]) — 37-5° 
(c 1-9, chloroform), The values of [«], for the acetyl derivatives of /-, /-iso-, d-neo-, and /- 
neoiso-menthylamine are — 81-7°, — 30-7°, + 53-0°, and + 2-6°, respectively (J., 1930, 2766) ; 
hence, in the absence of unchanged material, the above product probably consisted of about 
13% of acetyl-/-menthylamine and 87% of acetyl-/-isomenthylamine. 


Piperitols. 


d-neoPiperitol_—i-Piperityltrimethylammonium iodide was decomposed with silver oxide 
in the manner described by Read and Storey (J., 1930, 2780), except that larger quantities 
of materials were used. The terpene fractions were similar to those described (/oc. cit.); but 
the piperitol fractions, instead of being dextrorotatory, were slightly levorotatory, having values 
of [«]j*° from — 9° to — 10° in absolute alcohol (c 1-5). In spite of the low optical rotation, 
a portion (3 c.c.) of one of these fractions, when oxidised with Beckmann’s chromic acid mix- 
ture (20 c.c.), yielded d-piperitone with b. p. 105°/10 mm., nj” 1-4848, [a]if* + 63-3° (c 3-0, 
benzene). The piperitol fractions were dissolved in ether and washed with dilute hydrochloric 
acid (see above). The base-free piperitol was then fractionally distilled under diminished 
pressure, the operation being conducted as speedily as possible after removal of the basic im- 
purity. The dried distillate, which was the purest specimen of d-neopiperitol prepared, had 
(a}i3" + 50-8° (c 1-4, absolute alcohol), j}° 1.4775. When this product was kept in a closed 
vessel at the ordinary temperature, globules of water were deposited in a few days; these grew 
in size, and after 19 days the dried material had [a]}!" + 60-0°, nif 1-4848. The enhanced dextro- 
rotation was shown to be due to the presence of d-«-phellandrene. Owing to the instability 
of such specimens of weopiperitol, it has not yet been convenient to determine accurate physical 
constants, or to prepare derivatives, apart from the related d-piperitone. 

Similarly, purified specimens of /-neopiperitol, made from d-piperitylamine, eliminated 
water and developed an enhanced levorotation when heated, or when kept for a few days at 
room temperature, 

A specimen of optically inactive piperitol, prepared in a similar way from di/-piperitylamine 
(Read and Storey, J., 1930, 2779), was found to be perfectly homogeneous 18 months after 
it had been made, no water having been eliminated. It was shown to contain a basic impurity ; 
after this had been washed out, the residual dried oil when kept for a week in a sealed vessel 
showed a separation of globules of water. As a result of a fire (November, 1931), none of the 
original specimens of optically active piperitols (/oc. cit., p. 2780) were available for examination. 

1-Piperitol—Dry redistilled /-piperitone (100 c.c.) was mixed with dry isopropyl alcohol 
(150 c.c.) and aluminium isopropoxide (37 g.), and submitted to a slow constant-volume dis- 
tillation through a 30-cm. Vigreux column for 7 hours (Ponndorf, Z. angew. Chem., 1926, 
89, 141); acetone was not found in the last third of the distillate (total, 430 c.c.) by the sodium 
nitroprusside test. Most of the isopropyl alcohol was distilled from the product, and the 
residue was steam-distilled. The oily distillate (88 g.), after being shaken for 7 hours at 100° 
with a solution of sodium bisulphite (70 g.) in water (105 c.c.), gave a colourless mobile oil 
(31 g.), from which two fractions were obtained : (i) b. p. to 81°/16 mm., nj” 1-4790 (10-4 g.); 
(ii) b. p. 81—108-5°/16 mm., nj}" 1-4798 (16-4 g.). Fraction (i) consisted essentially of /-«-phell- 
andrene (nitrosite, m. p. 102° unrecrystd.); so that this reaction affords a new way of passing 
from /-piperitone to /-a-phellandrene. Fraction (ii), when redistilled, yielded two further 
fractions : (iii) b. p. to 88°/14 mm., nf" 1-4794 (5-0 g.) (Found: C, 84-3; H, 11-5%); (iv) b. p. 
98-5—100-5°/13 mm., nj$" 1-4776, [a]}* — 24-5° (c 1-4, absolute alcohol) (5-7 g.). Fraction (iv) 
was the purest specimen of /-piperitol obtained (Found : C, 77-7; H, 11-4%) : it was a colourless 
mobile oil, having an odour distinct from that of neopiperitol obtained from piperitylamine ; 
it showed no tendency to eliminate water when kept for 8 months. When treated in dry 
pyridine for 5 days with a slight excess of 3 : 5-dinitrobenzoyl chloride, it yielded a pale brown, 
mobile oil, which upon steam distillation to remove terpene left an amber glass. This gradually 
crystallised. Recrystallisation from absolute alcohol gave needles, m. p. 79—81°, and a second 
recrystallisation yielded small needles with a faint yellow tinge, which softened at 78° and 
melted at 84—85°; [a]! — 30° (c 0-1, chloroform). This substance, possibly pure 1-piperity/ 
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3: 5-dinitrobenzoate, was readily soluble in most of the common organic solvents (Found : 
C, 58-4; H, 5-9. C,,H,0,N, requires C, 58-6; H, 5-8%). The yield of crude ester was only 
13%, owing to the formation of terpene. The crystalline material from the mother-liquors 


had [«]}s — 17° (c 0-4, chloroform). 


The Action of Ammonia and Aliphatic Amines on Piperitone. 


Action of Ammonia.—tl-Piperitone (75 c.c.) was dissolved in a solution of ammonia (42 g.) 
in rectified spirit (500 c.c.) and kept in a stoppered vessel for 6 weeks at room temperature. 
Most of the alcohol and ammonia were distilled away in a vacuum, and the ethereal solution 
of the residue was extracted with dilute sulphuric acid. The ether contained piperitone; and 
a brownish-red oil (14 g.) was obtained upon basifying the acid solution. The base distilled 
with some decomposition at 99—105°/10 mm., yielding a colourless oil, with a repugnant basic 
odour, vj" 1-4898, d3 0-925; this appeared to be impure piperitone-imine (Found: C, 77-8; 
H, 10-9; N, 5-3. C,,H,,N requires C, 79-4; H, 11-3; N, 9-3%). It yielded piperitone when 
boiled with dilute mineral acids, and decomposed slowly when kept. 

The crude undistilled base when reduced with sodium (1-5 g. per gram) in absolute alcohol, 
yielded a colourless mobile oil with a strong basic odour, b. p. 90—92°/14 mm., ni 1-4642. 
This appeared to consist of a mixture of menthylamines (Found: C, 77-5; H, 13-1; N, 8-8. 
Calc. for CyH,,N: C, 77-4; H, 13-5; N, 9-0%). When benzoylated, it yielded a viscous 
syrup, which on treatment with light petroleum gave four-sided leaflets, m. p. 105-7—107° 
(Found: C, 78-8; H, 9-4. C,,H,,ON requires C, 78-8; H, 9-7%). The hydrochloride of the 
base was a microcrystalline powder, with a feeble levorotation, [a]) — 0-4° (c 1-2, water). 
When treated with nitrous acid (J., 1927, 1280), it yielded a terpene—menthol mixture, in which 
dil-menthol was recognised (J., 1933, 170). 

Action of Monomethylamine, etc.—By treating /-piperitone (89 g.) in a similar way with 
33% alcoholic methylamine (85 g.), a basic material was obtained which distilled at 103-5— 
105°/13 mm. as a faintly yellow, mobile oil with an offensive odour. The substance had 7}}* 
1-5032, and appeared to consist of slightly impure piperitonemethylimine (Found: C, 79-5; 
H, 11-4; N, 7-5. C,,H,)N requires C, 80-0; H, 11-5; N, 8-5%). When reduced with sodium 
and alcohol, the crude undistilled material (153 g.) yielded N-methylmenthylamine, a colourless 
mobile oil, with a strong basic odour, b. p. 96-5—98°/16-5 mm., njj” 1-4654 (98 g. crude; 68 g. 
redistilled). Although chemically pure, this base was stereochemically heterogeneous (Found : 
C, 77-8; H, 13-9. C,,H,3N requires C, 78-0; H, 13-7%). 

In a similar way, monoethylamine yielded piperitone-ethylimine and N-ethylmenthyl- 
amine, b. p. 95—99-5°/11-5 mm., xj)" 1-4610. Diethylamine did not react with piperitone 
under these conditions. Owing to the racemising effect of alkaline reagents on /-piperitone 
(J., 1923, 123, 2267), the substances described in this section showed at the most a faint optical 
activity. 


We thank Prof. J. L. Simonsen, F.R.S., for the /-4-isopropyl-A*-cyclohexen-1l-one used -in 
this research, and the Carnegie Trust for the Universities of Scotland for a Carnegie Scholarship 
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76. Researches in the Menthone Series. Part XII. Isolation and 
Characterisation of the neoisoMenthols. 


By JOHN ReaD and WILLIAM J. GRUBB. 


THE isolation of necoisomenthols from mixtures of menthols in which they undoubtedly 
occur, such as the reduction products of piperitone and zsomenthone (J., 1925, 127, 2782; 
1927, 1282), has proved to be unusually difficult; and most of the sporadic references in 
the literature to meoisomenthols are not sustained by any convincing evidence that these 
substances have been obtained free from stereoisomerides. The following data (English 
Patent 285,394), which are the most definite hitherto available, refer to dl-neoisomenthol, 
obtained by fractional distillation from products of hydrogenation of thymol and iso- 
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menthone below 160°: m. p. 12—14°, b. p. 214-5°/760 mm.; m. p. of hydrogen phthalate, 
90—92°; m. p. of #nitrobenzoate, 56°. The exact diagnosis of the d/-form is hindered 
by the lack of a definite criterion of stereochemical purity for the derived ketone, dl-iso- 
menthone; while work on the optically active forms has been handicapped by their ex- 
tremely low rotatory power, although a predicted value has been available for some time 
(Chem. Reviews, 1930, 7, 35). 

Zeitschel and Schmidt (Ber., 1926, 59, 2303) have shown that /-menthone yields a 
mixture of /-menthol and d-neomenthol when reduced with aluminium /sopropoxide, 
according to the method of Ponndorf (Z. angew. Chem., 1926, 39, 138) : a menthol mixture 
containing about 70° of d-neomenthol may thus be obtained (J. Soc. Chem. Ind., 1934, 
53, 52T). In a similar way, d-isomenthone might be expected to yield a mixture of 
d-isomenthol and d-neoisomenthol; but owing to the ready inversion of d-isomenthone 
into /-menthone (J., 1926, 2215), the product would also contain /-menthol and d-neo- 
menthol. d-isoMenthone is not yet available in quantity (J., 1927, 1281), and the 
reduction has not been investigated; Zeitschel and Schmidt (J. pr. Chem., 1932, 133, 365) 
have, however, demonstrated the formation of d-menthol from /-isomenthone in this way. 

By applying Ponndorf’s method to dl-isomenthone, prepared from dl-isomenthol, 
we have now been able to isolate a pure specimen of dl-neoisomenthol from the product ; 
but great care is required in the operation, owing to the ease with which the ketone is 
transformed into di-menthone. dl-neoisoMenthol melts at 14°, and is a mobile liquid 
which forms a characteristic crystalline #-nitrobenzoate and 3: 5-dinitrobenzoate. The 
separation was achieved by applying the results of an unpublished investigation dealing 
with the varying rates of reaction of the stereoisomeric menthols with certain acid chlorides 
and other reagents. 

Moreover, it has proved possible to isolate pure d/- or d-neoisomenthol from hydro- 
genated dl- or J-piperitone, by means of progressive purification through the hydrogen 
phthalate and phosphoric acid compound (see Blagden and Huggett, succeeding paper), 
followed by conversion into the characteristic and beautifully crystalline 3 : 5-dinitro- 
benzoate or p-nitrobenzoate. d-neoisoMenthol—the last of the menthols—has the lowest 
rotatory power of them all, namely, [«]/* + 0-14° (homogeneous); it is liquid at the 
ordinary temperature, the melting point being — 8°. Its stereochemical purity was 
proved by the fact that upon careful oxidation it yielded d-isomenthone with [«]|*' + 90-60° 
(homogeneous). Although the free alcohol is d-rotatory, it gives rise to /-rotatory 
derivatives: in this respect it resembles the allied d-neoisomenthylamine (J., 1930, 
2766). The striking correspondence in optical rotatory power between the menthy]l- 
amines (J., 1930, 2764) and menthols (J., 1931, 193; 1933, 169, 173) is shown below : 


Values of [«]p for Menthylamines and Menthols. 
l- d-neo-. d-iso-. d-neoiso-. 


Menthylamines (homogeneous) — 44°53° + 15°12° + 28°96° + 2°32° 
Menthols (in alcohol) + 20°7 + 25:9 + 2°2 


The value of [«], ‘“‘ for the unknown d-neoisomenthol ”’ (in alcohol) was calculated in 
1930 as + 2-6° (Chem. Reviews, 7, 35), from ideas based upon an application within defined 
limits of the so-called principle of optical superposition to the molecular frameworks of 
menthylamines and menthols. It is interesting to note further that the algebraic sum 
of the values of [«], for the p-nitrobenzoates of /-, d-neo-, d-iso-, and d-neoiso-menthol is 
— 38-6°; the sum for the corresponding 3 : 5-dinitrobenzoates is — 38-5° (J., 1933, 170). 
The table of calculated values for acid and alcohol radicals in the stereoisomeric menthyl 
menthoxyacetates and camphor-10-sulphonates (J., 1933, 171) may now be completed 
by adding the respective numbers 57-6, 29-2, 14-0, 11-9, and 2-2, for neoitsomenthols; the 
values 14-0 and 11-9 are negative for d-neoisomenthol. The table of refractive indices 
for the four series of menthols given at the end of this paper is also of considerable interest. 

To the summary of data given for characteristic -~-menthyl, /-neomenthyl, and d-iso- 
menthyl derivatives (J., 1933, 170), may now be made the following addendum for neoiso- 
menthyl derivatives : 
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d-neoisoMenthyl. 

M. p. [a]p (¢ 2, CHCI;). 
d-Camphor-10-sulphonate 69—70° (decomp. 100°) + 17°3° 
/-Camphor-10-sulphonate 84—86° (decomp. 89°) — 41:0 
d-Menthoxyacetate Liquid + 43°6 
l-Menthoxyacetate Liquid — 71°6 
p-Nitrobenzoate 72°5—73° {di 63—64°) — 53 
3 : 5-Dinitrobenzoate 100°5—101° (di 73—73°5°) — 95 
B-Naphthoate (di liquid) — 


Many interesting relationships become evident from an examination of the complete 
table: for example, the d/-p-nitrobenzoates in the two neo-series have lower melting points 
than the corresponding active forms, whereas in the other two series the reverse is the 
case; or again, the camphor-10-sulphonates decompose, with formation of menthene, 
much more readily in the meo-series than in the others. 

All the stereoisomeric menthylamines and menthols have now been isolated and charac- 
terised : thereby, a fundamental aim of this series of researches has been achieved. One 
of the most interesting general results of the work is the establishment of a close correspond- 
ence in optical rotatory power between the free menthols and menthylamines (see table on 
p. 314). This indicates convincingly that the four sets of compounds are stereochemically 
analogous. The relative molecular configurations (J., 1930, 2761) cannot yet be regarded 
as definitely settled, and it is hoped before long to publish new work bearing upon this 
important problem. The appended summary (J. Soc. Chem. Ind., 1932, 39, 331T, 330T; 
unpublished observations; J., 1927, 1279; 1933, 173; this paper) shows that externally 
compensated menthol and isomenthol have lower melting points than their optically 
active components, while in the two meo-series the inactive forms have the higher melting 
points: this relationship was anticipated (Chem. Reviews, 1930, 7, 37). 


Melting Points of the Stereoisomeric Menthols. 
Menthols. meoMenthols. isoMenthols. meoisoMenthols. 
53° 53°5° 14° 
d- or /-Form — 22 82°5 —8 


EXPERIMENTAL. 


dl-neoisoMenthol.—dl-isoMenthol (50 g., m. p. 48—50°) was oxidised with Beckmann’s 
chromic acid mixture (Amnalen, 1889, 250, 335). An ethereal solution of the resulting ketone 
was washed with water until neutral in reaction, the use of alkali being avoided owing to the 
danger of inversion. The ketone (40 g., b. p. 75—78°/7 mm.) was reduced with aluminium 
isopropoxide (8 g.) in dry isopropyl alcohol (120 c.c.), according to the method of Ponndorf 
(Z. angew. Chem., 1926, 39, 138). The product was an oil (35 g.), b. p. 82—84°/7 mm., jf" 
1-4635. 

This mixture of menthols was esterified with half the calculated amount of p-nitrobenzoyl 
chloride in presence of dry pyridine. The product was diluted with water, and the ethereal 
extract was washed with dilute hydrochloric acid, sodium hydroxide solution, and water. The 
unchanged menthol was then removed from the ester by distillation in steam; when converted 
into 3: 5-dinitrobenzoate (22-2 g.) and fractionally crystallised seven times from alcohol, it 
yielded pure d/-neomenthyl 3 : 5-dinitrobenzoate (3-4 g.), m. p. 129—130° (J., 1933, 170). 

The crude p-nitrobenzoate was a mobile oil, which became partly crystalline when kept. 
The filtrate (14-7 g.) remained as an oil. The crystalline solid (12-9 g.) had m. p. 48—50°; 
after three recrystallisations from absolute alcohol, faintly yellow needles of somewhat 
impure di-neoisomenthyl p-nitrobenzoate (3-8 g.) were obtained, with constant m. p. 54— 
55-5° (Found: C, 67-0; H, 7-7. C,,H,,;0,N requires C, 66-8; H, 7-6%). The dl-neoiso- 
menthol from this ester melted at 9°. The derived dl-neoisomenthyl 3 : 5-dinitrobenzoate 
separated slowly from absolute alcohol in thin, but well-defined rhombic prisms with a faint 
yellow colour; more rapid crystallisation gave minute and practically colourless, four-sided 
leaflets, m. p. 73—73-5°. The melting point remained unaltered after recrystallisation 
(Found: C, 58-4; H, 6-4. C,,H,,O,N, requires C, 58-3; H, 6-3%). Upon hydrolysis with 
methyl-alcoholic potassium hydroxide, this ester gave dl-neoisomenthol (1-5 g.), a colourless 
mobile liquid with a rather faint odour like that of meomenthol: b. p. 81°/6 mm., m. p. 14°, 
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ny; 1-4676, nf" 1-4504 (Found: C, 76-5; H, 12-8. Cy, H,,0 requires C, 76-8; H, 12-9%). The 
8-naphthoate was an oil. The pure p-nitrobenzoate formed faintly yellow needles, m. p. 63—64° 
(Found: C, 67-0; H, 7-6%). 

In another preparation, the p-nitrobenzoate obtained by partial esterification crystallised 
only very slowly, and the yield of solid was lower than described above. This solid also had 
a much higher melting point (84—86° after one recrystallisation), indicating d/-menthy] 
p-nitrobenzoate. The residual menthol was again partially esterified: the resulting p-nitro- 
benzoate, after several recrystallisations from alcohol, melted at 49—50°. This was not a 
homogeneous ester, however, since on hydrolysis and partial re-esterification of the menthol 
with p-nitrobenzoyl chloride the product melted at about 63° after several recrystallisations. 
This ester was transformed into 3 : 5-dinitrobenzoate; but this was obviously heterogeneous, 
since upon recrystallisation from alcohol it deposited a mixture of leaflets, characteristic of di- 
neoisomenthyl] 3 : 5-dinitrobenzoate, and needles. Such results are due to an excessive “ in- 
version ’’ of isomenthone into menthone before reduction has been completed, thus giving rise 
to an increased proportion of menthol and neomenthol in the product. In the above experi- 
ment, for example, the unesterified menthol, forming about 30% of the original reduction 
product, deposited 14% of its weight of practically pure d/-neomenthol when seeded with a 
minute crystal of that substance. 

Pure dl-neoisomenthol was obtained also from d/-piperitone by the method described 
immediately below, except that the final purification was accomplished through the 3: 5-di- 
nitrobenzoate. 

d-neoisoMenthol.—l-Piperitone was hydrogenated below 100° under an over-pressure of 
3 atm. in presence of an active hydrogenation catalyst with very weak isomerising power, 
until about 95% of the calculated amount of hydrogen had been absorbed. The product 
(containing ca. 200 g. of menthols) was heated with phthalic anhydride (270 g.) for 2 hours at 
120°, after which unesterified material was removed by steam distillation from water (1500 
c.c.) containing ammonia (100 c.c., d 0-880). The residual ester was hydrolysed by steam 
distillation with sodium hydroxide (120 g.). The low yield of menthols (140 g.) showed that 
some dehydration had occurred during the esterification. The distilled menthols (120 g., 
b. p. 214—218-5°/760 mm.) formed a sticky paste when treated with 100% phosphoric acid 
(30 g.) in presence of light petroleum (30 c.c.). The expressed dry solid, after crystallisation 
from light petroleum (30 c.c.), melted at 58° (55 g.). A further recrystallisation (50 c.c. of 
solvent) raised the melting point to 60° (constant) (43 g.). The resulting d-neoisomenthol 
phosphoric acid formed soft colourless needles, with a faint odour of the menthol; it gave no 
appreciable optical rotation («)) when examined in chloroform solution (c 2-0) in a 2-dcm. tube. 
When decomposed with boiling water, this compound (38 g.) yielded d-neoisomenthol (30 g.; 
calc. for 3C,gH,O,H;PO,, 31-4 g.), b. p. 214-6—214-7°/760 mm., m. p. — 8°, aj” + 0-82° 
(1-dcm. tube). 

Some of this product (18-4 g.) was treated with p-nitrobenzoyl chloride (24-1 g.; 1-1 mols.) 
in dry pyridine (40 c.c.); the resulting ester, after purification by washing and steam distillation 
(see under dl-neoisomenthol), had m. p. 69—73°, [«]}*" — 5-8° (c 2-0, chloroform) (32-9 g., 91-5% 
yield). When recrystallised from hot absolute alcohol (50 c.c.), it yielded pure d-neoisomenthy/ 
p-nitrobenzoate in fine, pale yellow prisms, up to 1 cm. long; these (30-3 g.) had m. p. 72-5— 
73°, [a]}) — 5-3° (c 2-0, chloroform), and the values remained constant after further recrystallis- 
ation (Found: C, 66-9; H, 7-7. C,,H,,0,N requires C, 66-8; H, 7-6%). 

The ester was completely hydrolysed when boiled for 30 minutes with 5% methyl-alcoholic 
potassium hydroxide (155 c.c.; 1-1 mols.). Pure d-neoisomenthol (13-7 g.) was isolated by 
steam distillation, followed by distillation under diminished pressure, as a colourless oil, some- 
what more mobile than d/-neoisomenthol, with a rather faint odour reminiscent of meomenthols. 
It had b. p. 84-2°/7-5 mm.; m. p. — 8°; nj§ 1-4674, n®° 1-4503; di 0-9131; [Rz]p 47-50 (calc., 
47-70); at® + 0-06°, [a]i® +0-07°, ajf + 0-13°, [a] + 0-14°, alS, + 0-14°, [a]58%, + 0-15° (homo- 
geneous, in l-dcem. tube); [a]\®* + 1-7°, [aJi® + 2-2°, [a]}®, + 2-3° (c 2-0, absolute alcohol) 
(Found: C, 76-8; H, 12-7. C,H,,O requires C, 76-8; H, 12-9%). Upon oxidising d-neoiso- 
menthol with Beckmann’s chromic acid mixture, the temperature rose rapidly. When the 
black addition compound decomposed (ca. 50°), the mixture was quickly cooled, and the ethereal 
extract of the ketone was washed several times with water, to neutral reaction. The resulting 
d-isomenthone had ajf* + 81-40°, [a]}®* + 90-60°, before distilling (cf. J., 1927, 1281); and after 
distillation under diminished pressure it had «js + 79-70°, [a]i®* + 88-70°, mj° 1-4548. 

Derivatives of d-neoisoMenthol.—The p-nitrobenzoate is described above. The 3: 5-dinitro- 
benzoate crystallised from absolute alcohol, containing a little ethyl acetate, in long, fine, and 
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almost colourless needles, m. p. 100-5—101°, [a] — 9-5° (c 2-0, chloroform) (Found: C, 58-4; 
H, 6-4. C,,H,,0,N, requires C, 58-3; H, 63%). The d-camphor-10-sulphonate separated 
from light petroleum (b. p. 60—80°) in rosettes of small colourless prisms, m. p. 69—70°, [a]\* 
-++- 12-3°, [a}i®* + 17-3°, [x]}8, + 22-3°, [x] + 35-2° (c 2-0, chloroform). The ester decomposed 
at 100°, yichiing d-camphor-10-sulphonic acid and menthene (cf. J., 1931, 190). From a cold 
saturated solution in light petroleum it was deposited in well-developed, doubly-terminated 
prisms (Found: C, 64.6; H, 9-2. C,)H;,0,S requires C, 64-8; H, 93%). The 1l-camphor- 
10-sulphonate crystallised from light petroleum in small colourless needles, m. p. 84—86°, decomp. 
89°. Inchloroform solution (c 2-0) it had [a]}* — 31-2°, [a]i®* — 41-0°, [a]}$, — 50-5°, [a]i®* — 70-8° 
(Found : C, 64:7; H, 93%). The d-menthoxyacetate was a yellow syrup, [a](* + 34-5°, [a]if 
+ 43-6°, [aJ}f, + 51-4°, [a] +67-7° (Found: C, 74-6; H, 11-4. C,.H,O; requires C, 74-9; 
H, 11-6%). The 1l-menthoxyacetate also was a yellow syrup, [a]i(* — 56-6°, [a])° — 71-6°, [a]if, 
— 84-4°, [a] — 107-5° (c 2-0, chloroform) (Found: C, 74-7; H, 11-4%). None of the last 
four esters displayed any marked anomaly of optical rotatory dispersion (cf. Tschugaeff, 
Ber., 1911, 44, 2026). 

Refractive Indices of Menthols at 60°.—At 60° all the menthols except d- and /-isomenthol 
(m. p. 82-5°) are liquid. The following values of ~f}” are of particular interest in relation to the 
Auwers-Skita rule, according to which cis-compounds display higher numerical values than 
the corresponding ¢vans-compounds for refractive index, density, etc. (Annalen, 1915, 410, 
287; 1920, 420, 91) : 


d-neomenthol (ex pure p-nitrobenzoate) 1°4448 d-neoisomenthol 
di-neomenthol (Howards) ‘ dl-neoisomenthol 


]-menthol (Howards) : dl-isomenthol (Howards) 
- (Bush) " s (ex pure p-nitrobenzo- 


dl-menthol (Howards) 
Pe (ex pure p-nitrobenzoate) 1°4465 
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77. Phosphoric Acid Compounds of Menthols and Other Alcohols. 


By J. WILLIAM BLAGDEN and WALTER E. HUuGGETT. 


In the course of work upon the industrial production of pure d/-ménthol from the mixtures 
of isomerides obtained in the catalytic hydrogenation of menthones, menthenones, thymol, 
etc., it was noticed that menthol forms a compound, 3C,9H.)0,H;PO,, with orthophos- 
phoric acid. Further investigation led to the isolation of crystalline derivatives of this 
type from other stereoisomeric menthols. They are prepared by mixing the menthol 
at the ordinary temperature with orthophosphoric acid (d 1-75) and recrystallising the 
resulting solid product from light petroleum or other organic solvent. The derivatives 
exhibit distinctive physical characteristics, and are fairly stable at the ordinary temper- 
ature, although they possess definite menthol vapour pressures. They show sharp melting 
points, and fusion occurs without decomposition; above the melting point, however, 
they decompose into their constituents, and the decomposition may be accompanied by 
partial dehydration of the liberated menthol. The following melting points have been 
observed for the phosphoric acid compounds of menthols: /-menthol, 74°; dl-menthol, 
74°; d-neomenthol, 86°; dl/-neomenthol, 86°; dl-isomenthol, 46°; d-neoisomenthol, 60°. 
Owing to its ready solubility, the derivative of dl-isomenthol is difficult to purity, and hence 
the recorded melting point may be unduly low. 

On account of their differing solubilities and their ready crystallisation from suitable 
organic solvents, these derivatives have proved very useful in separating mixtures of 
stereoisomeric menthols. This method of purification is, in fact, in industrial use for 
purifying synthetic di-menthol; moreover, it has greatly facilitated the isolation of such 
stereoisomerides as d/-neomenthol and dl-isomenthol. Recently, the method has been 





318 The Reactions of Thiocarbonyl Chloride. Part III. 


applied successfully in this laboratory in isolating d-neoisomenthol, which has thereby 
become available for the first time in a pure condition. Details of the properties and 
relationships of this menthol are summarised by Read and Grubb (preceding paper), with 
whom the present authors have been in collaboration. That paper also describes the 
method of preparing d-neoisomenthol as carried out in this laboratory. 

The reaction with phosphoric acid, first observed with menthol, is given by nearly all 
the terpene and hydroaromatic alcohols investigated and also by certain aliphatic alcohols, 
e.g., «-terpineol, borneol, isoborneol, fenchyl alcohol, cyclohexanol; ¢ert.-butyl alcohol in 
particular gives a beautifully crystalline derivative, m. p. 52°. Some of these have three 
molecules of the alcohol, others only one such molecule, in combination with each molecule 
of phosphoric acid. 

Some account of the properties and methods of preparation of these new derivatives 
can be found in the British Patents specifications Nos. 374,893 and 392,571 (see also pre- 


ceding paper). 
RESEARCH LABORATORY OF MESSRS. HOWARDS AND Sons, LTD., 


ILFORD. [Received, January 8th, 1934.) 





78. The Reactions of Thiocarbonyl Chloride. Part III. Structure 
of the So-called *‘ Thiocarbonyl Benzidine.”’ 


By G. Matcotm Dyson and DoNnALD W. BROWNE. 


STRAKOSCH (Ber., 1872, 5, 240) prepared a compound, “ thiocarbonyl benzidine,’’ by the 
interaction of carbon disulphide and benzidine in alcoholic solution and suggested the 
formula (I) or (II) for it despite conflicting analytical evidence. Le Févre and Turner 


H < NH-CSNH{ > 

; e9 

< > H Sate CS: uel, 
(.) (III.) (IV.) 


w OO NHCSNHE >—_ NH; 
NHC >< NH; NHCSNHK )—<_ NH 


(J., 1926, 2478) state that “ thiocarbonyl benzidine has been found definitely to have the 
formula (III).” If this be correct, thiocarbonyl benzidine shouid have physical properties 
lying between those of benzidine and those of diphenyl-4 : 4'-dithiocarbimide (IV), prepared 
by the present authors by interaction of aqueous benzidine hydrochloride and thiocarbony] 
chloride. This is emphatically not so: both benzidine and diphenyl-4 : 4’-dithiocarbimide 
are crystalline solids of definite m. p., distilling unchanged in a vacuum; both are soluble 
in benzene, ligroin, and glacial acetic acid; ‘‘ thiocarbonyl benzidine,” on the other hand, 
is an amorphous powder decomposing between 250° and 300° and insoluble in all the usual 
organic media. This apparent inconsistency suggested the present reinvestigation. 

Formule (I), (II), and (III) are ruled out by analytical data; in addition, (III) is 
ruled out by the method of preparation, which involves prolonged boiling with alcohol, 
since it has beeri shown (Browne and Dyson, J., 1931, 3285) that compounds containing 
the isothiocyano-group react rapidly with alcohol to form thiourethanes. This applies 
a fortiori to the purification of ‘‘ thiocarbonyl benzidine’”’ by Le Févre and Turner, by 
“ repeated extraction with boiling methylated spirit.” 

The general properties of ‘‘ thiocarbonyl benzidine ” seemed to correspond to those 
of a substituted thiourea, and complete analysis pointed to compound (VI), 4: 4’-bis- 
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(4'’-aminoxenyl-4'"’-thiocarbamido)diphenyl. Accordingly, this compound was synthesised 
by an alternative method, namely, the interaction of diphenyl-4 : 4’-dithiocarbimide and 
benzidine. It was identical in behaviour and appearance and properties with the “ thio- 
carbonyl benzidine ”’ of Strakosch. 

Analytical Data. 


Found. Calculated for formula 


Dyson and = Le Févre and I, II, or 

Browne. Turner. III. ha VI. 
72-0 — 69-0 73° 71:7 
51 — 4°4 5° 5:0 
13-0 13°0 12°4 13° 13°2 

10-0 — 14:2 78 1071 
Further, when “ thiocarbonyl benzidine” is heated with acetic anhydride, decom- 
position takes place (not acetylation as stated by Le Févre and Turner, Joc. cit.), giving 
a product which can be separated into two fractions: (a) soluble in cold benzene, mainly 
4-acetyldiphenyl-4'-thiocarbimide with a little diphenyl-4 : 4’-dithiocarbimide, and (b) 
monoacetylbenzidine, with a little diacetylbenzidine. In this, and in the absence of the 
characteristic properties of a thiocarbimide, “ thiocarbonyl benzidine ’’ conforms to the 


structure (VI). 





‘ 


EXPERIMENTAL. 


Thiocarbonyl benzidine was prepared by the method of Strakosch (loc. cit.) and purified 
by repeated extraction with warm ether. 

4-A cetyldiphenyl-4'-thiocarbimide.—Thiocarbonyl benzidine (20 g.) was heated with acetic 
anhydride (175 ml.) over a small flame until it dissolved (10 hours) and was then poured into 
water. The cream-coloured solid obtained was washed, dried, and extracted with warm 
benzene. The benzene solution was concentrated and chilled to 5°; 4-acetyldiphenyl-4'-thio- 
carbimide then separated in needles, m. p. 224° (Found: S, 12-05. C,,H,,ON,S requires S, 
11-9%). The concentrated benzene mother-liquor gave needles of diphenyl-4 : 4'-dithio- 
carbimide, m. p. 203° (Found : S, 23-9. C,,H,N,S, requires S, 23-8%). The benzene-insoluble 
portion was extracted with hot alcohol and gave monoacetylbenzidine, on cooling, in needles, 
m. p. 199°. The alcohol-insoluble portion proved to be diacetylbenzidine, m. p. 315° (decomp.). 

Diphenyl-4 : 4'-dithiocarbimide.—Benzidine (15 g.), dissolved in 1200 ml. of 2N-hydro-— 
chloric acid, was agitated for 3 hours with thiocarbonyl chloride (10 g.). The thick white 
precipitate, having been dried, crystallised from ligroin in long needles, m. p. 203° (Found : 
S, 23-9%). 

4: 4'-Dithiocarbimidodiphenylmethane, prepared similarly from /’-diaminodiphenyl- 
methane, formed long needles, m. p. 196°, from benzene (Found : S, 22-5. C,;H N.S, requires 
S, 22-7%). 

4: 4'’-Diamino-4’ : 4’'-dixenylthiocarbamide (V) was obtained as an insoluble by-product in the 
reaction of thiocarbonyl chloride and benzidine in acetic acid solution (cf. Jaffe, Ber., 1894, 
27, 1557) giving diphenyl-4 : 4’-dithiocarbimide (Found : S, 7-8. C,;H,,N,S requires S, 7-8%). 

4: 4'-Bis-(4"-aminoxenyl-4'"-thiocarbamido)diphenyl (V1).—Benzidine (2 mols.) and di- 
phenyl-4 : 4’-thiocarbimide in equimolecular proportion were warmed together in benzene 
solution. The precipitate which formed was insoluble in the usual organic media, but was 
purified by extraction with alcohol and ether. The final product was a cream-coloured powder, 
decomp. 260—280° (Found: S, 10-0. C,,H;,N,S, requires S, 10-1%). 


LOUGHBOROUGH COLLEGE, LEICESTERSHIRE. [Received, January 9th, 1934.]} 





79. Reactions of Unsaturated Compounds. Part II. Addition of 
Arylamines to Styrene. 


By W. J. HIcKINBOTTOM. 


ANILINE, in presence of its hydrochloride or hydrobromide, reacts with styrene at 220— 
260° to yield «-phenylethylaniline (I) together with relatively larger amounts of o- (II) 
and -«-phenylethylaniline (III) (o- and #-aminodiphenylethane). 











320 Hickinbottom : 

The structure of (III) was determined by replacing the amino-group by bromine by 
the diazo-reaction, and oxidising the bromo-hydrocarbon to p-bromobenzophenone. The 
application of the same method to determine the structure of (II) was unsatisfactory, 
for the corresponding bromo-compound could not be oxidised smoothly to a bromo- 
benzophenone. It was possible, however, to establish that both phenyl groups are 
attached to the same carbon atom by replacing the amino-group by hydrogen and oxidising 
the resulting hydrocarbon to benzophenone. It was not found practicable to establish 
directly the orientation of the amino-group, but, in view of the many established cases 
of o- and #-substitution in the nucleus of aniline it is extremely unlikely that the amino- 
group is in any position other than that assigned. 

Styrene reacts also with f-toluidine in presence of its hydrochloride to furnish a mixture 
of 3-«-phenylethyl-p-ioluidine (IV) and a-phenylethyl-p-toluidine (V). The reaction takes 
place, however, less readily than with aniline. This is still more marked when m-4- 
xylidine reacts with styrene ; the yield of (VI) is comparatively small, so it was not examined 
in any great detail. 


Ph-NH, + Ph-CH:CH, p-CoHyNH, + Ph-CH:CH, 


NH: CHMePh NH, sx NH, NH: CHMePh 


V Cam CO (eine ¢ Ta 


CHMePh Me 
(II.) (III.) (IV.) > . (Vv “<4 











The formation of secondary amines in these reactions supplements the only previously 
recorded examples of the addition of an amino-group at the double bond of an unsaturated 
hydrocarbon (Hickinbottom, J., 1932, 2646). The best yield of secondary amine was 
obtained by heating styrene and the amine salt with an excess of the free amine (Table I). 

The addition of aniline may take place to yield either «- or B-phenylethylaniline. The 
structure (I) was proved by the identity of the secondary amine (and its derivatives) with 
the amine (and its derivatives) prepared by the addition of methylmagnesium iodide to 
benzylideneaniline (Busch, Bvr., 1904, 37, 2691). The structure of (V) was established 
similarly. 

EXPERIMENTAL. 


Addition of Aniline to Styrene.—Styrene, aniline, and a suitable promoter were heated 
together in a sealed tube at 220—240° for 6 hours. After cooling, the black semi-solid product 
was extracted in succession with ether, water, and dilute hydrochloric acid. A moderate 
excess of 3N-hydrochloric acid was added to the combined extracts; the ethereal layer, after 
being shaken with several separate quantities of 3N-hydrochloric acid, contained chiefly styrene, 
polymerised styrene, and some diphenylamine. The aqueous acid extracts were combined 
and treated with aqueous ammonia, and the liberated amines were dissolved in ether, dried, 
and distilled to remove as much aniline as possible. The residue (A) contained o- and p-a- 
phenylethylaniline and a smaller amount of «-phenylethylaniline. The following table shows 
the yields obtained in several preparations after 6 hours’ heating. 








Yield, 
Aniline, Styrene, Promoter. o-amine, p-amine, sec.-amine, 
g. g. t — . Temp. g.- g. g. 
5 5 PhNH,,HCl 2 g. 270° 1°75 1-75 trace 
14 9 CdCl, 12 g. 200—255 0°93 115 —_— 
40 10°8 PhNH,,HCl 8 g. 200—240 1°56 3°70 0°68 


(i) Isolation of p-«-phenylethylaniline (III). The mixture of amines (A) was treated with 
N-sulphuric acid till the resulting paste, after vigorous stirring, was slightly acid to Congo- 
paper. After 12 hours, the sulphate was collected and washed with ether; the filtrate (B) was 
reserved for subsequent treatment. The sparingly soluble sulphate was treated with an excess 
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of aqueous ammonia and the liberated amine was dissolved in benzene, washed, dried, and pre- 
cipitated as picrate by a hot concentrated solution of picric acid in benzene (filtrate C). The 
picrate was decomposed with aqueous ammonia, and the liberated amine converted into p-a- 
phenylethylacetanilide, which separated from aqueous alcohol in platelets, m. p. 112—113° 
(Found: C, 80-7; H, 7-2; N, 6-0; M, Rast, 263. C,,H,,;ON requires C, 80-3; H, 7-2; N, 
59%; M, 239). This was hydrolysed with 20% hydrochloric acid, and subsequent treatment 
with excess of sodium hydroxide solution yielded p-«-phenylethylaniline as a pale yellow oil, 
b. p. 176—178°/20 mm. (Found: C, 85-3; H, 8-0. Calc. for C\H,;N: C, 85-2; H, 7-7%). 

The hydrochloride separated from dilute hydrochloric acid in transparent lath-like crystals, 
usually grouped in bundles (Found: HCl, 15-6. C,,H,;N,HCl requires HCl, 15-6%). The 
picraie formed nodular aggregates of bright yellow, slender needles, m. p. 197—199° (decomp.), 
from alcohol—benzene (Found: N, 13-2. C,,H,;N,C,H,;O,N; requires N, 13-1%), sparingly 
soluble in benzene, not easily in ether moderately easily in cold alcohol and more readily in 
the warm solvent. The benzoyl derivative separated from alcohol in thin elongated plates, 
m. p. 127—128° (Found: N, 4-5. Calc.: N, 46%) (Busch and Rinck, Ber., 1905, 38, 1763, 
give m. p. 123°). The m-nitrobenzenesulphonyl derivative formed a felted mass of slender 
needles from aqueous alcohol, m. p. 122—123° after softening at 120°. Diazotisation of the 
amine in an excess of 5N-sulphuric acid, followed by distillation in steam, yielded p-hydroxy- 
diphenylethane in white needles, m. p. 56—57° (Koenigs and Carl, Ber., 1891, 24, 3894, record 
m. p. 57—58°). 

Piabanetien of p-bromobenzophenone from p-a-phenylethylaniline. The amine was diazotised 
in an excess of dilute hydrobromic acid and treated with concentrated hydrobromic acid and 
copper-bronze. After several hours the p-bromodiphenylethane was distilled in steam, dissolved 
in ether, washed with dilute aqueous sodium hydroxide, recovered, and gradually treated 
(0-3 g. in 5 c.c. of glacial acetic acid) with 0-6 g. of chromium trioxide in the minimum amount 
of 50% acetic acid. The solution was boiled under reflux for 20 minutes, the excess of chromic 
acid destroyed by addition of dilute sulphuric acid and sodium bisulphite, and the solution 
diluted considerably with water and extracted several times with ether. Evaporation of the 
ethereal extract, after being washed with dilute aqueous alkali and dried, left an oil which 
rapidly solidified, m. p. 76—79° after draining on porous earthenware (yield, 0-12 g.), raised 
by crystallisation from aqueous alcohol to 80—81°, which was not altered by admixture with 
authentic p-bromobenzophenone. 

(ii) Isolation of 0-a-phenylethylaniline (II). The filtrates (B) and (C) (pp. 320, 321) were 
treated with an excess of aqueous ammonia, and the amines taken up in benzene. The benzene 
solution was washed, dried, and evaporated, and the residue extracted repeatedly with hot, very 
dilute hydrochloric acid. The combined acid extracts were made alkaline with ammonia, 
and the liberated amines were taken up in ether, washed with water, and mixed with a moderate 
excess of fairly concentrated hydrochloric acid. The hydrochloride of 0-a-phenylethylaniline 
separated as a crystalline paste. The filtrate (D) was reserved for further treatment. The 
free amine separated from light petroleum (b. p. 40—60°) as a mass of acicular crystals, m. p. 
58—59° (Found: C, 85-5; H, 7-9; N, 7:3; M, Rast, 205. ©C,,H,;N requires C, 85-2; H, 
7:7; N, 7-1%; M, 197), easily soluble in the more common solvents except light petroleum. 

The hydrochloride separated from dilute hydrochloric acid as clusters of very thin, transparent 
plates (Found: HCl, 15-6. C,,H,;N,HCl requires HCl, 15-6%). The acetyl derivative formed 
small compact crystals from ethyl alcohol, m. p. 112—113° (Found: C, 80-7; H, 7-3; N, 5-8. 
C,sH,,ON requires C, 80-3; N, 7-2; N, 59%); mixed with the p-compound, it melted at 
90—94°. The benzoyl derivative formed colourless needles, m. p. 95—96°, from benzene— 
light petroleum (Found: C, 84-0; H, 6-5; N, 4:8. (C,,H,,ON requires C, 83-7; H, 6-4; N, 
4-6%), fairly readily soluble in benzene, alcohol, or ether, but less soluble in light petroleum. 

Preparation of benzophenone from 0-a-phenylethylaniline. A solution of the amine (0-55 g.) 
in 10 c.c. of 5N-hydrochloric acid was diazotised, filtered, mixed with 20% aqueous sodium 
hydroxide at 0°, and added to alkaline stannite. A reddish oil separated, which after 2 days 
was taken up in ether, washed with aqueous alkali and acid, and steam-distilled. The hydro- 
carbon extracted from the distillate by ether was a colourless liquid with a pleasant odour 
(0-33 g.). It was oxidised by acetic acid—-chromium trioxide (2 g.) as described above, the 
diluted solution treated with alcohol to reduce the excess of chromium trioxide, and the product 
extracted in ether, washed (sodium carbonate solution and aqueous alkali), dried, and recovered 
as an oil (0-23 g.), which, after solidification and crystallisation from alcohol, had m. p. 47—48°, 

alone or mixed with authentic benzophenone (phenylhydrazone, m. p. and mixed m. p. 1836— 
137°). 
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(iii) Jsolation of a-phenylethylaniline (1). The filtrate (D) (p. 321) was treated with alkali, 
and the liberated amine taken up in ether and shaken several times with 3N-hydrochloric acid. 
The combined acid extracts were made alkaline and the amine, which separated, was distilled 
under reduced pressure after the usual treatment. The main fraction, b. p. 158—170°/23 mm., 
was a pale yellow, viscous oil which furnished a sparingly soluble nitrate, m. p. 158—160° 
(decomp.), on treatment with 3N-nitric acid. The amine liberated from the nitrate gave a 
nitrosoamine and was characterised by its p-toluenesulphonyl derivative, m. p. 95—96°. 

For comparison, «-phenylethylaniline was prepared by Busch’s method (loc. cit.) : it had 
b. p. 171—172°/21 mm. and formed a sparingly soluble nitrate, m. p. 160—161° (decomp.), 
and a p-toluenesulphonyl derivative, white needles from alcohol, m. p. and mixed m. p. 95— 
96° (Found : C, 72-2; H, 6-2. C,,H,,O,NS requires C, 71-8; H, 6-0%). 

Addition of p-Toluidine to Styrene.—Styrene (10 g.), p-toluidine (40 g.), and #-toluidine 
hydrochloride (8 g.) were heated together in sealed tubes to 260° during 2} hours and then at 
260—270° for 5} hours. The cold product, a crystalline mass, was treated as in the experi- 
ment with aniline (pp. 320, 321). 

(i) Isolation of 3-a-phenylethyl-p-toluidine (IV). The residue corresponding to (A), on 
treatment with warm N-sulphuric acid, gave a crystalline sulphate, which was recrystallised 
from very dilute sulphuric acid (the filtrates from these separations were reserved; B’) and 
reconverted into the amine (2-9 g.), the acetyl derivative of which, crystallised from alcohol, 
had m. p. 141—142° (Found: C, 80-2; H, 7-5; N, 5-4. C,,H,,ON requires C, 80-6; H, 7-6; 
N, 5-5%) and on hydrolysis with boiling 20% hydrochloric acid, followed by steam-distillation 
of the basified solution, yielded 3-a-phenylethyl-p-toluidine as a very pale yellow, viscous oil, 
b. p. 173—174°/18 mm. (Found: C, 85-3; H, 8-1. C,;H,,N requires C, 85-3; H, 8-1%). 

From the respective dilute acid solutions, the hydrochloride separated as four-sided tablets 
(Found: HCl, 14-6. C,;H,,N,HCl requires HCl, 14-7%), the hydrobromide as aggregates of 
stout prismatic crystals (Found: HBr, 27-5. C,;H,,;N,HBr requires HBr, 27-7%), and the 
sulphate as an asbestos-like mass of crystals, sparingly soluble in cold water [Found: H,SOQ,, 19-1. 
(C,;H,,N),,H,SO, requires H,SO,, 18-9%]. The picrate crystallised from benzene as bright 
yellow, nodular aggregates of small needles, m. p. 162—163° (Found: C, 56-8; H, 4-8. 
C,;H,,N,C,H,O,N, requires C, 57-3; H, 46%), not readily soluble in cold benzene, but readily 
in acetone, and the p-toluenesulphonyl derivative from alcohol as stellate clusters of prismatic 
needles, m. p. 122—123° (Found: C, 72-5; H, 6-6. C,,H,,0,NS requires C, 72-3; H, 6-4%). 

(ii) Isolation of a-phenylethyl-p-toluidine (V). The filtrates (B’) were made alkaline and the 
amines liberated were taken up in ether and distilled under reduced pressure, giving first some 
p-toluidine and then a main fraction (0-65 g.) at 165—190°/23 mm., chiefly at 180—184°, which 
gradually deposited prismatic crystals, m. p. 69—70° after recrystallisation from methyl alcohol. 
This amine yielded an oily nitrosoamine, was characterised as its p-toluenesulphony] derivative, 
m. p. 86—87°, and was identified as «-phenylethyl-p-toluidine by comparison with the specimen 
prepared as described below. 

Preparation of a-phenylethyl-p-toluidine from benzylidene-p-toluidine. Freshly distilled 
benzylidene-p-toluidine (45 g.) in dry ether was added to an ethereal solution of methylmag- 
nesium iodide prepared from 33 g. of methyl iodide. When the reaction had moderated, the 
mixture was heated under reflux for 2 hours. As much as possible of the ether was then dis- 
tilled off slowly, and the residue treated with ice and ammonium chloride. The oil which 
separated was taken up in ether and extracted with dilute hydrochloric acid. From the acid 
extracts, made alkaline, the secondary amine separated as an oil, which solidified and then 
crystallised from light petroleum in massive prisms, m. p. and mixed m. p. 69—70°, b. p. 183— 
184°/23 mm. (Found: C, 85-1; H, 8-1. C,;H,,N requires C, 85-3; H, 8-1%), not readily 
soluble in cold light petroleum or cold ethyl alcohol. 

The p-toluenesulphonyl derivative, prepared by means of p-toluenesulphonyl chloride in 
pyridine, crystallised from methyl alcohol as aggregates of short slender needles, m. p. 86— 
87° (Found: C, 72-3; H, 6-2. C,,H,,0,NS requires C, 72-3; H, 6-4%). 

Addition of m-4-Xylidine to Styrene-—A mixture of m-4-xylidine hydrochloride (4 g.), 
m-xylidine (5 g.), and styrene (4-5 g.) was heated in a sealed tube for 4 hours at 255—290° after 
a preliminary heating of 4 hours. The soft crystalline product, worked up by a process similar 
to those employed in the previously described additions, gave 3 g. of polymerised styrene and 
a mixture of amines which still contained a considerable amount of m-xylidine. This mixture 
was diluted with benzene and treated with picric acid ; a precipitate of m-xylidine picrate was 
obtained. The more soluble fractions were treated with an excess of aqueous ammonia, and 
the liberated amines acetylated. By fractional crystallisation the acetyl derivative of 5-a- 
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phenylethyl-m-4-xylidine (VI) was obtained pure (0-4 g.); it separated from alcohol in small 
rosettes, m. p. 148—149° (Found: C, 80-7; H, 7-6; N, 5-5. C,gH,,ON requires C, 80-85; 
H, 7-9; N, 52%). 

UNIVERSITY OF BIRMINGHAM, EDGBASTON. [Received, January 10th, 1934.] 





80. The Hydrolysis of Acetoxime. 
By J. E. WYNFIELD RHODEs. 


THE velocity of formation of acetoxime was studied by Barrett and Lapworth (J., 1908, 
98, 85), and Acree and Johnson (Amer. Chem. J., 1907, 38, 258; 1908, 39, 300) investigated, 
not only this velocity, but also the equilibrium between acetone, hydroxylamine, hydro- 
chloric acid, acetoxime, and water. The latter authors use this reaction as an important 
piece of evidence in favour of their theory of the réle of the hydrogen ion in catalysis, 
according to which the hydrogen-ion concentration appears in the expression for the 
equilibrium constant for the reaction: [(CHs),CO][NH,OH’]/[(CH,),C:-NOH][H‘] = K. 
Further, they assert that hydroxylamine is such a strong base that its salts are not 
hydrolysed, and replace [NH,OH‘] by the total concentration of free hydroxylamine, 
obtaining [(CH,),CO}[NH,OH]/[(CH;),C-NOH] = K[H*] = Ka, in which Kp, instead of 
being a constant, is made to vary directly as [H’]. Acree and Johnson’s experimental 
results are open to criticism on two grounds: .(1) they measured only the hydroxylamine 
and disregarded the possible escape of the volatile acetone from their solutions, and (2) 
they assumed that the concentration of the hydrogen ion was equal to that of the hydro- 
chloric acid used, accurate methods of measuring it not being then in general use. 

It was thought that the author’s method for the hydrolysis of acetonesemicarbazone 
(J., 1933, 204) might be applied to the hydrolysis of acetoxime. Difficulty was at first 
experienced in obtaining a constant value for Ka, the experimental values fluctuating and 
being much greater when obtained from acetone-hydroxylamine mixtures than from 
pure acetoxime; the explanation was found to depend on the fact that the reaction is 
catalysed by both acids and alkalis and is slow in their absence (Barrett and Lapworth, 
loc. cit.). Further, both products of the reaction are fugitive, acetone volatilising and 
hydroxylamine decomposing readily in the free state at the temperature chosen (50°). 
The latter effect can be very largely suppressed by the addition of hydrochloric acid, but 
this is a catalyst for the reaction, and it was desirable to obtain equilibria in neutral and 
uncatalysed, as well as in acid-catalysed, solutions. By combining the author’s method 
(estimation of free acetone by means of its partial vapour pressure) with that of the above 
investigators (estimation of free hydroxylamine by titration with iodine), the total hydroxyl- 
amine (including that present as acetoxime) being determined by reaction with ferric 
sulphate, followed by titration with permanganate, it became possible to study the 
equilibria and obtain the hydrolytic constant even after 200 hours’ heating. 

It was necessary to work with buffered solutions, because acetoxime is a weak acid 
and hydroxylamine is a weak base. The volatilisation of the acetone was avoided by 
heating the solution in sealed glass tubes until equilibrium had been established, and then 
breaking the seal and discharging the solution into the vapour-pressure apparatus. As 
the reaction was slow, this operation could be carried out without risk outside the ther- 
mostat : in any case it only took a few seconds, during which the cooling would be slight. 
It was later established experimentally that equilibrium could be attained in a few hours 
(as stated by Acree and Johnson) and sealed tubes were no longer used. 


EXPERIMENTAL. 


The acetoxime was prepared in small batches from pure acetone and hydroxylamine hydro- 
chloride, and recrystallised from warm light petroleum. Its purity was checked by analysis. 
The estimation of the free acetone was carried out as in the determination of the hydrolysis 
of its semicarbazone, and the free hydroxylamine by titration with N/100-iodine in presence 
of an acetate or phosphate buffer. The sealed tubes were of glass, about 2 cm. in diameter 
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and of 50 c.c. capacity, each end being drawn out into a capillary and turned up at right angles 
to facilitate emptying and filling. 

In experiments starting from hydroxylamine and acetone, it was necessary to neutralise 
the hydrogen chloride combined with the former by means of caustic soda. To ascertain 
whether the sodium chloride thus produced had any effect on the reaction, duplicate experi- 
ments on the hydrolysis of hydroxylamine were performed with and without the addition of 
the calculated amount of sodium chloride, but the results were unaffected. In experiments 
starting from hydroxylamine there was naturally much greater loss of hydroxylamine by 
decomposition than in those starting from acetoxime; e.g., in 340 hours at 50°, the loss by 
decomposition in a sealed tube was 34%, whilst in the reverse direction in 197 hours at the same 
temperature the loss was only 3-8%. The addition of hydrochloric acid sufficient to bring 
the acidity to 0-004N (about p, 2-4) reduced these figures to 0-7% for runs of a similar duration 
in both cases. 

The concentration of acetoxime in the later experiments was about 1% (0-137 g.-mol. /litre), 
and that of the hydroxylamine was equivalent. Owing to the slight hydrolysis very dilute 
solutions could not be used, and the degree of accuracy obtainable was not as high as in the case 
of acetonesemicarbazone. The ~y was measured by means of the Universal Indicator, and the 
buffer solutions were calculated from the data given by Clark (‘‘ Determination of Hydrogen 
Ions ’’). 

In the table of results, col. 1 denotes the number of the experiment and also whether it was 
hydrolytic (H) or synthetic (S) in direction; col. 2 denotes the number of hours of heating; 
d, e, and f are the concentrations of hydroxylamine, acetone, and acetoxime respectively at 
equilibrium, and g is the percentage hydrolysis of the oxime. 


Equilibrium between acetone, hydroxylamine, and acetoxime at 49-7°. 
xi. ox 36. pA & %- Ky X 10°. 
349 349 0°2490 14 48°9 
234 330 0°1274 1:84 60°6 
140 140 0°1356 1-03 14°5 
300 613 0°1189 15°5 
20 825 0°0983 16°9 
140 157 0°1354 115 16°15 
850 511 0°1285 33°9 
5 121 121 0°1358 0-90 10°85 
197f 162 162 0°1302 1°25 20°1 
* Solution had been standing for a month at room temperature, hence large loss of hydroxylamine. 
+ Free hydroxylamine calculated by estimating total hydroxylamine and acetone, the iodine 
titration not having been adopted then. A small loss of hydroxylamine would not be detectable, but 
would suffice to make the calculated value of K, unduly high. 


In Expts. 8 and 9 there was no buffer, the pq being determined solely by the reactants. In 
Expts. 1, 3, 8, and 9, free hydroxylamine was not estimated, but was assumed to be equal to 
the free acetone. The error thus involved can be seen by comparing Nos. 8 and 9: the average 
value of K,, for these two, viz., 15-5 x 10-*, is close to the average of Nos. 3, 4, and 5, viz., 


16-2 x 10°. 
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DISCUSSION. 


The above results show that from py 9-5 to py 4-6 the change in the value of K, is small, 
whilst on Acree and Johnson’s theory it ought to have increased 100,000-fold; even at 
py 2-4 it has only risen to four times its minimum value. The discrepancy between the 
results of those workers and of the author is probably due to the two causes outlined on 
p. 323 and to the fact that they ignored the possible decomposition of hydroxylamine. 
Their distinction between the various alternative mechanisms for the formation of acet- 
oxime is therefore not justified. Acetoxime (fq = 6-24 in 1% solution) may be considered 
a weak acid, and the small changes observed in the value of the equilibrium constant of 
the reaction are probably connected with changes in the activities of the reactants with fy. 


SUMMARY. 
The equilibria between hydroxylamine, acetone, and acetoxime in dilute aqueous 
solution at 49-7° have been investigated by measuring the concentrations of all three 
substances at equilibrium. The value of Ky, is about 16 x 10° in neutral solution, but 





The Action of Alkalis upon Substituted Benzdioxins. 325 


increases somewhat when the solution becomes very acid. It is concluded that hydrion 
is not involved in the equilibrium constant of the reaction, but may have a small influence 
in determining the active masses of the reactants. 

The author thanks Mr. G. W. F. Holroyd for his interest in this work. 


MUNICIPAL TECHNICAL COLLEGE, BLACKBURN. [Received, February \st, 1934.] 





81. The Action of Alkalis upon Substituted Benzdioxins. 
By F. D. Cuatraway and H. IRvING. 


Many #-substituted phenols condense readily with formaldehyde, dichloroacetaldehyde, 
and trichloroacetaldehyde, producing derivatives of 1 : 3-benzdioxin. 

The 6-substituted 2 : 4-bistrichloromethyl]-1 : 3-benzdioxins (as I) formed by the 
condensation of #-substituted phenols with chloral are all readily attacked by alcoholic 
potash, the reactions being of two distinct types: (1) the heterocyclic ring is opened and 
a derivative of phenetole is produced; (2) hydrogen chloride is eliminated from one or 
both of the ‘CH-CCl, groups, and corresponding unsaturated derivatives of benzdioxin 
containing one or two dichloromethylene groups are produced. 

The course of the reaction in any particular case depends mainly upon the nature of 
the substituent in the homocyclic ring, but is influenced also by the nature of the groups 
attached to the 2- and 4-carbon atoms of the heterocyclic ring. When the homocyclic 
ring contains an electron-attracting group (e.g., NO,,CO,H,SO,H), the carbon atom para 
to this group, the 9-carbon atom, owing to a local recession of electrons, becomes strongly 
kationoid and consequently vulnerable towards anionic attack. The intrusion of a negative 
ethoxyl ion (OEt®) at this point is therefore facilitated and the heterocyclic ring is ruptured 
between the 9-carbon atom and the adjoining oxygen atom (compare Chattaway, J., 
1926, 2720; Chattaway and Calvet, J., 1928, 1089, 689; Chattaway and Bell, this vol., 
p. 43). 

The further action of alkali upon the product (II) initially formed causes a chloral 
group to be eliminated as chloroform and formate with the formation of a 5-substituted 
2-ethoxy-1-888-trichloro-«-hydroxyethylbenzene (III) which, under the existing alkaline 
conditions, breaks down in two ways and yields either a substituted benzaldehyde (IV) 
(which is usually oxidised to some extent by the oxygen of the air to the corresponding 
benzoic acid) by loss of chloroform, or a substituted mandelic acid (V) by hydrolysis of the 
trichloromethyl group to carboxyl (compare Savarian, Compt. rend., 1908, 146, 297; 
Herbert, Bull. Soc. chim., 1920, 27, 45). 

—) OEt 

42 oe 
on 'CH-CClL, ox? ‘Gi Pe 
X<N\ 5 y, w 36 a> on 0“ CH-CCl, 
CH-CCl, CH-CCl, 


(I.) 


OEt -cncl, Et Et 
X CHO < X H(OH)-CCl, 2. H(OH)-CO,H 
(IV.) (III.) (V.) 

6-Nitro-2 : 4-bistrichloromethyl-1 : 3-benzdioxin (I, X = NO,) behaves typically in 
this manner, for, when it is heated with an excess of a 20° solution of potassium hydroxide 
in ethyl alcohol, chloroform and ethyl orthoformate are liberated and 5-nitro-2-ethoxy- 
mandelic acid (V, X = NO,) and a small amount of 5-nitro-2-ethoxybenzoic acid are 
formed (Chattaway, Joc. cit.). 

The influence of the groups in the heterocyclic ring on its stability is shown when 

Zz 
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6-nitro- or 6-carboxy-bisdichloromethyl-1 : 3-benzdioxin (VI) is heated to 50—60° with 
a large excess of 12% alcoholic potash: the ring is not ruptured, though in each case 
hydrogen chloride is removed from the ‘-CH-CHCl, group in the 4-position with the form- 
ation of 6-nitro- or 6-carboxy-2-dichloromethyl-4-chloromethylene-1 : 3-benzdioxin (VII) 
(compare Chattaway and Morris, J., 1928, 3243; Chattaway~and Farinholt, J., 1931, 
1739). 


an emanate aman (VIL) 


aay” (HO,C)NO, 
H-CHCl, “CHCl 


The general electron-attraction effect of the nitro- or the carboxyl group being less 
strongly reinforced by the -CHCl, group than by the more powerfully electron-attracting 
-CCl, group (compare Sutton, Proc. Roy. Soc., 1931, A, 133, 668), the hetero-ring in the 
former compounds (VI, VII) is stable. 

The resistance of the heterocyclic ring in a benzdioxin to rupture by alkalis unless the 
9-carbon atom is rendered sufficiently kationoid by an electron-attracting group in the 6- 
position, reinforced by sufficiently electron-attracting groups in the 2- and 4-positions, 
or by a second electron-attracting substituent in the 8-position of the homocyclic ring, 
is strikingly illustrated by the complete indifference of 6-nitro-1 : 3-benzdioxin (VIII) 
towards boiling 25° aqueous potash and towards boiling alcoholic potassium ethoxide, 
whilst the heterocyclic ring in 6 : 8-dinitro-1 : 3-benzdioxin (IX) is opened even by boiling 
1% aqueous potash, formaldehyde and 3 : 5-dinitrosaligenin (X) being formed : 


NO, NO; OH 
H H aq.NaOH bi 
NO, >: ° NO, ‘ "> i) + HCHO 
CH, CH, CH,°OH 
(VIII.) (IX.) (X.) 

When the 9-carbon atom is activated by two nitro-groups appropriately situated in 
the homocyclic ring, as well as by two trichloromethyl groups in the heterocyclic ring, 
rupture of the latter is still more easy; e.g., the hetero-ring in 6 : 8-dinitro-2 : 4-bistri- 
chloromethyl-1 : 3-benzdioxin (XIX) is opened smoothly and quantitatively by alcoholic 
potash even at 0°, ww-dichloro-3 : 5-dinitro-2-ethoxyacetophenone (XXI) being formed 
(compare Chattaway and Morris, J., 1927, 2016). 

Whilst it is thus clear that the presence of an electron-attracting group in the 6- or the 
8-position of a substituted benzdioxin makes the 9-carbon atom kationoid and facilitates 
ring fission, the presence of an electron-donating group (-NH,, -OH, —O®) renders the 
9-carbon atom anionoid and the heterocyclic ring resistant towards anionic attack.* 
For example, when boiled with excess of 20% alcoholic potash, 6-amino-2 : 4-bistrichloro- 
methyl-1 : 3-benzdioxin (XI) yields 6-amino-2 : 4-bisdichloromethylene-1 : 3-benzdioxin 
(XII), and 5: 7-dichloro-6-hydroxy-2 : 4-bistrichloromethyl-1 : 3-benzdioxin (as XI) 


(VI) (HO,C)NO, 


(XI) CH-CCl, sle-KoH C:CCl 
O O 


(—3HC)) NH, 
H-CCl, CCCI, 
similarly yields 5 : 7-dichloro-6-hydroxy-2 : 4-bisdichloromethylene-1 : 3-benzdioxin (as 
XII). In each case, the heterocyclic ring remains unbroken, the activating effect of the 
two —CCl, groups being insufficient to overcome the more powerfully deactivating effect 
of the electron-donating amino- or hydroxyl group. 

* The resistance of 4: 5-dibromocatechol methylene ether to sodium alkoxide, which opens the 
heterocyclic ring in 4 : 5-dinitrocatechol methylene ether (Parijs, Rec. trav. chim., 1930, 49, 40) and in 
4-nitrocatechol methylene ether (G. M. and R. Robinson, J., 1917, 111, 929), is a similar case. In the 
latter reaction, as would be expected, the alkoxy-group is introduced para to the nitro-group. 


NH, (XII.) 
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An electron-attracting group in the 6-position of a 2: 4-bistrichloromethyl-l : 3- 
benzdioxin (as I) not only renders the heterocyclic ring susceptible to rupture by alkalis, 
but also enhances the positive character and reactivity of the hydrogen atoms in the 
groups :CH-CCl, attached in the 2- and 4-positions. Elimination of hydrogen chloride 
from such groups can therefore be effected with unusual ease as follows, 


1 > ® v~ | S 
—¢—ca, — H +-—cC—cCcl —> —C—=CCl, + Cl 
e 


CG; 


even when such mild alkaline conditions are employed that the heterocyclic ring itself 
remains unbroken. For example, a very dilute boiling alcoholic solution of potassium 
cyanide (Chattaway and Irving, J., 1929, 1041) or of caustic soda (Lapworth, Peters, 
and Cocker, J., 1931, 1388) or even of anhydrous sodium acetate will remove one molecule, 
and one molecule only, of hydrogen chloride from 6-nitro-2 : 4-bistrichloromethyl-1 : 3- 
benzdioxin (XIII), yielding 6-nitro-2-trichloromethyl-4-dichloromethylene-1 : 3-benzdioxin 
(XIV). 

Since, however, in this compound (XIII) the effect of the nitro-group can be trans- 
mitted to neither of the -CH-CCl, groups through a conjugate series of bonds, only its 
“field” effect can be in question, and a preferential activation of the hydrogen atom 
attached to the nearest carbon atom, the 4-carbon atom, appears most probable. That 
elimination of hydrogen chloride actually occurs at this point * is shown by oxidising 
the unsaturated compound (XIV) with chromic acid: the ‘CCl, group is replaced by an 
atom of oxygen and 6-nitro-4-keto-2-trichloromethyl-1 : 3-benzdioxin (XV) is formed, which 
yields chloroform and 5-nitrosalicylic acid (XVI) when warmed with dilute aqueous alkali. 


QO 
\ H-CCl, _ —Hal \CH*CCh, 10s 
NO, i (KCN,NaOH, NO, i Cre 


or NaOAc) 
H-CCl, C:CCl, 
(XIII.) (XIV.) 


OH + CHCl, 
aq. xn 
ol YH "CCl; sa ‘a + H-CO,H 
ieee 9 2a 
ye: 0,H 
(XV.) (XVI) 


Similarly, when refluxed with potassium cyanide in alcoholic solution, 6-nitro-2 : 4- 
bistrichloromethyl-7-methyl-1 : 3-benzdioxin (as I) yields 6-nitro-2-trichloromethyl-4-di- 
chloromethylene-7-methyl-1 : 3-benzdioxin (XVII). This is oxidised by chromic acid ¢ to 
6-nitro-4-keto-2-irichloromethyl-7-methyl-1 : 3-benzdioxin (XVIII), which yields 5-nitro- 
2-hydroxy-4-methylbenzoic acid and chloroform on warming with aqueous alkalis. 


OH 
H,’ ~ H-CCl, _ 0 ‘> CH H-CCl, CH 
No} b 06: — SX 
aq CO,H 


(XVII.) (XVIIL.) 


* 6-Carboxy(or carbethoxy)-2-dichloromethyl-4-chloromethylene-1 : 3-benzdioxin (as VI), which is 
obtained by the action of potassium hydroxide (but not potassium cyanide) upon an alcoholic solution 
of 6-carboxy(or carbethoxy)-2 : 4-bisdichloromethyl-1 : 3-benzdioxin (as VII), has already been shown 
to have its double bond in the 4-position by independent reasoning (compare Chattaway and Farinholt, 
J., 1931, 1737). 

t When the simple benzdioxins derived from formaldehyde are oxidised by chromic acid, the 
4-position only is attacked: e.., 6: 8-dinitro-1 : 3-benzdioxin yields 6 : 8-dinitro-4-keto-l : 3-benz- 
dioxin (Chattaway and Irving, J., 1931, 2492). 
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In the case of 6 : 8-dinitro-2 : 4-bistrichloromethyl-1 : 3-benzdioxin (XIX), where the 
heterocyclic ring is even more sensitive to anionic attack than that in the mononitro- 
compound (XIII), when exceptionally mild alkaline conditions are employed, such as 
refluxing the compound with alcoholic sodium acetate, it is possible to remove one mole- 
cule only of hydrogen chloride, 6 : 8-dinitro-2-trichloromethyl-4-dichloromethylene-l : 3- 
benzdioxin (XX) being produced. Although this compound is destructively oxidised by 
chromic acid, and therefore it has not been possible to prepare the corresponding 4-keto- 
derivative, the existence of the dichloromethylene group in the 4-position is proved by the 
action of cold alcoholic potash, whereby chloroform and ww-dichloro-3 : 5-dinitro-2-ethoxy- 
acetophenone (XXI) are produced. The latter compound is also formed quantitatively 
by the action at 0° of alcoholic potash upon the original benzdioxin (XIX) itself. 


NO, NO, 


H-CCl, NaOAc x H-CCl a 
ROR A oo oo. ete 


CH-CCl, CCC, 


alc. | KOH alc. | KOH 
at} 0° at | 0° 


v 


NO, OEt NO, OEt ~ 
+ H-CO,H 


NO, 1 OH | + HCC 
CO-CHCI, | 





CCl, 

It is not possible to remove a second molecule of hydrogen chloride from the 2-position 
in 6-nitro(or 6 : 8-dinitro)-2-trichloromethyl-4-dichloromethylene-1 : 3-benzdioxin (XIV 
or XX), since, the 2-hydrogen atom not being sufficiently activated,* the heterocyclic 
ring, which has been rendered very susceptible to anionic attack by the electron-attracting 
substituents in the 6- (or 6: 8-)position of the homocyclic ring, would be preferentially 
attacked under such strongly alkaline conditions as would be necessary. 

Whilst electron-attracting substituents in the 6-position of a substituted 2 : 4-bistri- 
chloromethyl-1 : 3-benzdioxin (as I) activate the hydrogen atom attached to the 4-carbon 
atom and promote the facile elimination of hydrogen chloride from the ‘CH-CCl, group 
attached at this point, a similarly situated electron-donating group (NH, OH), in addition 
to rendering the heterocyclic ring very stable, should de-activate the 4-hydrogen atom 
and prevent, or at least markedly hinder, any such loss of hydrogen chloride. Such 
hindrance is in fact observed, for 6-amino-2 : 4-bistrichloromethyl-1 : 3-benzdioxin (XI) 
can be recovered quantitatively unchanged after having been refluxed for 3 hours with 
an excess of an alcoholic solution of anhydrous sodium acetate, or potassium cyanide, 
that is, under conditions which readily effect the elimination of hydrogen chloride from 
the corresponding 6-nitro-compound (XIII) (compare p. 327). 

* That the elimination of hydrogen chloride in these reactions does not occur in the 2-position is 
supported by the fact that in other compounds which contain a ‘:CH-CCl, group situated between two 
oxygen atoms, as, ¢.g., the cyclic acetals para-chloral (XXII) (Chattaway and Kellett, J., 1928, 2709), 
2-trichloromethyl-4 : 6-dimethyl-1 : 3 : 5-trioxan (XXIII) (Helferich and Besler, Ber., 1924, 57, 1278), 
and chloral glycerol (XXIV) (Hibbert, Morazain, and Paquet, Canadian J. Research, 1930, 24, 21091), 

CH-CCl, CH-CCl, CH-CCI, 
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the removal of hydrogen chloride by alkali does not occur except under conditions which bring about 
disruption of the heterocyclic ring. 
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Since, however, an electron-donating group in the 6-position protects the heterocyclic 
ring from rupture by anionic attack (p. 327), the behaviour of the ‘CH-CCl, group in such 
a compound towards boiling concentrated alkali should resemble that of such a group 
when attached to an indifferent hydrocarbon, as, ¢.g., in the diaryltrichloroethanes, 
Ar,CH-CCl,, where hydrogen chloride can be removed under sufficiently strongly 
alkaline conditions, and the corresponding dichloromethylene compounds, Ar,C:CCl,, 
formed. This is found to be the case, for with excess of boiling 20% alcoholic potash 
(20 mols.), hydrogen chloride is removed from both the 4- and the 2-position in 
6-amino-2 : 4-bistrichloromethyl]-1 : 3-benzdioxin (XI), the heterocyclic ring remaining 
intact (compare p. 326). 

EXPERIMENTAL. 


Oxidation of 6-Nitro-2-trichloromethyl-4-dichloromethylene-1 : 3-benzdioxin (XIV) to 6-Nitro- 
4-keto-2-trichloromethyl-1 : 3-benzdioxin (XV).—The unsaturated benzdioxin (XIV), previously 
prepared (Chattaway and Irving, J., 1929, 1041) by heating 6-nitro-2 : 4-bistrichloromethyl- 
1 : 3-benzdioxin (XIII) with alcoholic potassium cyanide, is more conveniently prepared by 
refluxing this substance for 3 hours with an excess of anhydrous sodium acetate in alcoholic 
suspension. 

Chromic anhydride (4 g.; 4 mols.) was added in portions to a slightly warmed solution of 
11-5 g. of the unsaturated benzdioxin (XIV) in 50 c.c. of glacial acetic acid, and after a few 
minutes’ boiling the green reaction mixture was poured into 750 c.c. of cold water and kept 
for 12 hours. 6-Nitro-4-keto-2-tirichloromethyl-1 : 3-benzdioxin (XV), which separated as a 
crystalline solid, crystallised from boiling glacial acetic acid, in which it was moderately easily 
soluble, in fine colourless prisms, m. p. 172-5° (Found : Cl, 34:0. C,H,O;NCI, requires Cl, 34-1%). 

Although this compound may be regarded as the chloralide derived from 5-nitrosalicylic 
acid, it could not be prepared directly from this acid and chloral: no condensation took place 
when 5-nitrosalicylic acid and anhydrous chloral were kept in concentrated sulphuric acid at 
the ordinary temperature, or were refluxed together at the boiling point for 12 hours, or were 
heated at 150° for 6 hours in a sealed tube. 

Action of Alkali upon 6-Nitro-4-keto-2-trichloromethyl-1 : 3-benzdioxin (XV).—When the 
oxidation product (XV) (3-6 g.) was gently warmed with 50 c.c. of 10% aqueous caustic soda 
and 15 c.c. of alcohol, it dissolved readily and chloroform was liberated. After being boiled 
for 2 minutes, the solution was cooled and acidified. 5-Nitrosalicylic acid, which separated 
(2-8 g., m. p. 225°; calc., 3-0 g.), crystallised from alcohol in colourless crystals, m. p. 228°, 
and did not depress the m. p. of an authentic specimen prepared from salicylic acid (Raiziss 
and Proskouriakoff, J. Amer. Chem. Soc., 1922, 44, 791). 

Preparation of 6-Nitro-2-trichloromethyl-4-dichloromethylene-7-methyl-1 : 3-benzdioxin (XVII). 
—8-0 G. of 6-nitro-2 : 4-bistrichloromethyl-7-methyl-1 : 3-benzdioxin were refluxed for } hour 
with 2-5 g. (3 mols.) of potassium cyanide in 50 c.c. of alcohol. The product (XVII), which 
separated when the reaction mixture was poured into a large volume of water, crystallised from 
boiling ethyl alcohol, in which it was somewhat sparingly soluble, in colourless rhombic plates, 
frequently twinned, m. p. 120—121° (Found: Cl, 45-2. C,,H,O,NCl,; requires Cl, 45-1%). 

6-Nitro-4-keto-2-trichloromethyl-7-methyl-1 : 3-benzdioxin (XVIII) was obtained by oxidising 
a solution of 4-5 g. of the unsaturated benzdioxin (XVII) in 30 c.c. of hot glacial acetic acid 
with 1-52 g. of chromic anhydride. It separated from boiling acetic acid, in which it was 
moderately easily soluble, in small colourless prisms, m. p. 149° (Found : Cl, 32-4. C,H,O,;NCI, 
requires Cl, 32-6%). 

When warmed with 10% aqueous caustic soda, this lactone gave chloroform and 5-nitro- 
2-hydroxy-4-methylbenzoic acid. This crystallised from boiling water in almost colourless 
needles, m. p. 225°, and did not depress the m. p. of an authentic specimen prepared by the 
nitration of 3-hydroxy-p-toluic acid (Chattaway and Calvet, J., 1928, 1094). 

Preparation of 6: 8-Dinitro-2-trichloromethyl-4-dichloromethylene-1 : 3-benzdioxin (XX).— 
23 G. of 6: 8-dinitro-2 : 4-bistrichloromethyl-1 : 3-benzdioxin (XIX) were dissolved in 150 c.c. 
of boiling ethyl alcohol and refluxed for 2 hours with 15 g. (excess) of anhydrous sodium acetate. 
On dilution with cold water, 6 : 8-dinitro-2-trichloromethy]l-4-dichloromethylene-1 : 3-benzdioxin 
(XX) separated as a crystalline solid. Recrystallised from ethyl alcohol, in which it was 
moderately easily soluble, it formed splendid fern-like growths of colourless prisms, m. p. 148— 
149° (18 g.; calc., 21 g.). 

When 6: 8-dinitro-2-trichloromethyl-4-dichloromethylene-1 : 3-benzdioxin (XX) (5-5 g.) 
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was dissolved in 50 c.c. of warm acetic acid, and sufficient chromic acid (1-8 g.) added to convert 
the ‘C:CCl, group into °C:O, oxidation of a part only occurred, the 4-ketobenzdioxin being more 
readily oxidised than the unsaturated benzdioxin (XX), which was in great part (3-2 g.) re- 
covered unchanged. 

Action of Alcoholic Potash upon 6: 8-Dinitro-2-irichloromethyl-4-dichloromethylene-1 : 3- 
benzdioxin (XX).—5-0 G. of the unsaturated benzdioxin (XX) (1 mol.) were finely powdered 
and added in small portions to a solution of 7-0 g. of potassium hydroxide (10 mols.) in 75 c.c. 
of ethyl alcohol at —5° to —10°. The liquid became purple and chloroform was liberated. 
After 15 minutes, the liquid was neutralised by hydrochloric acid, and the alcohol distilled in 
steam; wo-dichloro-3 : 5-dinitro-2-ethoxyacetophenone (XXI) separated from the residue as 
a liquid which solidified, on cooling, to a yellow crystalline mass (yield theoretical, 3-8 g.). It 
crystallised from boiling alcohol in small yellow prisms, m. p. 82—83°; alone or mixed with an 
authentic specimen (compare Chattaway and Morris, J., 1927, 2026). 

Action of Aqueous Alkali upon 6: 8-Dinitro-1 : 3-benzdioxin (IX).—3 G. of 6: 8-dinitro- 
1 : 3-benzdioxin (IX) were boiled for 3 minutes with 25 c.c. of 1% aqueous caustic soda. Form- 
aldehyde was liberated and the benzdioxin dissolved to give a clear red solution, from which, 
on acidification with hydrochloric acid, 3 : 5-dinitrosaligenin (X) separated, It crystallised 
from boiling water, in which it was moderately easily soluble, in pale yellow needles, m. p. 
104—104-5° (Found: N, 12-95. C,H,O,N, requires N, 13-1%). 

The diacetate, prepared by heating it with acetic anhydride and a drop of concentrated 
sulphuric acid, crystallised from boiling alcohol, in which it was readily soluble, in very slender, 
colourless prisms, m. p. 81-5—82° (Found: N, 9-5. (C,,H,O,N, requires N, 9-4%). 


[Received, November 25th, 1933.] 
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82. The Condensation of a-Methylmannoside with Benzaldehyde. 
By GEORGE J. ROBERTSON. 


THE interconversion of isomeric sugars by means of Walden inversion within the sugar 
molecule gives an added importance to the preparation of standard reference compounds 
in the mannose and galactose series, and the present research was undertaken with this 
aim in view. It also illustrates the marked effect produced by the cis-position of the 
hydroxyl groups on carbon atoms 2 and 3 on substitution reactions in the mannose mole- 
cule. Another striking example of this effect is afforded by mannose diacetone (Irvine 
and Skinner, J., 1926, 1089). 

When «-methylglucoside is condensed with benzaldehyde, 4 : 6-benzylidene «-methyl- 
glucoside is produced and there is no indication of the formation of a dibenzylidene deriv- 
ative (Irvine and Scott, J., 1913, 103, 585). The reaction with «-methylgalactoside follows 
an analogous course and the only product which hitherto has been isolated is 4 : 6-benzyl- 
idene «-methylgalactoside (Lamb and Robertson, unpublished result). It would there- 
fore appear that the ¢vans-disposition of the hydroxyl groups on carbon atoms 2 and 3 
in the above compounds is unfavourable to the entry of a second benzylidene residue in 
these positions. In the case of «-methylmannoside, however, the hydroxyl groups on 
carbon atoms 2 and 3 are in the cis-position and the smooth formation of 2 : 3—4 : 6-di- 
benzylidene derivatives is to be expected. This involves the formation of two new asym- 
metric centres in the molecule and it is therefore not surprising that the condensation 
of «-methylmannoside with benzaldehyde leads to the production of a complicated mixture. 

The reaction was investigated by Van Ekenstein (Rec. trav. chim., 1906, 25, 153), who 
describes a dibenzylidene «-methylmannoside, m. p. 178°, and a monobenzylidene «- 
methylmannoside, m. p. 110°. In the present research two isomeric dibenzylidene «- 
methylmannosides have been isolated, of which one, m. p. 181—182°, is identical with 
that described by Van Ekenstein, and the other, m. p. 97—98°, is new. In addition a new 
monobenzylidene a«-methylmannoside, m. p. 146—147°, has been obtained, but no trace 
of Van Ekenstein’s monobenzylidene derivative, m. p. 110°, has been detected. It seems 
probable that the material he described was an impure specimen of the derivative melting 
at 146—147°, contaminated with traces of the low-melting dibenzylidene derivative, from 
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which it is separable only with difficulty. A consideration of the optical data strengthens 
this view. 

When benzylidene «-methylmannoside, m. p. 146—147°, is submitted to methylation, 
followed by hydrolysis, it gives rise to a dimethyl mannose, which, on careful treatment 
with phenylhydrazine, loses a methoxyl group with the production of 3-methyl glucosazone. 
The new sugar is therefore 2: 3-dimethyl mannose and the parent benzylidene deriv- 
ative is 4: 6-benzylidene «-methylmannoside. Crystalline derivatives of 2 : 3-dimethyl 
mannose and 2 : 3-dimethyl «-methylmannoside are described. 


EXPERIMENTAL. 


a-Methylmannoside, m. p. 191°, was prepared from vegetable ivory meal by the method 
of Hudson (‘‘ Organic Syntheses,’’ 7, 64). 

The Condensation of a-Methylmannoside with Benzaldehyde.—A typical experiment is de- 
scribed. Finely powdered «-methylmannoside (20 g.) was heated with freshly distilled benz- 
aldehyde (100 c.c.) under ca. 330 mm. pressure in a current of carbon dioxide at 150—155°. 
When the sugar had dissolved (2—3 hours), the benzaldehyde was distilled as completely as 
possible at the same temperature by further diminution of the pressure. The residue, an almost 
colourless syrup, was poured while hot into absolute alcohol (200 c.c.), and a crystalline pre- 
cipitate (A) was immediately obtained (8-1 g.). The alcoholic filtrate was evaporated to dry- 
ness in a current of carbon dioxide under diminished pressure, and the addition of ethyl acetate 
to the dry syrup gave a crystalline precipitate of unchanged «-methylmannoside (1-1 g.). The 
ethyl acetate mother-liquor was in turn evaporated to dryness under the same conditions and 
the residue was crystallised from light petroleum (b. p. 60—80°)—absolute alcohol. The crystal- 
line separation (C) weighed 8-6 g. Further evaporation of the mother-liquor as described 
above and subsequent treatment of the residual syrup with ether gave a crystalline separation 
(D) (2-0 g.). The material (D), however, was not invariably isolated at this stage. In many 
experiments unchanged «-methylmannoside was obtained, owing to the hydrolysis of benzyl- 
idene residues through long contact with small amounts of benzoic acid. The yield of (A) 
may be increased from 8-1 g. to 20 g. by carrying out the condensation at 150°/230 mm., while 
the yield of (C) is reduced to mere traces. 

The material (A), m. p. 173—178°, crystallised from absolute alcohol, containing a little 
chloroform, in long fibrous needles, m. p. 181—182°. The pure substance is insoluble in hot 
water, soluble with difficulty in hot absolute alcohol, and easily soluble in chloroform. It 
is practically inactive (« = + 0-03° in a 2-dcm. tube, c = 1-645), and is a dibenzylidene a- 
methylmannoside. Van Ekenstein (/oc. cit.) records m. p. 178°, a» — 5° in chloroform (Found : 
OMe, 8-7; C, 67-9; H, 6-0. Calc. for C,,H,,0,: OMe, 8-4; C, 68-1; H, 5-95%). 

Crystallisation of the material (C), m. p. 138—140°, from light petroleum (b. p. 60—80°)- 
absolute alcohol raised the m. p. to 142°, after which recrystallisation from hot water gave 
pure 4: 6-benzylidene a-methylmannoside, m. p. 146—147°, in long, very slender needles, easily 
soluble in alcohol and chloroform; [«]p -++ 71-7° in chloroform (c = 1-185) (Found: OMe, 
10-1; C, 59-6; H, 6-2. C,,H,,O, requires OMe, 11-0; C, 59-6; H, 64%). Van Ekenstein 
(loc. cit.) records m. p. 110°, slightly levo. 

The material (D) crystallised from light petroleum (b. p. 60—80°)—absolute alcohol in 
beautiful clusters of stout prisms, m. p. 97—98°, [a]p — 61-3° in chloroform (¢ = 1-794), which 
proved to be an isomeric dibenzylidene a-methylmannoside (Found : OMe, 7-95; C, 68-3; H, 6-1%). 

The Partial Hydrolysis of Dibenzylidene a-Methylmannoside (A).—It was hoped that by 
carrying out the hydrolysis under very mild conditions it might be possible to effect the removal 
of one benzylidene residue with the consequent production of a monobenzylidene a-methyl- 
mannoside. The pure material, m. p. 181—182° (1-67 g.), was dissolved in a mixture of chloro- 
form (30 c.c.) and ethyl alcohol (20 c.c.) containing 0-3% of dry hydrogen chloride. The 
reaction was carried out at room temperature and its course was observed polarimetrically 
(2 = 1 dem.) : 

Time (mins.) 14 25 35 48 60 70 75 
000° =+0°14° +0°35° +0°47° +0°70° -+0°82° -+0°96° +1°04° 
After 80 minutes crystals of «-methylmannoside were deposited in the polarimeter tube and 
further observation was impossible. The reaction mixture was now shaken with dilute sodium 
carbonate solution and washed with water, and the chloroform solution was dried and evaporated 
to dryness. The residue crystallised immediately and no trace of any substance other than 
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dibenzylidene «-methylmannoside, m. p. 181—182°, was detected. When the values of ap 
are plotted against the time in minutes the resulting graph is practically a straight line. There 
is therefore little doubt that the two benzylidene residues are hydrolysed simultaneously and 
at practically the same rate. 

The Methylation of 4: 6-Benzylidene a-Methylmannoside.—Methylation was carried out 
with methyl iodide and silver oxide with the addition of acetone to effect complete solution 
of the material. Three successive treatments were necessary to effect maximum methylation. 
The final product, which was obtained in almost theoretical yield, distilled at 185—190°/0-47 
mm. (bath temp.) as a clear colourless syrup which showed nif" 1-5172 and [a]p + 62-7° in chloro- 
form (¢c = 1-178). 4: 6-Benzylidene-2 : 3-dimethyl a-methylmannoside could not be induced 
to crystallise (Found: OMe, 29-1; C, 62-0; H, 7-1. C,gH,,O, requires OMe, 30-0; C, 61-9; 
H, 7:1%). 

The Partial Hydrolysis of 4: 6-Benzylidene-2 : 3-dimethyl a-Methylmannoside.—A typical 
example is described. The material (10-9 g.) was dissolved in a mixture of acetone (160 c.c.), 
water (70 c.c.), and N-hydrochloric acid (10 c.c.) and the solution was boiled until the rotation 
became constant. The reaction mixture was neutralised with barium carbonate and filtered, 
and the acetone was evaporated under diminished pressure. The aqueous residue was ex- 
tracted twice with chloroform to remove benzaldehyde and traces of unchanged material; 
it was then evaporated to dryness in the presence of a little barium carbonate. The dry residue 
was extracted with chloroform, and the extract yielded a syrup (6-9 g. or 88-4% of the theoretical 
yield) which was distilled. 2: 3-Dimethyl a-methylmannoside is a colourless syrup, nj" 1-4729, 
and [a]p + 43-5° in chloroform (c = 2-387) (Found: OMe, 41-2. C,H,,0, requires OMe, 41-9%). 

6-Triphenylmethyl-2 : 3-dimethyl a-Methylmannoside.—2 : 3-Dimethyl «-methylmannoside 
(1-9 g.) and triphenylchloromethane (2-38 g.) were dissolved in pyridine (17 c.c.) and heated 
on a boiling water-bath for 2 hours. Benzene was added to the cooled solution and the mixture 
was extracted with dilute hydrochloric acid. The benzene solution was dried over anhydrous 
sodium carbonate, filtered, and evaporated. The product (3-35 g. or 84-4%) crystallised 
spontaneously. Recrystallised from rectified spirit, it formed lustrous plates, m. p. 172—173° 
(Found: OMe, 19-4. C,,H;,0, requires OMe, 20-05%). 

4 : 6-Dibenzoyl-2 : 3-dimethyl a-Methylmannoside.—2 : 3-Dimethyl a-methylmannoside was 
dissolved in dry pyridine and a 20% excess of benzoyl chloride was gradually added. After 
24 hours the reaction mixture was diluted with benzene and extracted in turn with dilute hydro- 
chloric acid, dilute sodium hydroxide solution, and water. The dried benzene solution was 
evaporated and yielded a syrup which crystallised on treatment with ether. The yield was 
50%. Pure 4: 6-dibenzoyl-2 : 3-dimethyl a-methylmannoside separated from ether in stout 
prisms, m. p. 121°, [a]p + 52-9° in chloroform (c = 1-643) (Found: OMe, 21-4; C,H,°CO, 
50-2; C, 64-1; H, 5-9. C,,H,,O, requires OMe, 21-6; C,H,*CO, 48-8; C, 64-2; H, 6-05%). 

The Hydrolysis of 2 : 3-Dimethyl a-Methylmannoside.—A solution of 2 : 3-dimethyl «-methyl- 
mannoside (14-6 g.) in 8% hydrochloric acid (230 c.c.) was boiled until the rotation became 
constant. The solution was then neutralised with barium carbonate and evaporated to dryness 
under diminished pressure. T..e dry residue was extracted with boiling chloroform and yielded 
a syrup (11-0 g. or 80-4%). 2:3-Dimethyl mannose could not be crystallised. The sugar 
showed [a], + 6-0° in methyl alcohol (c = 2-968), + 10-6° in ethyl alcohol (c = 1-88), — 4-3° 
in chloroform (c = 2-329), — 15-8° in water (c = 2-772), and — 34-4° in n-propyl alcohol 
(c = 1-798) (Found : OMe, 28-8. C,H,,O, requires OMe, 29-8%). 

The Action of Phenylhydrazine on 2 : 3-Dimethyl Mannose.—The action of phenylhydrazine 
under normal conditions for the formation of osazones led to extensive decomposition. When 
the sugar (1 g.) in 50% acetic acid was carefully mixed with an excess of phenylhydrazine 
(3-8 g.) in 50% acetic acid and the mixture was warmed at 60° for an hour, a crystalline pre- 
cipitate (0-25 g.), m. p. 165—170°, was obtained, and one recrystallisation from aqueous alcohol 
raised the m. p. to 168—172°. When mixed with 3-methyl glucosazone (m. p. 170—172°) 
the mixture melted at 169—172°. 

The Oxime of 2 : 3-Dimethyl Mannose.—The sugar (1 g.) was dissolved in alcohol containing 
the theoretical amount of hydroxylamine. After 2 days the solution was evaporated to dryness 
and a syrup was obtained which slowly crystallised. The syrupy material was drained on 
tile and 0-5 g. of hard crystals, m. p. 107°, was obtained. MRecrystallised from ether, the oxime 
separated in microscopic needles, m. p. 112—114° (Found : N, 6-3. C,H,,0O,N requires N, 6-3%). 


THE UNIVERSITY, St. ANDREWS. [Received, December 27th, 1933.] 
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83. Physical Properties and Chemical Constitution. Part I. Esters 
of Normal Dibasic Acids and of Substituted Malonic Acids. 


By ArtTuurR I. VOGEL. 


THE objects of this series of investigations are to obtain accurate values of certain physical 
properties (densities, refractive indices, molecular dispersions, surface tensions, dipole 
moments, viscosities, and heats of combustion) of a variety of highly purified organic 
compounds with a view to test known relationships between these properties and chemical 
constitution and to deduce new ones. Such a reinvestigation is all the more necessary in 
that many physical data in the literature have been obtained with compounds for which 
no criteria of purity are given. 

Measurements of the refractive indices, n?", n>", n}", ng’, and of the density and surface 
tension over a range of temperature of a homologous series of methyl and ethyl esters 
of normal dibasic acids, and of the methyl esters of substituted malonic acids, are now 
recorded. All the esters were prepared from the pure acids of definite and sharp m. p. 
Karvonen (Acad. Sci. Fennicae, 1918, 10A, No. 5, 1) carried out a series of careful measure- 
ments of the refractive indices and of dj" for the esters of the normal dibasic acids, which 
are in good agreement with the present results, but apart from this work and from certain 
isolated determinations [molecular refractivities of methyl dimethyl- and diethyl-malonates 
(von Auwers, Ber., 1913, 46, 511; compare Smyth and Walls, J. Amer. Chem. Soc., 1931, 
58, 529) and parachors of methyl malonate, ethyl malonate, succinate, and sebacate (see 
Rep. Brit. Assoc., 1932, 264, which contains a complete bibliography)], no systematic 
attempt to investigate the physical properties of these three series of compounds appears 
to have been made. 

Whilst the present work was in progress, Beck, Macbeth, and Pennycuick (J., 1932, 
2258) determined the parachors inter alia of methyl (282-5) and ethyl malonate (360-4), 
methyl dimethyl- (354-0), ethyl- (364-2), and n-propyl-malonates (393-3). Surface tensions 
were determined by the maximum bubble-pressure method (Sugden, J., 1922, 121, 858; 
1924, 125, 27), and the densities in ‘‘ pycnometers of different capacities ’’ at 30° for methyl 
and ethyl malonates, but no details of temperature, surface tension, or density are given 
for the substituted malonates. In the absence of criteria of purity of the esters, there is 
little to be gained in discussing the measurements, but the parachor values are given 
in parentheses for comparison with those deduced in the present paper. 

The results for the methyl and ethyl esters of the normal dibasic acids are summarised 
in Tables I and II. Table I contains the molecular refractivities for the C, D, F, and G’ 


TABLE I. 


Substance. [Rzle- A. [Rz]p- ° [Rz]r. ° [Rz]e. 
Methyl malonate ... . , 28°62 28°92 29°19 
succinate ... 32° ye 33-01 re 33°35 33°64 
glutarate yt 37°43 yo sve #* 38°16 
adipate pt 42°18 yt 42-61 78 42-98 
pimelate ... 46° 46°87 " 47°37 47°72 
suberate = 51°55 pe 5210 ce 52°56 
azelate P 56°14 56°72 57°24 
4°57 4°59 4°63 
Ethyl malonate , 37°89 ‘ 38°30 ° 38°62 
succinate - 42°35 — 42°80 is 43°18 
a55 0 403 ggg STS ggg 2 4788 
oa ses @ wap @ fe 
; 4°67 60°93 4°70 61°56 4°76 62°08 4-78 


Mean 4°59 4°61 4°66 4°70 
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lines at 20°; the mean differences for CH, in the two series are in sufficiently close agree- 
ment with the widely employed constants of Eisenlohr (Z. physikal. Chem., 1910, 75, 585; 
1912, 79, 129), viz., Ho 4-598, Nap 4-618, Hp 4-668, Hg., 4-710, to justify the use of the latter 
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figures, for the present, in the computation of molecular refractivities. Swarts (J. Chim. 
physique, 1923, 20, 33) found Ho 4-618, Hp 4-688, and Hg, 4:725 at 20°, as deduced by 
temperature correction of determinations at 79-5°, and Mercks, Verhulst, and Bruylants 
(Bull. Soc. chim. Belg., 1933, 42, 177) found Hg 4-615, Nap 4-632, Hp 4-685, and Hg, 4-721 
at 15°. Table II contains the values of the molecular refraction coefficients, Mn?" (Eisen- 
lohr, Fortschr. Chem., 1925, 18, B, Heft 9), the parachors, and the dispersions [Rz]p_o 
and [Rz]q—o. The mean value for CH, of Mn?” is 20-63. Eisenlohr (loc. cit.) gives 20-56 
and his constants will therefore be retained pending the accumulation of further data. 
The mean increment for CH, in the parachor is 40-3, which is appreciably higher than 
that (39-0) employed by Sugden (J., 1924, 125, 1180; “‘ The Parachor and Valency,” 
1929, 34; Rapports Institut Internat. Chim. Solvay, 1931, 4, 296) as a basis for his calcul- 
ations of atomic and structural parachors. Mumford and Phillips (J., 1929, 2112) have 
pointed out that Sugden’s low value may be partly due to his use of CH, differences derived 


TABLE II. 
Substance. f , A. Parachor. 


Methyl malonate ; 20°58 283°0 
» succinate 20°62 321°3 
glutarate P 20°69 361°4 
adipate P 20°46 401°8 
pimelate “16 s 443°3 
pote 484-4 

20°70 
524°6 

20°60 
Ethyl malonate ; , 361°5 
» succinate . a 400°0 
439°6 


[Rije-c. ([Rilec- 
0°43 0°70 
0°49 0°78 
0°56 0°89 
0°62 0°99 
0-71 1-06 
0°78 1:24 
0°82 1°34 


Cuore PP 
De oR * 


> em i im CO 


0°90 
: an fap 
pimelate 309° 20°63 520°5 42°3 
suberate j 2 «20°62 562°8 2% 40°5 

sebacate P 643°8 * 
Mean 20°66 40°3 


aR 
SSSe 
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1S mh 
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from both normal and branched-chain compounds and suggest that a more probable 
value, based largely on Hunten and Maass’s surface-tension determinations on a series 
of fatty acids (J. Amer. Chem. Soc., 1929, 51, 153), is 40 units. On this basis they have 
recalculated the atomic and structural parachor constants and have also introduced new 
“strain constants.” Their values, although more accurate than those of Sugden, will 
doubtless require slight modification, but this will be discussed as trustworthy data accumu- 
late in subsequent papers of this series. 

Hennant-Roland and Lek (Bull. Soc. chim. Belg., 1931, 40, 177; Lek, Diss., Bruxelles, 
1930) have carried out measurements on a series of homologous -alkyl bromides, iodides, 
and chlorides from which the parachors have been calculated (Rep. Brit. Assoc., loc. cit.). 
Their results are collected in Table III. The mean difference for CH, is greater than 
39-0 and the figures support the view that Sugden’s original value is too low. 


TABLE III. 


Bromides. Iodides. Chlorides. 
A. P. A. P. . 

. 187°0 151°6 
39-6 39-0 36-0 

226°0 187-0 
—_  =_ Ul hh Ue 

; — 2x397 

10241 a 

30-4 384°5 
The atomic parachor for hydrogen calculated from the most authoritative values for 
the normal hydrocarbons is 14-4 (Table IV); the corresponding value for carbon is there- 
fore 11-5. The figures for the last three hydrocarbons have been added for purposes of 
comparison and indicate clearly that the constants apply to compounds of high molecular 
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weight. These constants differ considerably from the values H = 17-1 and C= 48 
originally calculated by Sugden (loc. cit.). It should, however, be pointed out that the 


TABLE IV. 


Deduction of Atomic Parachor of Hydrogen. 


Compound. Observers. P, obs. n X CH. 2H. 
M. and W. (1, 2) 110°5 80°6 29°9 
M. and W. (1, 2) 150°8 120°9 29°9 
C. and M. (2) 190°3 161-2 29°1 
H.-R. and L. (3) 270°4 241°8 28°6 

310°8 282°1 28°7 

351-0 322°4 28°6 

429°7 403-0 26°7 

Mean 28°8 
S. and K. (2, 3) 1082 1048 24 
H. and M. (2, 3) 1322 1290 32 
S. and K. (2, 3) 2480 2418 62 

The initials give the reference to the observers, and the number in parentheses that of the parachor 
calculation. 

M. and W., Maass and Wright, J. Amer. Chem. Soc., 1921, 48, 1098; C. and M., Coffin and Maass, 
ibid., 1928, 50, 1427; H.-R. and L., Hennant-Roland and Lek, Joc. cit.; E. and C., Edgar and Calin- 
gaert, J. Amer. Chem. Soc., 1929, 51, 1540; S. and K., Schenk and Kintzinger, Rec. trav. chim., 1923, 
42, 759; H. and M., Hunten and Maass, Joc. cit.; (1), Sugden; (2), Mumford and Phillips; (3), Rep. 
Brit. Assoc.; locc. cit. 


new values of the atomic parachors based on CH, = 40-3 are regarded as preliminary and 
will be considered again when the investigation of other homologous series has been com- 
pleted. The atomic parachor for carbon is very sensitive to small differences in the CH, 
value and further independent determinations are therefore necessary. 

The results for the methyl esters of the substituted malonic acids, including the cyclic 
1 : 1-dicarboxylic acids, are summarised in Table V. The calculated values of Mnj” and 
[Rz]p were derived from Eisenlohr’s constants; no allowance was made for the presence 


TABLE V. 
Mn. [Rr]p. 





Methy] ester. Obs. Calc. Obs. Calc. r. [Rilr-c- ([Rzle-c- 
Malonate 186-71 187°65 28°62 28°60 283°0 0°43 0°70 
Methylmalonate 206°61 208-20 33°36 33°22 321-9 0°49 
Ethylmalonate 227°09 228°76 37°97 37°83 360°2 0°58 
n-Propylmalonate 247°50 249°32 42°52 42°45 397°9 0°65 
Dimethylmalonate 226°55 228°76 37°73 37°83 355°8 0°47 
Methylethylmalonate 247°54 249°32 42°13 42°45 391-3 0°61 
Methyl-n-propylmalonate 267'98  269°88 46°88 47-07 431-2 0°71 
Ethyl-n-propylmalonate 289°07 290°44 51°44 51°69 468°8 0°77 
Di-n-propylmalonate 311-94 310°95 56°07 56°31 505°1 0°84 
cycloPropane-l : 1-dicarboxyl- 

ate 227°75 233°76 36°39 35°63 339°3 0°59 
cycloButane-1:1-dicarboxylate 248-01 254°32 40°59 40°25 374°8 0°62 
cycloPentane-l : 1-dicarboxyl- 

ate 269°37 27488 44°82 44°87 408-0 0°66 
cycloHexane-l1 : 1-dicarboxyl- 


ee Bc bt doe 6 
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~ 
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295°44 49°16 49°49 442°2 0°73 


of ring systems. The significance of these results will be discussed in connexion with those 
of the corresponding substituted glutaric acids in the next paper of this series. Atten- 
tion is, however, directed to the CH, differences for the parachor in the series malonic, 
methyl-, ethyl-, and ”-propyl-malonic esters, which are 38-9, 38-3, and 37-7 respectively ; 
these are, in qualitative accordance with the valency-deflexion effect, less than the normal 
value (40-3) in a polymethylene chain. 

The methyl esters were selected partly owing to the comparative ease of their prepar- 
ation and partly in the hope that reduction in the volume of the ester groupings would 
render the influence of substituents on the central carbon atom more apparent, 





336 Vogel: Physical Properties and Chemical Constitution. Part I. 


EXPERIMENTAL. 


Measurement of Refractive Indices and Dispersions.—These were carried out on the latest 
type of Zeiss Pulfrich refractometer. For the D-line a Hilger sodium lamp was used in the 
early determinations, which was later réplaced by a Zeiss electric sodium lamp. An H-type 
of Geissler hydrogen tube was employed for the measurements at the C, F, and G’ lines. All 
the determinations were carried out at 20° + 0-05°, unless otherwise stated; accurate temper- 
ature control was ensured by surrounding the cell containing the liquid under investigation 
with a hollow cylinder in addition to the usual silver-plated cylinder immersed almost to the 
surface of the liquid in the cell, and water at 20°, from an electrically controlled thermostat, 
was circulated through both by means of a small pump. 

Measurement of Surface Tension and of Density over a Range of Temperature.—The surface 
tension was determined by the method of Richards, Speyers, and Carver (J. Amer. Chem. Soc., 
1924, 46, 1196) in an apparatus constructed entirely of Pyrex glass, modified as previously 
described by the author (J., 1928, 2027). The Pyrex capillary tubes were carefully selected 
from a large batch of specially drawn tubing for the uniformity of their bore. 

The difference in capillary rise was measured by means of a travelling microscope, provided 
with spirit levels both on the observation tube and on the base, reading directly to 0-01 mm. 
Both meniscuses could be observed simultaneously, and adjustment to the central cross wires 
was made by means of a specially designed fine adjustment screw. The constant of the appar- 
atus, K, was determined both with conductivity water (729. = 72-80, and temperature co- 
efficient = 0-15 dyne/cm./degree) and with different samples of benzene (Kahlbaum’s “ pure 
for molecular weight determinations ’’ and sodium-dried A.R.) (yo. = 28-88, and values at 
other temperatures from Sugden, J., 1924, 125, 27), and the corrections for the meniscus were 
applied by means of Poisson’s equation as before (J., 1928, 2028); the corrected difference in 
height between the meniscuses in the capillary tubes, H, is obtained from the observed difference, 
hk (in mm.), by subtracting 0-24. The mean values for the three apparatus employed were : 
A, 1-8545; B, 2-5142; and C, 1-8725. 

Measurements were conducted at room temperature and at those of boiling chloroform 
and of boiling trichloroethylene, and the exact temperature in each of the last two cases was 
measured on a small Anschiitz thermometer with enclosed graduations immersed in the liquid 
under examination. Before the measurements at room temperature, the surface-tension 
apparatus was inclined several times to ensure thorough “‘ wetting ”’ of the sides of the capil- 
laries. Between each series the apparatus was rinsed with rectified spirit, then with water, 
kept in dichromate mixture for 24 hours, thoroughly washed successively with water, rectified 
spirit, and absolute alcohol, and finally dried at 100°. Both the rectified spirit and the absolute 
alcohol were distilled through a plug of purified glass wool to remove any finely divided solids 
present: the first and last 10% of the distillate were discarded. 

The densities were determined with a silica or Pyrex pycnometer of about 1-5 c.c. capacity, 
which was calibrated with conductivity water. Measurements at 20° were carried out by 
immersion in a thermostat at 20° + 0-01°, and at other temperatures by completely surrounding 
the pycnometer by a closely fitting double-walled glass vessel, the annular space being filled 
with a suitable vapour. The exact temperature was read on a small Anschiitz thermometer 
immersed in the vapour. 

In the tabulated results below, ¢ is the temperature, h the observed difference in height 
(in mm.) in the two arms of the U-tube, H the corrected value, dj. the density (g./c.c.; calculated 
from the observed densities by assuming a linear variation with temperature), and y is the 
surface tension (dynes/cm.) computed from the equation y = KHd. Incalculating the parachor, 
the density of the vapour has been neglected: The number in parentheses following the value 
of 79° is the temperature coefficient of surface tension. 

Preparation of Acids.—The preparations of those marked with an asterisk have already 
been described (J., 1929, 1478, 1488), and only improvements are indicated. The preparations 
marked with a dagger were carried out by Mr. G. H. Jeffery. 

*Malonic acid. M. p. 135° (decomp.). 

tSuccinic acid. Prepared by the hydrolysis of succinonitrile, m. p. 54°, with 50% sulphuric 
acid (see below); recrystallised from acetone, m. p. 185—185-5°. 

tGlutaric acid. «y-Dibromopropane, b. p. 163—167°/771 mm., was converted into the nitrile 
(“‘ Organic Syntheses,’”’ 1925, 5, 103) in 60% yield. A middle fraction, b. p. 149—150°/14 mm., 
was hydrolysed by heating under reflux for 10 hours with 15 times its weight of 50% sulphuric 
acid, and the acid isolated by ether extraction after saturation with ammonium sulphate; the 
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yield of crude product, m. p. 97—97-5°, was 85%. Recrystallisation from chloroform gave 
m. p. 97-5—98°. 

tAdipic acid. A commercial sample was recrystallised from acetone; m. p. 151—152°. 

+*Pimelic acid. From ae-dibromopentane (Vogel, J., 1929, 728); m. p. 105—106°. 

tSuberic acid. Ethyl adipate, b. p. 138°/19 mm., was reduced with sodium and absolute 
alcohol to hexamethylene glycol, b. p. 144—146°/15 mm., the latter converted successively 
into the dibromide, b. p. 134—136°/20 mm., the dinitrile (by aqueous-alcoholic potassium 
cyanide), b. p. 178—180°/15 mm., and suberic acid (by 50% sulphuric acid). Recrystallised 
from acetone, it had m. p. 141—142°. . 

t*Azelaic acid. Prepared by the oxidation of ricinoleic acid with potassium permanganate 
by Maquenne’s method (Bull. Soc. chim., 1899, 21, 1061). The crude product was recrystallised 
three times from benzene—light petroleum (b. p. 40—60°), and the resultant acid, m. p. 98— 
100°, was converted into the methy] ester, b. p. 154—155°/18 mm., which was hydrolysed with 
excess of ethyl-alcoholic potassium hydroxide, and the acid recrystallised successively from 
A.R. formic acid (d 1-2), and benzene-light petroleum. It then had m. p. 106—107°. 

tSebacic acid. Boots’s pure acid was recrystallised from acetone, m. p. 132—133°. 

*Methylmalonic acid, m. p. 132° (decomp.), and *ethylmalonic acid, m. p. 115° (decomp.), 
gave satisfactory analyses by combustion. 

tn-Propylmalonic acid. Ethyl malonate was converted into ethyl »-propylmalonate, b. p. 
220—222°/758 mm., and the latter hydrolysed with excess of ethyl-alcoholic potassium hydroxide 
for 6 hours. The acid was recrystallised from benzene, m. p. 95—96° (decomp.). 

*Dimethylmalonic acid, m. p. 193-5° (decomp.), *methylethylmalonic acid, m. p. 121°, 
*diethylmalonic acid, m. p. 127°, *ethyl-n-propylmalonic acid, m. p. 116°, and *di-n-propyl- 
malonic acid, m. p. 161° (decomp.). 

Methyi-n-propylmalonic acid (with R. J. Tupor, M.Sc.). Ethyl methylmalonate was 
converted by sodium ethoxide and u-propyl iodide into ethyl methyl-n-propylmalonate, b. p. 
220—223°. Solutions of the ester (37 g.) in rectified spirit (74 g.) and potassium hydroxide 
(38 g.) in water (76 g.) were mixed, and the mixture refluxed for 48 hours, the product neutralised 
with concentrated hydrochloric acid (litmus) and a saturated solution of calcium chloride 
(20 g.) added; the calcium salt of the acid was precipitated. The filtrate was extracted re- 
peatedly with ether, the calcium salt suspended in the ethereal extract, and concentrated 
hydrochloric acid added slowly until the solid was decomposed. The acid, m. p. 95—96° 
(25-5 g.; 93% yield), from the dried ethereal extract was recrystallised from benzene-—light 
petroleum (b. p. 60—80°) and then from dry benzene. It had m. p. 96°, unaffected by further 
recrystallisation. Stiassny (Monatsh., 1891, 12, 593) gives m. p. 106—107°. 

tcycloPropane-1 : 1-dicarboxylic acid. An equimolecular mixture of redistilled ethylene 
dibromide and ethyl malonate was added to sodium ethoxide solution (from absolute alcohol 
distilled over calcium), the whole stirred and refluxed for 5 hours, and the alcohol distilled off. 
Water was then added, the precipitated oil isolated by ether extraction, dried, and distilled 
three times under ordinary pressure, the fraction, b. p. 216—220°/764 mm., being collected 
(32% yield). This was hydrolysed by refluxing for 24 hours with excess of aqueous-alcoholic 
potassium hydroxide; the alcohol was removed, the residue extracted with ether, the extract 
acidified with dilute sulphuric acid, and the acid isolated by ether extraction. On re- 
crystallisation from benzene-ether-light petroleum (b. p. 60—80°), it melted at 135—136°, 
softening at 120°, the softening occurring at 127° after two triturations with boiling benzene. 
The acid was then esterified by refluxing for 7 hours with a mixture of dry methyl alcohol, 
benzene, and concentrated sulphuric acid, and the ester, b. p. 196—198°/757 mm., hydrolysed 
as above to an acid, which, after one crystallisation from benzene-ether-light petroleum (b. p. 
60—80°), had m. p. 136—137°. 

teycloBuiane-1 : 1-dicarboxylic acid. «y-Dibromopropane was condensed with ethyl sodio- 
malonate and the product worked up as described under the cyclopropane acid. A fraction, 
b. p. 110—115°/17 mm., after two distillations, was obtained in 38% yield; this was hydrolysed 
with 4 mols. of aqueous-alcoholic potassium hydroxide for 18 hours, and the acid crystallised 
once from benzene-ether-light petroleum (b. p. 60—80°) and twice from benzene-ether to 
remove the last traces of any malonic acid; m. p. 157°. 

t*cycloPentane-1 : 1-dicarboxylic acid. Tetramethylene glycol, b. p. 127—129°/12 mm., 
was obtained in 70% yield by the reduction of ethyl succinate with sodium and absolute alcohol 
(compare Bennett and Mosses, J., 1931, 1697: the quantities of sodium and alcohol recommended 
by these authors for 0-1 mol. of ester can be employed for 0-4 mol. without appreciably affecting 
the yield), and then converted in the dibromide, b. p. 82—84°/12 mm., in 72% yield by refluxing 
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with excess of constant b. p. hydrobromic acid containing 40% sulphuric acid [compare Kamm 
and Marvel, J. Amer. Chem. Soc., 1920, 42, 307; the use of a greater proportion of sulphuric 
acid (Goldsworthy, J., 1931, 482) leads to charring and reduction of yield to 48%] and isolation 
by extraction with light petroleum (b. p. 40—60°) in which the glycol is insoluble. The di- 
bromide was condensed with ethyl sodiomalonate as described above, and the fraction, b. p. 
115—125°/20 mm. (largely 120°/20 mm.), isolated in 55% yield. This was hydrolysed with 
aqueous-alcoholic potassium hydroxide, and the acid crystallised twice from benzene—ether- 
light petroleum (b. p. 40—60°), and once from benzene-ether; m. p. 187°. 

t*cycloHexane-1 : 1-dicarboxylic acid. From ae-dibromopentane and ethyl sodiomalonate ; 
m. p. 178° (decomp.). 

Preparation of Esters.—These were prepared by refluxing the acid with a mixture of the pure 
dry alcohol, pure sodium-dried benzene, and concentrated sulphuric acid for several hours (com- 
pare Vogel, J., 1928, 2021); thrice the volume of water was added, and the benzene layer con- 
taining most of the ester separated. The aqueous solution was saturated with sodium chloride 
and extracted twice with ether, and the ethereal extract combined with the benzene solution, 
After drying (sodium sulphate) and removal of solvents, the ester was usually distilled under 
diminished pressure. For the determination of the physical properties, the pure esters were 
redistilled and a middle fraction collected. The yields were satisfactory except for methyl 
malonate and methylmalonate, which are being investigated further. For the highly substituted 
esters somewhat longer refluxing was necessary to ensure a good yield. The methyl alcohol 
was a synthetic product, containing less than 0-1% of acetone, and was dried over lime, and 
the large middle fraction employed. Ethyl alcohol was Burroughs’s absolute ethyl alcohol. 

It was soon noticed that the pure esters changed slightly, as indicated by the refractive 
index, when preserved in vessels of ordinary glass. All operations were therefore conducted 
in Pyrex vessels, in which the specimens remained unchanged. 


Methyl malonate. M = 132-06; b. p. 180°/770 mm.; mg, 1-41172, mp 1-41376, np 1-41880, 
Mg 1-42318. Densities determined: d2” 1-1527, d®* 1-1066, d{f* 1-0774. 


Yeor = 37°31 (0°125). App. B. 


t. .  B.  c)  ae t. £8 . « 
151° 1327 13-03 11-1576 37-92 283°1 854° 11-13 10°89 11-0784 29°53 2822 
626 11-73 11:49 11074 31-99 283-6 Mean 283-0 


Methyl succinate. M = 146-08; b. p. 194°/754 mm.; mM 1-41757, np 1-41965, ny 1-42468, 
Ng, 1-42888. Densities determined: d2° 1-1192, d=” 1-0757, d= 1-0548. 
Yeo = 35°61 (0119). App. B. 
22°9 13°16 12°92 1°:1163 36°26 321°1 85:0 11:14 10°90 1:0548 28°91 321°1 
63°5 11°86 11°62 1:0754 31°42 321°6 Mean 321°3 


Methyl glutavaie. M = 160-10; b. p. 109°/21 mm.; mq 1-42208, mp 1-42415, ny 1-42925, 
Mg 1-43362. Densities determined: d3 1-0874, n=* 1-0450, d=” 1-0239. 


Yeo" = 36°23 (0°120). App. A. 
227 1809 17°85 1:0847 35°91 361°3 85°0 15°28 15°04 1:0245 28°58 361°3 
62°7 1629 1605 1:0456 31:12 361-7 Mean 361-4 


Methyl adipate. M = 174-11; b. p. 122°/20 mm.; mg 1-42600, mp 1-42815, ny 1-43330, 
Mg 1-43763. Densities determined: ds" 1-0625, d=“ 1-0208, d=” 0-9966. 
Yoor = 35°66 (0-112). App. B. 
23-0 13°50 13°26 1:0595 35°32 400°6 85°0 11°55 11°31 0°9966 28°34 403-1 
62°5 12°26 12°02 1:0217 30°88 401°7 Mean 401°8 
Methyl pimelate. M = 188-13; b. p. 128°/16 mm.; mo 1-42853, mp 1-43065, ny 1-43588, 
Ng 1-43967. Densities determined: d}" 1-0383, d?* 1-0012, d?* 0-9817. 
Yeor = 35°58 (0°104). App. B. 
17°6 13°94 13°70 1:0406 35°84 442-4 85-1 11°93 11°69 0°9822 28°87 444:0 
62°4 12°58 12°34 10016 31°08 443°5 Mean 443°3 
Methyl subevate. M = 202-14; b. p. 148°/20 mm.; mg 1-43105, np 1-43326, ny 1-43864, 
Mq 1-44308. Densities determined: d%° 1-0198, d=” 0-9839, d=* 0-9606. 


Yeor = 35°43 (0107). App. A. 
17-4° 1908 18°84 10221 35°71 483-5 85°6 1617 15°93 0°9606 28:38 485-7 
64:4 17:06 16°82 0°9828 30°66 484-0 Mean 484°4 
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Methyl azelate. M = 216-16; b. p. 156°/20 mm.; my 1-43386, nm, 1-43607, my 1-44134, 
Nw 1:44588. Densities determined : d;” 1-0069, d=“ 0-9680, d$** 0-9490. 


Yeo’ = 35°35 (0°109). App. A. 


4 
I 


t. h =H. dtl, ee t ho #H. ad. ». P. 
15°6° 19°35 19-11 1°0109 35°83 523°1 87°6° 16°28 16°04 0°9478 28°19 525°5 
' 63°1 17°30 17°06 0°9683 30°63 525-2 Mean 524°6 
' Ethyl malonate. M = 160-10; b. p. 197°/759 mm.; mg 1-41179, mp 1-41386, ny 1-41897, 
|} mq 1-42313. Densities determined: d%” 1-0550, d%?* 1-0104, d=" 0-9878. 
j Yoo? = 31°84 (0°105). App. B. 
: 17:0 12°33 12°09 1:0580 32°16 360-1 85°3 10°33. 10°09 0°9878 25°06 362°4 
H 62°2 11°01 10°77 1:0104 27°36 362°1 Mean 361°5 


‘ Ethyl succinate. M = 174-11; b. p. 108°/17 mm.; mg 1-41763, mp 1-41975, mp 1-42484, 
; Mg 1:42912. Densities determined: d%” 1-0398, d& 0-9948, d%* 0-9683. 
; Yoo: = 31°75 (0104). App. A. 
19°3 16°73 16°49 1:°0405 31°82 397°4 85:3 14:19 13°95 0°9696 25°08 401°9 
63°4 14:97 14°73 0°9948 27:18 399°6 Mean 400°0 


Ethyl glutarate. M = 188-13; b. p. 118°/15 mm.; mg 1-42188, np 1-42395, ny 1-42916, 
Nq 1-43331. Densities determined : d2” 1-0229, d=” 0-9833, di?” 0-9610. 
Yeo" = 32°34 (0-102). App. B. 
17°5 12°88 12°64 1:0252 32°59 438-4 86°0 10°87 10°63 0°9610 25°68 440°7 
63°1 11°53 11:29 0°9838 27°93 439°6 Mean 439°6 


Ethyl adipate. M = 202-14; b. p. 132°/15 mm.; mg 1-42548, np 1-42765, my 1-43284, 
Nq 1-43711. Densities determined : d%° 1-0090, di?“ 0-9663, a3!” 0-9485. 
Yeo = 32°58 (0-100). App. C. 
17°0 17°89 17°65 0°9956 32°93 5201 85-8 15:04 14:80 0°9360 25-94 6521-2 
63-2 15-91 15°67 0-9562 28-06 520-3 Mean 6520°5 


Ethyl pimelaie. M = 216-16; b.p. 149°/18 mm.; mg 1-42770, mp 1:42985, my 1-43494, 
Nq 1-43929. Densities determined : d%!" 0-9929, d%!* 0-9553, d= 0-9365. 
Yoo" = 32°63 (0-101). App. C. 


170 17:89 17-65 0-9956 32:93 520-1 85-8 15°04 1480 0-9360 25°94 521-2 
63-2 15-91 15°67 0-9562 28:06 520-3 Mean 520°5 


Ethyl suberate. M = 230-18; b. p. 164°/22 mm.; mg 1-43013, np 1-43236, ny 1-43762, 
Nq 1-44178. Densities determined : d%” 0-9807, d%?” 0-9460, d$*" 0-9269. 
Yeor = 32°79 (0°102). App. B. 
21°3 13°50 13°26 0°9797 32°66 501°7 86°3 11°57 11°33 0°9267 26°40 563°0 
63°6 12°32 12°08 0°9453 28°71 563°6 Mean 562°8 


Ethyl sebacate. M = 258-21; b. p. 183°/20 mm.; mp 1-43445, np 1-43657, ny 1-44194, 
Mq 1-44621. Densities determined: d%° 0-9631, d%?* 0-9298, d” 0-9124. 
; Yeo = 33°17 (0-097). App. B. 
20:0 13°94 13°70 0°9631 33°17 643°4 85°55 11:97 11°73 0°9129 26°92 6443 
62°4 12°62 12°38 0°9305 28°96 643-7 Mean 643°8 


Methyl methylmalonate. M = 146-08; b. p. 176—177°/735 mm.; mg 1-41226, mp 1-41436, 
My 1-41930, ng 1-42360; [R,]o 33-21, [Rz]p 33-36, [R,]¢ 33-70, [Rz]q 34-01. Densities deter- 
mined : d%° 1-0952, d%!* 1-0473, d%"" 1-0237. 

Yoo = 32°81 (0°120). App. B. 
19°0 12°55 12°31 1:0693 33°93 321°6 86°6 1034 10°10 1:°0232 25°98 322-1 
64°3 11°03 10°79 1:0473 28°41 322-0 Mean 321-9 


Methyl ethylmalonate. M = 160-10; b. p. 189°/760 mm.; mg 1-41632, np 1-41845, np 
1-42356, mg, 1-42776; [Rz]o 37-80, [Rz]p 37-97, [Rz]y 38-38, [Rz]q 38-71. Densities determined : 
a 1-0637, d8?* 1-0227, di“ 0-9973. 

Yoor = 32°72 (0111). App. B. 
195 12°49 12°25 1:0642 32°78 360°0 87°0 10°38 10°14 09963 25°40 360°8 
64:0 11°05 10°81 1:°0215 27°76 359°8 Mean 360°2 
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Methyl n-propylmalonate. M = 174-11; b. p. 203°/756 mm.; mg 1-41930, mp 1-42155, 
Ny 1-42658, ng 1-43203; [RzJo 42°31, [R,]p 42-52, [R,)p 42-96, [R,])q 43-43. Densities deter- 
mined : dj" 1-0398, d%?*" 0-9984, d%?" 0-9756. 

Yoo" = 31°62 (0°103). App. B. 
22-1 8 12:27 12:03 1:0379 31°39 397°1 86:1 10°34 10°10 0°9751 2476 398°3 
62°3 11°09 10°85 0°9987 27:24 398°3 Mean 397°9 

Methyl dimethylmalonate. M = 160-10; b. p. 78-5°/20 mm.; mg 1-41292, mp 1-41505, 
My 1-42001, mg 1-42421; [RzJo 37-57, [Rz]p 37-73, [RzJp 38-14, [Rz]q 38-47. Densities deter- 
mined: di 1-0624, d=* 1-0200, d* 0-9928. 

Yoo = 31°05 (0-111). App. A. 
24°7 15°80 15°56 1°0577 30°52 355°8 85°38 13°12 12°88 0°9928 23°71 355°9 
63-2 14:12 13°88 1°0186 26:22 355-7 Mean 355°8 


Methyl methylethylmalonate. M = 174-11; b. p. 90°/21 mm.; mg 1-41956, mp 1-42175, 
My 1-42663, ng 143096; [Rz]o 41-94, [Rz]p 42-13, [R,]p 42°55, [Rz]q 42-94. Densities deter- 
mined: dz” 1-0497, d?® 1-0040, d%* 0-9835. 

Yeor = 30°84 (0°110). App. B. 
23°5 11°82 11°58 1:0459 30°45 391°1 85°6 9°87 9°63 0°9831 23°80 391°2 
62°0 10°57 10°33 «=—-1:0046 )§=6.26°09 39 3391°7 Mean 391°3 


Methyl diethylmalonate. M = 188-13; b. p. 97°/17 mm.; mg 1-42551, mp 1-42765, ny 
1-43269, mg 1-43705; [R,]o 46-30, [Rz]p 46-51, [Rz]p 46-98, [Rz]q 47-40. Densities deter- 
mined: d* 1-0400, d* 0-9951, di" 0-9694. 

Yooe = 31°07 (0110). App. A. 
21°9 16°27 16°03 1:0380 30°86 427°] 85:5 13°57 13°33 0°9694 23:97 429°2 
62-0 14°54 1430 0°9949 26°38  428°5 Mean 428°3 

Methyl methyl-n-propyimalonate. M = 188-13; b. p. 101°/20mm.; mg 1-42229, mp 1:42445, 
My 1-42969, ng 143375; [Rz]o 46°67, [R,]p 46-88, [Rz]p 47-38, [Rz]q 47-78. Densities deter- 
mined: dj 1-0250, d;?* 0-9870, d? 0-9640. 

Yoor = 30°49 (0°100). App. B. 
26°0 11°92 11°66 1:0196 29°89 431°4 88'2 10°00 9°76 0°9625 23°62 430°9 
640 10°76 10°52 0°9861 26°08 431-2 Mean 431°2 


Methyl ethyl-n-propylmalonate. M = 202-14; b. p. 107°/17 mm.; mg 1-42782, mp 1-43005, 
Ny 1-43517, ng 1-43898; [Rz]o 51-20, [Rz]p 51-44, [Rz]y 51-97, [Rz]q 52°36. Densities deter- 
mined: di" 1-0154, d*?*" 0-9756, d?° 0-9510. 
Yoo = 30°53 (0°102). App. B. 
17-0 12°29 12°05 1°0181 30°84 468°0 85°0 10°24 10°00 0°9510 23°91 470-0 
62°4 10°90 10°66 0°9760 26:16 46873 Mean 468°8 


Methyl di-n-propylmalonate. M = 216-16; b. p. 120-5°/20 mm.; mg 1-42972, np 1-43196, 
My 1-43712, ng 144155; [Rz]o 55°81, [Rz]p 56-07, [R,]p 56-65, [R,]q 57-16. Densities deter- 
mined : di" 0-9999, d=” 0-9630, d?° 0-9388. 
Yao" = 20°28 (0-085). App. B. 
21-0 11°86 11°62 0°9990 29°19 502°9 85°5 10°17 9°93 0°9383 23°43 506°8 
63°2 10°87 10°63 0°9630 25°74 505°6 Mean 505'l 
Methyl cyclopropane-1 : 1-dicarboxylate. M = 158-08; b. p. 95°/20 mm.; me 1-43833, 
Mp 1-44070, mp 1-44647, mg, 145126; [Rz]o 36-21, [Rz]p 36-39, [R,J]p 36-80, [R,]q 37-06. Den- 
sities determined : d*" 1-1466, d?™ 1-1028, d?" 1-0771. 
Yoo" = 36°42 (0°118). App. A. 
23°3 17°24 17:00 1°1430 36°03 338°9 85°9. 1458 1434 1:0774 28°65 339°5 
62-1 15°60 15°36 1:1028 31°41 339°4 Mean 339°3 


Methyl cyclobutane-1 : 1-dicarboxylate. M = 172-10; b. p. 102°/21 mm.; mg, 1-43881, 
My 1-44110, my 1-44661, mg 1-45217; [Rz]o 40-41, [Rz]p 40-59, [R,]p 41-03; [RzJq 41-41. Den- 
sities determined : d20" 1-1198, d%?* 1-0780, d{?*" 1-0509. 

Yoor = 35°31 (0117). App. B. 
20°0 12°78 12°54 1°1198 35°31 374°6 851 10°68 10°44 1:0516 27°60 375:1 
62°5 11-44 11°20 1:°0780 30°36 374°8 Mean 374°8 
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Methyl cyclopentane-1 : 1-dicarboxylaie. M = 186-11; b. p. 113°/21 mm.; mg 1-44519, 
Mp 1-44742, ny 1-45287, nq 1-45740; [R,]o 44°63, [Rz]p 44°82, [Rz]p 45°29, [Rz]q 45-68. 
Densities determined : d%° 1-1104, d° 1-0738, d%¥*" 1-0428. 

Yoo = 35°20 (0°114). App. A. 

20°4 17°30 17:06 I:1111 35°15 408-2 85°38 1460 14°36 1:0432 27°78 409°6 

62-2 15°55 15°31 1:0738 30°49 407°3 Mean 408°0 

Methyl cyclohexane-1 : 1-dicarboxylate. M = 200-13; b. p. 126-5°/20 mm.; mg 1-45297, 
Mp 1:45522, my 1-46081, mg 1-46531; [Rz]o 48-96, [Rz]p 49-16, [Rz]y 49°69, [Rz]q 50-10. 
Densities determined : d%” 1-1046, d®!* 1-0654, d%?* 1-0463. 

Yoo? = 35°53 (0°109). App. A. 
17°58 17°34 1:1046 35°53 442-2 859 14:97 14°73 1:0455 28°56 442°5 
15°81 15°57 1:0667 30°80 442°0 Mean 442-2 
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and to the Dixon Fund Committee of the University of London and Imperial Chemical Industries 


for grants. 
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84. Conditions for the Production of Fog in the Neutralisation of a 
Volatile Acid or Alkali. 


By Cyrit N. JACKSON and JAMEs C. PHILIP. 


THE work described in two earlier papers (J., 1927, 966; 1930, 1103) has shown that 
when an air stream carrying hydrogen chloride is bubbled through a sodium hydroxide 
solution (the alkali being in excess of the amount required for neutralisation) a fog is very 
commonly formed above the solution. The fog so produced consists of minute droplets 
with a strongly acid reaction, and its formation is conditional on the presence of traces of 
volatile alkali (ammonia) in the sodium hydroxide solution. The concentration of volatile 
alkali required to give the effect is extremely small: unless stringent precautions are used 
to exclude traces of ammonia from the water used in preparing the alkali solution, the 
formation of fog under the conditions stated will be observed. Such formation of fog 
appears, indeed, to be as delicate a test for ammonia as Nessler’s reagent. 

The liquid fog droplets, as already stated, have a strongly acid reaction and contain 
as much as 6—7% HCl by weight; under the bubbling conditions adopted, quite an 
appreciable fraction, 5—10%, of the hydrogen chloride in the air stream may escape absorp- 
tion by the sodium hydroxide solution, if the latter contains a small quantity of ammonia. 
The fog droplets contain also ammonium chloride, and the work described in this com- 
munication was concerned in the first place with the extent of transference of the ammonia 
from the alkaline liquid to the fog droplets. An attempt was further made to elucidate 
the mechanism of fog formation by experiments in which the vapour pressure of the 
alkaline liquid in the fog chamber was varied within wide limits. 

Formation of fog is observed also when a stream of air carrying ammonia is bubbled 
through a strongly acid solution, containing sufficient hydrochloric acid to give a small 
partial pressure of the latter compound. The conditions under which fog formation 
occurs in this case have been explored, and it is found that the fog droplets again contain 
ammonium chloride and hydrochloric acid, the amount of the latter being far greater 
than is obtained when the same volume of ammonia-free air is passed through the acid 
solution. The quantity of ammonium chloride in the fog droplets is considerable and as 
much as 9% of the total ammonia passed during a standard run may escape absorption 
by the acid solution. 

EXPERIMENTAL. 

(a) Experiments in which Air—Hydrogen Chloride Mixtures were passed through Sodium 

Hydroxide Solutions.—The apparatus and procedure used were in all essentials the same as 


AA 
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those already described (/occ. cit.) and only one or two minor modifications need be mentioned. 
The air passed in a standard run was kept under control by forcing it in at a constant pressure 
and allowing it to leave at another constant pressure, care being taken to maintain the resistance 
of the apparatus train as steady as possible. 

The jet through which the air stream bubbled into the alkaline liquid had an internal diameter 
of about 1 mm., and was usually 5—6 cm. below the surface. Some trouble was experienced 
with creeping back in the jet, an occurrence which seriously affected the reproducibility of the 
results. When, however, the apparatus is perfectly air-tight, and when the tube leading to 
the jet is absolutely free from soluble gas before the fog chamber is attached, this source of 
trouble is eliminated. 

The earlier work had demonstrated the significance of small quantities of ammonia for the 
formation of fog when an air—hydrogen chloride stream is bubbled through sodium hydroxide 
solution; accordingly, in the further study of this phenomenon only ammonia-free water was 
used in preparing the solutions. The fog chamber was charged with ammonia-free sodium 
hydroxide solution, to which were added, as required, known amounts of a standard ammonium 
chloride solution. Special procedure was adopted for the preparation, dilution, and mixing 
of the solutions so that the risk of contamination with ammonia should be reduced to a minimum. 

The U-tubes for collecting the fog produced in a standard run contained Gooch-crucible 
asbestos and calcium chloride, so that the increase of weight recorded covers both the fog 
droplets and the water vapour carried by the air stream. The standard run consisted in the 
passage of 3} litres of air (a) through concentrated hydrochloric acid, (b) through the sodium 
hydroxide solution in the fog chamber—both at 25°—and then (c) through the U-tube. The 
duration of the run was about 8 minutes, and the weight of hydrogen chloride passed during 
this time under the conditions stated was about 250 mg., equivalent to 69 c.c. of N/10-acid. 
The fog chamber was charged with 80 c.c. of sodium hydroxide solution, and as the latter was 
never weaker than N/10, it is clear that the alkali was always in excess of the amount required 
for neutralisation. It should be further stated that the air stream was filtered through cotton- 
wool before entering the hydrochloric acid-saturator, and that between the saturator and the 
fog chamber the air stream passed through a sulphuric acid bubbler and then through an empty 
glass spiral, both immersed in the constant-temperature bath. 

With the elimination of ammonia from the stock sodium hydroxide solutions, it became 
possible, by the addition of small known quantities of ammonium chloride, to determine exactly 
the significance of ammonia for the fog production and for the acidity of the fog droplets. The 
mean results of experiments on these lines, carried out with N /10-sodium hydroxide as absorbent, 
are set out in Table I. 


TABLE I. 


NH, in 80 c.c. NH, in 80 c.c. 


NaOH, mg. Fog + water Found in the NaOH, mg. Fog + water Found in the 
After vapour fog, mg. After vapour fog, mg. 
Initi- standard collected, HCl NH; (as Initi- standard collected, HCl NH, (as 
ally. run. mg. (free). NH,Cl). ally. run. mg. (free). NH,Cl). 


0 0 94 0 0-4 0°13 293 13°8 0°27 
0008 0°0064 135 i 0-0017 0's 0°19 325 16°3 0°62 
0°04 0°024 195 ’ 0-016 1-2 0°29 338 17°7 0-90 
0°08 0°04 221 *f 0°04 40 0°72 396 18°6 3°2 
0°24 0°10 270 1l- 0°14 


The increase in the weight of the U-tube recorded in the first line of the foregoing table, 
viz., 94 mg., is due to the water vapour carried by the air stream and corresponds closely with 
what is to be expected under the conditions of the standard run. The loss of ammonia in the 
sodium hydroxide solution is, of course, due to its removal in the fog, and Nesslerisation both 
of the sodium hydroxide solution after the run and of the contents of the U-tube showed that 
the difference of the figures in the first two columns of Table I was exactly accounted for by 
the amount found in the fog. 

The results set out in Table I are typical of many others obtained with different concen- 
trations of sodium hydroxide, which need not be recorded in detail. The general character, 
however, of the variation in the amount of fog with the strength of the sodium hydroxide and 
with the amount of ammonia present, is important, and is shown by Fig. 1, which covers the 
results obtained with N/10-, N /2-, and 2N-sodium hydroxide. 

The curves, the relative position of which should be particularly noted, show clearly the 
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rapid rise in the amount of fog with small additions of ammonia, while the later additions 


have a relatively small effect. 
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The very significant fact (cf. J., 1930, 1105) that for a given initial amount of ammonia 
the fog production reaches a maximum in a certain concentration of sodium hydroxide is em- 
phasised by Fig. 2; the subsequent notable diminution with increasing sodium hydroxide con- 


centration is undoubtedly connected with 
the vapour pressure conditions. This 
point is elaborated on p. 345. 

(b) Experiments in which Air—Ammonia 
Mixtures were passed through Acid Solu- 
tions.—The apparatus and experimental 
procedure used in this part of the work 
were similar to those already described. 

When an air stream carrying volatile 
alkali is bubbled through a solution of 
sulphuric or phosphoric acid containing 
volatile acid (hydrogen chloride), extensive 
formation of fog is observed, under the 
conditions set out below. The fog droplets, 
collected as before in a U-tube charged 
with Gooch asbestos and calcium chloride, 
contain ammonium chloride (although the 
liquid in the bubbler remains acid) and 
free hydrochloric acid. 

The undried air-ammonia stream em- 
ployed in most cases was obtained by 
forcing air through a 2-07N-solution of 
ammonia. The partial pressure of am- 
monia over this solution at 25° is 
approximately the same—ca. 30 mm.— 
as that of hydrogen chloride in the air— 
acid stream used in the earlier experiments. 
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The quantity of ammonia passed into the fog chamber during a standard run was about 90 mg., 
and the amount of acid in the fog chamber was in every case in excess of that required for 


the neutralisation of the ammonia. 
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Under the conditions adopted, the absorption of ammonia was found to be complete when 
the fog chamber contained only sulphuric or phosphoric acid, also when hydrochloric acid was 
present up to 4.5%. At this point, however, visible fog began to be formed, which increased 
in amount as the hydrogen chloride concentration in the fog chamber was raised to 15%, the 
highest concentration employed. The hydrogen chloride partial pressure even over this solu- 
tion is extremely low, and it is important to note that in a standard run with a stream of pure 
air, instead of an air-ammonia stream, the quantity of hydrogen chloride removed from a 
15% solution in the fog chamber was too small to be detected. 

Numerous quantitative runs were carried out with hydrochloric acid (a) mixed with sulphuric 
acid, (b) mixed with phosphoric acid, or (c) alone, in the fog chamber. The character of the 
results obtained will be sufficiently indicated by quoting one case in detail and setting out others 
graphically. Table II records the results of a series of measurements in which the contents 
of the fog chamber were throughout N as regards phosphoric acid. The acidity of the fogs 
was determined by titration with N/500-sodium hydroxide (methyl-red as indicator), and the 
chloride content by titration with N/100-silver nitrate. 
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TABLE II. 

HCl, %, Fog + water HCl, %, Fog + water 

in H,PO, vapour HClin NH,Clin in H,PO, vapour HClin NH,Cl in 

solution. (in mg.). fog, mg. fog, mg. solution. (in mg.). fog, mg. fog, mg. 

0 86 —_ 12 165 6°7 15°4 
8 102 1 4 13 184 9°8 18°2 
10 131 3°2 8: 14 209 12-9 21:0 
ll 147 4° ll: 15 217 15°5 25°8 

In Fig. 3 the weight of fog + water vapour is plotted against the percentage of hydrogen 
chloride in the liquid of the fog chamber, with and without sulphuric acid. Curves generally 
similar to the right-hand half of those in Fig. 3 are obtained when the weight of hydrogen 
chloride or that of ammonium chloride in the fog droplets is plotted against the percentage of 
hydrogen chloride in the liquid of the fog chamber. It should be noted that under the con- 
ditions specified an appreciable proportion—up to 8 or 9%—of the ammonia passed into the 
acid may escape absorption. 

As stated above, when the partial pressure of ammonia in the air-ammonia stream is 30 mm., 
no visible fog is formed unless the concentration of hydrogen chloride in the liquid of the fog 
chamber is at least 4.5%. If the partial pressure of the ammonia in the air stream is reduced, 
then the minimum concentration of hydrogen chloride necessary for visible fog formation 
rises. On the other hand, an air stream rich in ammonia will yield a fog even with a dilute 
hydrochloric acid solution. Similar observations are made when conditions are reversed and 
air—hydrogen chloride streams of varying hydrogen chloride content are passed into caustic soda 
solutions containing ammonia. It seems as if the product of the partial pressures of ammonia 
and hydrogen chloride in the gas bubbles must reach a certain minimum value for fog formation 
to occur. 
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(c) Effects of varying the Water-vapour Pressure of the Liquid in the Fog Chamber.—On p. 343, 
attention was directed to the fact that when an air—hydrogen chloride stream is passed through 
caustic soda solutions of different concentrations, but with the same ammonia content, the 
amount of fog increases up to a point with increasing alkali concentration but subsequently 
falls off (see Fig. 2). This is paralleled by the effects observed when an air-ammonia stream 
is passed through sulphuric or phosphoric acid solutions of varying strengths but with constant 
hydrogen chloride content. More striking still are the results obtained when the air-ammonia 
stream is passed through salt solutions of various concentrations, but of constant hydrogen 
chloride content. These results are illustrated by the figures in Table III, obtained with 
calcium chloride as the salt and 12% hydrogen chloride concentration throughout. 


TABLE III. 


Weight of fog + Found in the fog. Weight of fog + Found in the fog. 
CaCl,, water vapour HCl, NH,Cl, CaCl,, water vapour HCl, NH,Cl, 
g.-equiv. /I. (in mg.). : mg. g.-equiv. /I1. (in mg.). mg. mg. 
145 3° 11-4 2-0 201 13°5 25°8 
163 ‘ 13°9 2°5 181 13°3 31°5 
184 9° 177 3°0 124 9-2 38°0 
209 ; 22°0 


It is evident that the quantity of fog obtained in the standard run passes through a maximum 
value as the calcium chloride concentration is progressively increased, and a similar result 
has been obtained with sodium chloride in place of the calcium chloride. 

It further appears from the figures in cols. 3 and 4 of Table III that while the ammonia 
content of the fog rises steadily with increasing calcium chloride concentration the hydrogen 
chloride content reaches a maximum and definitely falls off in the strongest calcium chloride 
solutions. The reality of this difference in regard to the constituents of the fog is confirmed 
by a series of experiments with an air—hydrogen chloride stream passed into solutions which 
were all N as regards sodium hydroxide and 0-001% as regards ammonia, but contained vary- 
ing proportions of sodium chloride. Determinations of the weight of the fogs and their com- 
position gave the results set out in Table IV. 


TABLE IV. 


NaCl, g.-equiv. /l. 1-0 2-0 3-0 4:0 5-0 


Wt. of fog + water vapour (mg.) 457 389 310 217 140 
" f HCl (free), mg { 37:0 33°4 28°4 18°9 12-0 
Found in fog \ NH, (as NH,Cl), mg. ...... 6 0°64 0°65 0°65 0°66 0°66 
3 4 & 


It is plain that as the fog obtained in a standard run gets thinner, its acidity markedly 
decreases, whereas the amount of ammonia carried over (as ammonium chloride) increases 
slightly. The figures, indeed, suggest that the amount of hydrogen chloride carried over 
depends on the water content of the fog droplets, and that if it were possible to reduce the water- 
vapour pressure of the liquid in the fog chamber much further, nuclei of ammonium chloride 
would still be produced, but dry and neutral. 

A thoroughly dried air—hydrogen chloride stream was accordingly passed through a gas- 
washing bottle charged with 50% sodium hydroxide, containing 0-001% of ammonia, then 
through two bubblers with concentrated sulphuric acid, and then into the air. Fog was not 
visible above the sodium hydroxide solution, but appeared at the point of issue of the gas 
stream into the air, and could be intensified by bubbling through water. Examination of this 
fog showed that it carried no free acid. 

A parallel experiment, in which an air-ammonia stream, dried by passage over barium 
oxide, was bubbled through a saturated solution of zinc chloride in N-sulphuric acid, containing 
4%, of hydrogen chloride, gave a similar result. Fog was not visible over the acid solution, 
but appeared at the point of issue into the air. 

(d) Experiments in which Air—Sulphur Dioxide Mixtures were passed through Sodium 
Hydroxide Solutions.—Air was forced through a freshly prepared sulphurous acid solution of 
such concentration (0-15N) that the partial pressure of sulphur dioxide in the stream was com- 
parable with that of the hydrogen chloride or the ammonia in the earlier experiments. Under 
certain conditions this stream, when passed through a sodium hydroxide solution containing 
ammonia, gave rise to a fog, the droplets of which contained ammonium sulphite and free 
ammonia. In the main series of experiments, in which the sodium hydroxide solution in the 
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fog chamber was 5N, and provision was made for determining both the sulphur dioxide and the 
ammonia in the fog, it was found that the minimum concentration of ammonia in the sodium 
hydroxide solution required for the production of visible fog was about 0-25N. With less 
ammonia the absorption of the sulphur dioxide was complete, but, on the other hand, when 
the ammonia concentration was 1-5N, a copious fog, carrying away as much as 12% of the 


sulphur dioxide, was formed. 
These fogs are less stable and persistent than those which originate in the formation of 
ammonium chloride nuclei, described in the previous sections. 


DISCUSSION. 


On the basis of the earlier work (J., 1930, 1103) in which an air—hydrogen chloride 
stream was bubbled through alkaline solutions containing a trace of ammonia, the view 
was expressed that the formation of ammonium chloride particles within the gas bubbles 
is the first stage in the production of the fog. Such ammonium chloride particles act as 
condensation nuclei, and droplets of solution, in which the hydrogen chloride dissolves, 
are formed. The extent to which water condenses on these nuclei would obviously depend 
on the water-vapour pressure of the medium surrounding the bubble. 

The measurements and observations recorded in the present communication, covering 
experiments not only with air—-hydrogen chloride streams, but also with air—-ammonia 
streams bubbled through media containing hydrogen chloride, give definite support to 
the views previously expressed. In particular, the variation of the water-vapour pressure 
of the medium surrounding the bubbles has shown definitely that the hydrogen chloride 
gets into the fog, not by direct primary adsorption on the ammonium chloride particle, 
but by solution in a droplet already formed by the condensation of water on the particle. 

The general conditions in which these ammonium chloride nuclei are produced are 
the same as those shown by Rothmund (Monaish., 1918, 39, 571) to prevail in the case of 
ozone fogs. Where a volatile substance in the solution reacts with a constituent of the 
gas stream to form a non-volatile soluble product, the formation of fog is observed. Thus 
when a stream of ozonised oxygen is passed through sodium bisulphite solution or an 
acid solution of potassium iodide, fog is formed, the non-volatile soluble products which 
act as the nuclei of the fog droplets being sulphuric acid and iodic acid respectively. The 
analogue of these substances in the experiments of the present investigation is ammonium 
chloride (or ammonium sulphite). 

From the available data it is possible to make a rough estimate of the quantity of 
ammonium chloride constituting the nucleus of a droplet. Earlier observations on the 
rate of settling of these ammonium chloride fogs (J., 1927, 977; 1930, 1106) indicated 
that the radius of the droplets was 10“—10 cm. On the assumption that the droplets 
in a given case are of uniform size, the known weight and composition of the fog permit a 
calculation of the ammonium chloride in each droplet. For example, it was found in a 
standard run with an air—hydrogen chloride stream passed through N-sodium hydroxide 
containing 0-001% of ammonia that the weight of the fog was 343 mg., and that the 
quantities of ammonium chloride and free hydrochloric acid carried over in this fog were 
2-01 mg., and 27-5 mg. respectively. If the radius of the droplets is taken as 10-5 cm., 
then the total number of droplets was between 10% and 10'* and the weight of ammonium 
chloride per droplet was between 10~?* and 10-17 g. This means that the number of 
ammonia molecules taking part in the formation of each nucleus was of the order 10°. 

These figures are naturally only rough, and it must be borne in mind that the size of 
the droplets is to some extent dependent on the conditions under which the fog is produced. 
The mere fact of the stability of the fogs means that there must be vapour-pressure equili- 
brium between the droplets and their environment, and account must be taken of the 
greater vapour pressure of minute water droplets as compared with that of water at a 
plane surface (Kelvin’s equation). The significance of these considerations has been 
emphasised both by Townsend (Proc. Camb. Phil. Soc., 1899, 10, 52) and by Rothmund 
(loc. cit.),; who calculate the radius of the droplets in a “‘ chemical” fog by combining the 
Kelvin equation for the increase of vapour pressure with the Raoult equation for the 
lowering of vapour pressure due to the substances dissolved in the droplet. If the data 
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of the experiment quoted above are considered on these lines they lead to a value between 
10-5 and 10°* cm. for the radius of the droplets, definitely lower than the figure calculated 
from the rate of settlement of the fog cloud (cf. Remy, Chem.-Zig., 1928, 52, 679). No 
specific reason for this discrepancy in the values calculated for the radius of the droplets 
has yet been discovered. It may be that one or other of the assumptions underlying the 
calculations, as, ¢.g., the assumption (made in the second case) that vapour pressure 
equilibrium has been completely established, is not warranted. 


SUMMARY. 


1. The amount and composition of the fog produced when an air—hydrogen chloride 
stream is passed through sodium hydroxide solutions containing a trace of ammonia 
have been determined, and the results considered more especially in relation to the vapour 
pressure of the sodium hydroxide solution. 

2. Similar observations and measurements have been made in the case where an air- 
ammonia stream is passed into hydrochloric acid. 

3. The part played by ammonium chloride nuclei in the formation of these fogs is 
elucidated. 


IMPERIAL COLLEGE. LONDON, S.W. 7. [Received, February 1st, 1934.] 





85. The Stereochemistry of 2: 2'-Disubstituted Diphenyls. Part IV. 
The Diphenates of the Cinchona Alkaloids. 


By Mary S. LEssiieE and E, E. TuRNER. 


It was observed by Kuhn (Annalen, 1927, 455, 272; see also Bell and Robinson, J., 1927, 
2234) that the quinine salt of 4: 4’-dinitrodiphenic acid was strongly dexirorotatory, 
and he referred to this change as an “‘ asymmetric transformation of the first kind.” As- 
suming (1) that the salt groups in positions 2 and 2’ are sufficiently large to collide with 
the 6’- and 6-positions (C or H), (2) that in the solvent used there is only partial ionic or 
thermal dissociation, and (3) that the free acid and the once or twice ionised acid are 
capable of unrestricted rotation, it is clear that asymmetric transformation could, and 
should, occur, even without separation of any solid salt, since the quinine d- and /-salts 
will almost certainly have different stabilities from the point of view of their ionic or thermal 
dissociation (see Mills and Elliott, J., 1928, 1297). 

In order to obtain more evidence as to the nature of the effect noticed by Kuhn, we 
have made a number of observations with diphenic acid itself, since it cannot be supposed 
that the nitro-groups in Kuhn’s acid were responsible for the result described. We find 
that in alcohol-chloroform solution the diphenates of the levorotatory alkaloids quinine, 
dihydroquinine, and cinchonidine are strongly dextrorotatory, whilst those of the dextro- 
rotatory alkaloids quinidine and cinchonine are strongly levorotatory; 7.e., Kuhn’s effect 
is shown in all five cases. An additional fact was also noticed, viz., that slight mutarotation 
always occurred, the rotation increasing with time. 

Quinine diphenate crystallises from alcohol and from acetone with 1 mol. of solvent 
of crystallisation; cinchonine and cinchonidine diphenates crystallise with LEtOH; quin- 
idine diphenate crystallises with 2EtOH, and dihydroquinine diphenate with 3EtOH. All 
the salts are well defined. 

Some typical results are shown in Table I. Rotations were measured at 20° in a 
mixture of 99-5% alcohol (2 vols.) and chloroform (1 vol.) in 4-dcm. tubes,* the 1 5791 
line being used. The concentration at which the parent (anhydrous) alkaloids were 
examined is approximately that at which the alkaloids were present in the solutions of 
the corresponding salts. The initial readings were made five minutes after wetting of 


* The same conditions were used in all the experiments described in this paper, except where 
otherwise stated. 
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the solids with solvent. The figures in parentheses are the specific rotations calculated 


on alkaloid present. 
TABLE I. 








Substance. 5 min. 15 hr. 
Quinine wi ° 
Quinine diphenate (-+-EtOH) +1-°89° +2-07° 


Quinine diphenate (-+COMe,) 4124" 41-79 41:97 


Dihydroquinine —6:15 
Dihydroquinine diphenate (+3EtOH) ; +3°98 +4:-06 
Cinchonidine —46 
Cinchonidine diphenate (-+-1EtOH) : . +1-°93 


Quinidine +10°72 

Quinidine diphenate (-++-2EtOH) 15004 — 1-26 —1°31 

Cinchonine 0°9950 +9°47 +238: 

Cinchonine diphenate (-++-1EtOH) —1-72 —1-79 — 34-0 —35°2 
(—50-8) 


1 
+1-99 


During the course of this work, more than 30 solutions of quinine diphenate in alcohol- 
chloroform have been observed to undergo mutarotation, so the effect cannot be doubted. 
The extent of the change depends on the concentration, as is shown in Table II, which 


relates to quinine diphenate alcoholate. 


TABLE II. 
a. [a]. 
a A % Change 
6 5 min. 15 hr. 5 min. 15 hr. in [a]. 

1:2147 ‘62° + «(21-77° +33°3° +36-4° 
2-2776 "62 + 3°80 +39°7 +41-7 
44108 “49 + 9:00 +48°1 +51-0 
6-0736 12-38 +12°54 +50°1 +516 
90215 +19°58 +19°65 +543 454-4 

In 99-5% alcohol (c = 1-3976) the [«]3%, for quinine diphenate (+ EtOH) changed in 
15 hours from — 0-54° to + 3-94°, that of the quinine diphenate (+- COMe,) changing in 
the same time from + 0-36° to + 3-93°. In chloroform solution, neither salt showed 
mutarotation, the specific rotations being -++ 118-5° and + 119-0°, respectively. 

In another set of experiments, the actual salts were not prepared beforehand, but 
polarimetric observations were made on solutions containing equivalent quantities of the 
anhydrous alkaloid and diphenic acid. With quinine and diphenic acid (1 = 4; c for 
salt 1-3964) the observed angle changed from +- 1-82° to + 1-96° in 15 hours, corresponding 
with a change in [«]3),, of + 32-6° to + 35-1°. 

Table III shows the rotations obtained for (1) a mixture of anhydrous quinidine (2 
mol.) and diphenic acid (1 mol.) (c = 1-4396 of anhydrous salt); (2) quinidine diphenate 





TABLE III. 


45791° [a] s791- 25461- [a] sae1- 


Expt. 10 min. 15 hr. 10 min. 15 hr. 10 min. 15 hr. 10 min. 15 hr. 
1 —0°67° —0°71° —11°6° — 12°3° —0°87° —0°91° —15°1° — 15°8° 

2 —0615 —0°65 —10°7 —113 —0°79 —0°827 —13°7 —143 
(—11°8) (—12°5) (—15-2) (—15°8) 


+ 2EtOH (c = 1-4378 of this substance). The figures in parentheses are those obtained 
by correcting for the solvent of crystallisation, and excellent agreement is seen to exist 
between the two sets of readings. Certain irregularities were observed in our first experi- 
ments with quinidine, but they disappeared when the alkaloid was twice crystallised from 
alcohol and then dried in a vacuum at 60°. 

When successive quantities of diphenic acid are added to an alcohol-chloroform solu- 





The Stereochemistry of 2: 2’-Disubstituted Diphenyls. Part IV. 349 


tion of quinine, the levorotation decreases as a linear function of the amount of acid 
added until 0-4 mol. of the latter is present. The rotation reaches a maximum when 
exactly 0-5 mol. of acid is in solution, and thereafter falls, until, at the point corresponding 
to 1-5 mol. of acid, it remains constant. One set of results is shown in the annexed 
diagram, in which the value of « (/ = 2) observed 5 minutes after making the solution 
is plotted against mols. of acid. The concentration of quinine (c = 1-663) was kept 
constant. 

The maximum (« = 1-83; ¢ for salt 2-284) corresponds with [«]5%,, + 40-1° for quinine 
diphenate. Extrapolation of the linear portion of the curve to meet the ordinate repre- 
senting 0-5 mol. of acid gives « = + 2-6°. On the assumption that this value corresponds 
to completely undissociated quinine diphenate, the [«]5%,, for the latter is + 56-9° for this 
particular set of conditions. It will be observed (Table IT) that this value is almost reached 
for c = 9-02. 

All of the above results are consistent with the idea that when the alkaloid diphenates 
(or the equivalent mixture of base and acid) are dissolved in certain solvents there occurs 
a very rapid process of asymmetric induc- A 
tion,* only the last stages of this being detect- +3 


able with the polarimetric apparatus at our +2" i\ 





disposal. Many attempts have been made to 
measure the rotation of solutions of alkaloid 
diphenates within a minute or so of preparing 
them. In most cases limited and rapid 
mutarotation occurred within the first five 
minutes, but quantitative reproduction of 
the readings was impossible. 

Asymmetric induction being assumed to 
be responsible for the results obtained, the 
specific rotation of a solution of quinine 
diphenate should be more positive the higher rae (eer eee 
the percentage of undissociated salt present, Diphenic acid, mols. 

1.e., the higher the concentration. That this 

is so is shown by Table II. Similarly, by increasing the ionisation it should be possible 
to decrease the extent of the induction process. In aqueous alcohol, therefore, the rotation 
of quinine diphenate should be less positive the greater the amount of water present, and 
might even become strongly negative. ‘able IV gives the rotations of solutions of quinine 

















TABLE IV. 


@5791° [a] %5461- (a) rer 
EtOH, % P a Saaedite! |. 5 . enh oe nn 
(wt.). C. 10min. 1l5hr. 10min. 15hr. 10min. 15hr. 10min. 15hr.  «. 
99°5 0°6486 —0°37° —0-27° — 143° — 10°4° —0°43° —0°31° — 166° — 11°95° 26°5 
92-7 06774 —1:21 —121 — 447 — 447 -—141 -—141 — 52:0 — 52:0 29°0 
83°3 0°7226 —2°04 —1:98; — 706 — 68°7 —2:38 -—2°30; — 82°35 — 79°75 32°8 
67°6 0°6736 —260 —252 — 965 — 935 -—3:°02 —2°93 —112°0 —108°7 40°0 
54°7 0°6598 —2°82 —2°79 —1069 —105°7 —3:27 -—3:24 —123°9 —122°7 47:2 





diphenate (+ EtOH) in alcohol-water mixtures (/ = 4); in the last column are given the 
dielectric constants for the mixtures used. The results provide further support for the 
foregoing explanation. It will be noticed that the mutarotation is inappreciable in 92-7% 
alcohol, but that in all the other cases it proceeds in the right direction. 

We hoped to determine the specific rotation of quinine diphenate in mixtures of ethyl 
alcohol and acetonitrile in view of the relatively high dielectric constant of the latter, 


* When an actual salt is used, the induction process has naturally occurred in its preparation. Its 
optical composition will depend on the conditions of preparation, but, in general, further equilibration 
will occur on redissolving it. 
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but owing to solubility difficulties we only made one measurement (solvent, 60°/,MeCN, 
40°, EtOH by weight; /= 4; c = 1-471): 





5791- [a] 1° %5461- (a) 
— _— a, " an, ee, 
10 min. 15 hr. 10 min. 15 hr. 10 min. 15 hr. 10 min. 15 hr. 


+3-06° +3°21° +52-0° +54°6° +3°58° +3-°74° +60°8° +63-6° 


The specific rotation is surprisingly high, but mutarotation was again observed. } 
In view of the small mutarotational changes recorded, we examined solutions of guinine 
phthalate. This substance affords an excellent standard of comparison, as it is somewhat : 
similar to quinine diphenate in type, and, moreover, also crystallises with 1 mol. of ethyl I 
alcohol. The specific rotation did not alter with time, and corresponds approximately ; 
with that due to the quinine present : ; 
C. ow [a], for salt. [a], for quinine present. 1 
70440 —37-95° —134:7° —178°7° n 
49308 — 27-00 — 136°8 —181°5 el 
1-0280 — 5°90 — 142-9 —189°7 fc 
Although asymmetric induction affords an explanation of the results obtained with r 
salts of diphenic acid, it is possible that when more evidence is obtained from a study of re 
alkaloidal salts of other acids an alternative method of interpretation will be found, although . 
the slight mutarotation effects observed would have to be accounted for. Were it not a 
for these, the induction hypothesis would be untenable, since asymmetric induction can 9 yy 
only occur with optically unstable acids, yet it has frequently been observed (Christie ai 
and Kenner, J., 1926, 470; Stanley, J. Amer. Chem. Soc., 1931, 53, 3104; Stoughton and oi 
Adams, ibid., 1930, 52, 5263) that the sign of rotation of an optically stable acid is reversed 
in some of its salts, and we find that the quinine salt of d/-4 : 6 : 4’ : 6’-tetranitrodiphenic ‘in 
acid (the most optically stable diphenic acid known) is dextrorotatory (0-2160 g. of quinine (it 
and 0-1406 g. of acid in 100 c.c. of a mixture of 1 vol. of alcohol and 2 vols. of chloroform ; 79 
1=4; «3%, + 0-36°: whence [«]}%, for quinine present = + 41-7°. No mutarotation). er 
EXPERIMENTAL. pe 
Quinine diphenate alcoholate. Diphenic acid (1 mol.) was added to a boiling suspension of Fo 
2 mols, of quinine in absolute alcohol. On cooling, prisms separated, m. p. 217—218°. From ab: 
the mother-liquor similar crops were obtained (Found: C, 71-7; H, 7-0; diphenic acid, 25-7. an 
Cs5,4H,,0,N,,C,H,O requires C, 71-6; H, 6-9; diphenic acid, 25-85%). mi 
Quinine diphenate acetonate. A warm solution of quinine dihydrate (3-6 g.) in 80 c.c. of tog 
acetone was added to a warm solution of 1-21 g. of diphenic acid in 20 c.c. of acetone. After bet 
a few minutes, rapid separation of crystals occurred; m. p. 217—218° (Found: C, 72-1; H, la 
6-75; diphenic acid, 25-8. C,,H;,0,N,,C,H,O requires C, 72-1; H, 6-8; diphenic acid 25-5%). , 
Quinine phthalate alcoholate was obtained by mixing the components in hot alcohol, and wit 
allowing the solution to cool (Found : phthalic acid, 19-0. C,,H;,0,N,,C,H,O requires phthalic 
acid, 19-3%). Quinidine diphenate (+ 2EtOH), cinchonine diphenate (+ EtOH), cinchonidine the 
gre; 


diphenate (+ EtOH), and dihydroquinine diphenate (+ 3EtOH) were prepared with alcohol 
as solvent (Found: diphenic acid, 24-6, 27-3, 27-9, 23-6. C,,H,,0,N,,2C,H,O, ava 
CesH gOgNy,CgH,O, CsgH5,O.Ny,CgH,O, C5,HggO,N,,3C,H,O require diphenic acid, 24-6, the 


27-6, 27-6, 23-45% respectively). It I 
mo! 
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86. Studies in Solvent Action. Part VIII. Rotatory Powers of the 
]-Menthyl Esters of o-Nitro-, 2: 4-Dinitro-, and p-Nitro-benzoic 
Acids in Relation to the Solvent, Concentration, Temperature, and 
Wave-length of Light. 

By ANDREW MCLEAN. 


Binary liquid mixtures, in which the components do not react chemically, have proved 
of great value in the study of molecular association and related phenomena. The pro- 
perties of such mixtures are dependent on the forces between the molecules of the same 
substance, on the one hand, and between those of different substances, on the other. Debye 
and Keesom have shown that these forces are of an electrical nature and tend to cause 
association of the single molecules. Errera (Z. physikal. Chem., 1928, 138, 332; 1929, 
140, 273) has produced evidence that the forces concerned may be of two kinds, giving 
rise to two types of molecular association, viz., dipolar, which must be ascribed to the 
electrostatic forces of the permanent dipoles, and dipoleless, caused by the van der Waals 
forces usually assumed to explain the association of homopolar molecules. In the former 
case the effective forces are fixed by the size and strength of the dipoles and the form of the 
molecules themselves, and are generally much more powerful than the forces concerned 
in the latter case, which has its greatest significance when non-polar mixtures are con- 
sidered. Experimental data concerning electrical polarisation have been successfully 
explained on this hypothesis (cf. Debye, “‘ Polar Molecules,’”’ 1929), and Errera (“‘ Dipole 
Moment and Chemical Structure,’’ 1931, 101) has shown that there is, in binary liquid 
mixtures, a sympathetic variation between the polarisation and other physical properties 
such as vapour pressure and viscosity. 

That molecular association is effective in the phenomena of optical rotatory power 
was suggested by Frankland (J., 1899, 75, 347) and supported by Pope and Peachey 
(tbid., p. 1111). This assumption was, however, severely criticised by Patterson (J., 1901, 
79, 167), who sought to establish a relationship between the rotation of an optically active 
solution and the internal pressure of the solvent. Modern theory would seem to indicate 
that there is little fundamental difference between the two points of view, internal pressure 
as well as molecular association being largely determined by the polar nature of the liquid. 
For instance, Hildebrand (“ Solubility,” 1924, 85) states that ‘‘ polar molecules have an 
abnormally great attraction for each other, producing greater cohesions, internal pressures 

. and tending to squeeze out, as it were, non-polar or slightly polar molecules from their 
midst,” and Errera (op. cit.) concludes that dipolar association corresponds to a drawing 
together of the molecules by electrostatic forces which may be compared to the forces 
between the ions in a crystal lattice. It is therefore surprising that Patterson, Dunn, 
Louden, and Buchanan (J., 1932, 1715) should describe attempts to connect rotation data 
with dipole moment or specific inductive capacity as being of little significance. 

Of the factors affecting molecular association, dipole association would appear to be 
the most amenable to investigation in connexion with optical rotation, owing to its very 
great effect and to the large number of well-established values of dipole moments now 
available. In earlier papers of this series a relationship has. been shown to exist between 
the rotatory power of an optically active solution and the dipole moment of the solvent. 
It has been found that, in general, the rotation varies in the opposite sense to the dipole 
moment of the solvent throughout a series of solvents derived from the same parent hydro- 
carbon. An explanation of this observation has been advanced in terms of dipolar associ- 
ation, and numerous results have been brought forward in support of this hypothesis. 
During these investigations apparent deviations from the general rule were encountered, 
and although, in the main, these are explicable on the above hypothesis by a consideration 
of space models of the molecules involved, yet it was thought that the explanation was 
still incomplete. 

Previous experience had shown that solvent influences are best observed with optically 
active compounds of simple molecular structure with a strongly polar group situated near 
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the asymmetric centre. The menthyl esters of the nitrobenzoic acids were therefore 
considered suitable solutes with which to extend the investigations. The general rule 
for solvent effects being now recognised, the opportunity was also taken to study other 
factors which cause variation in rotation, viz., change of concentration, temperature, 
and wave-length, in order to submit the dipole association hypothesis to a more rigorous 
test. 
The menthyl esters of the nitrobenzoic acids have already been examined polari- 
metrically by Cohen and Armes (J., 1905, 87, 1190; 1906, 89, 1479) and by Kenyon and 
Pickard (J., 1915, 107, 35). The former authors measured the rotations of the substances 
in the homogeneous state or in benzene solution for the sodium D line at a few different 
temperatures; the latter workers carried out a more extensive investigation at four different 
wave-lengths, but the solvents they employed were too few in number and of too widely 
different type to show any regularity. 

Solvent Effects —With the short, representative series of benzene derivatives employed 
as solvents, the changes in rotatory power of /-menthyl o-nitrobenzoate are in excellent 
agreement with the above-noted regularity, as shown in Table I. In order to economise 
space, only the limiting values of a, are given here and in the following tables. The 
rotation values in cyclohexane, which is not strictly a benzenoid solvent, are included in 
the tables and will be referred to later. 


TABLE I. 
1-Menthyl o-nitrobenzoate (¢t = 20°, c = 4,1 = 1). 


(All rotations negative.) 
Limiting values. p x 1018 
Solvent. Gers: asss- [Meros- [Meses- [M]seoa- [M]sacs- []iser- [MZ Jesse. (solvent). 
22°45° +403°6° 427°1° 566°1° 713°8° 1069° 1708° 0 
21-02 389°6 410°2 536°7 671-0 093°5 1603 
18°96 349°2 368°2 480°3 602-3 891°4 1446 
18°15 338°3 355-2 462°9 580°4 860°3 1386 
15°54 292-7 308°0 400°3 500°1 737°1 1184 
14°43 276°7 289°4 373°9 465°1 684°4 1088 
* 8-11 248°6 263°1 339°9 422-7 616°7 — 
18°52 345°5 362-9 473°5 594°0 877°4 1404 


* a4g,, in this case. 


OO 1H H 


Swetomme 
SRESR 


The rotatory dispersion in all the solvents is complex, but for each wave-length the 
rotatory power decreases as the dipole moment of the solvent increases. Hitherto, no 
attempt has been made to seek quantitative relations in this regularity ; but an examination 
of the values of [M], in the above table clearly indicates that in the less polar aromatic 
solvents, there is, within the limits of experimental error, a quantitative agreement, the 
lowering of [M];4¢3 being approximately 9° for an increase of 0-1 in the value of the dipole 
moment, so that, as shown in Table II, [M];4¢3 is given with accuracy by the expression 
[Mys%s (solution) = [M]5f3 (benzene) + 90° » (solvent). Among the strongly polar 


5463 
solvents the agreement becomes less exact as the polarity increases. 


TABLE II. 


PhMe. PhOMe. PhBr. Ph:CHO. PhCN. PhNO,. 
— 671° — 602° — 580° — 500° — 465° — 423° 


Dele GUE, actassansees 669 602 579 467 367 363 


These results are in complete agreement with the predictions of the dipole association 
hypothesis concerning the binary systems involved. Thus, in the menthyl o-nitrobenzoate 
molecule there is a highly polar nitro-group which renders the molecule susceptible to 
external polar influences, but, owing to the screening effect of the bulky, non-polar menthyl 
residue, does not confer a strong tendency to dipolar association in the homogeneous 
substance. This means that the ester will probably exist as single molecules in benzene 
solution (see Table VII) with a rotation considerably above that exhibited in the homo- 
geneous state. In nitrobenzene solution, however, at low concentration the ester mole- 
cules may be regarded as surrounded by the highly polar solvent molecules and, since 
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the nitro-groups in the latter are relatively unscreened, the degree of association between 
solvent and solute through these polar groups will be of a higher order than that occurring 
in the homogeneous ester ; 7.¢., the rotatory power of the o-nitrobenzoate would be expected 
to be less in nitrobenzene solution than in the homogeneous state. Kenyon and Pickard 
(loc. cit.) give [M]3{, — 492-0° for the homogeneous ester, and in agreement with the above 
reasoning we have [M]3%;3; — 714° in benzene and — 423° in nitrobenzene solution. 

Each solvent may be regarded as associating with the optically active solute in essen- 
tially the same way. Evidently, then, those solvent molecules which are least associated 
among themselves will be in the most favourable condition for their dipoles to have a 
maximum effect. This agrees with the fact that solutions in toluene, anisole, and bromo- 
benzene, the molecules of which are of weak or medium polarity and at most only slightly 
associated, show a lowering quantitatively proportional to the dipole moments of the 
pure solvents, whilst solutions in benzaldehyde, benzonitrile, and nitrobenzene, the polarity 
of which increases in that order, progressively diverge from exact proportionality. 

The influence of solvents on the rotation of /-menthyl 2 : 4-dinitrobenzoate is very 
similar to that observed with the o-nitrobenzoate, as shown in Table III. The same 


TABLE III. 
1-Menthyl 2 : 4-dinitrobenzoate (t = 20°,c = 4,1 = 1). 
(All rotations negative.) 
Limiting values. 
Solvent. 26708: O4358- [Mezos- [Mesese ([M]ss0s- [M]sacs- (Maser. (Masse. 
2 17°07° 353°6° 372°5° 490°3° 616-0° 925°1° 1502° 
15°65 331°6 348°1 455°5 571°5 850°0 1366 
13°88 294°1 308°1 403°5 505-2 751°9 1215 
14-01 297°7 316°8 410°0 515-2 763°2 1219 
12°39 275°4 288°3 3761 466°4 683°6 1076 
11°12 258°5 271°7 350°6 433°8 631-0 974°4 
* 6°62 236°3 250°2 320°6 397°9 575°1 — 
15°85 362°7 380°9 494°5 617°3 905°5 1441 


* 
O4861° 


quantitative relationship between lowering of rotation and increase of dipole moment of 
solvent is again obtained (Table IV), but bromobenzene does not conform to it in this 
series; this substance is, however, also displaced in the solvent series. The highly polar 
solvents show the same divergence as before. 


TABLE IV. 
PhMe. PhOMe. PhBr. Ph-CHO. Ph-CN. PhNO,. 
— 572° —505° —515° — 466° —434° —398° 


[M]2*, (616) 571 504 481 369 270 265 
Patterson and Taylor (J., 1905, 87, 122) advanced the expression [M]>” (solution) = 
[Me (homog.) + 0-97° dv for menthol in solution; here dv is the change in molecular 


volume of menthol on solution and is presumably due to the change in internal pressure 


, calc. 


TABLE V. 
1-Menthyl p-nitrobenzoate (t = 20°, c = 4,1 = 1). 
(All rotations negative.) 


Limiting values. 

Solvent. 26708- 24358- [Meros- [MJeses» ([M]seos- (MM ]saes- ([Macex- ([asse- 
2-75° 210°0° 218°4° 268°8° 316°9° 413°9° 530°0° 
2°84 5 216°4 226°3 278°2 330°0 432°8 565°5 
2-76 , 209°8 218-2 269°1 320°1 421-2 551-1 
2°87 . 218°3 228°2 280°7 334°1 439-0 567°5 
2°86 “4 2184 * 226°8 281-0 333°8 436°8 569°0 
2°86 . 217°2 226°3 277°2 328°1 426°2 542°4 
2°63 ‘ 200°1 209°7 261-0 308°1 400°8 = 

; 157°6 164°4 200°0 234°1 296°3 358°4 


* 
O4861- 
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of the solvent, so it is not surprising that this expression should be similar in form to that 
involving the dipole moment () of the solvent. 

That the rotation values of this ester in all the solvents employed should fall between 
those for the o- and the £-nitro-ester (see Table V) is, at first sight, somewhat unexpected, 
because a nitro-group in both the o- and the #-position has the effect of raising the rotatory 
power. This point is discussed in connexion with molecular-weight data (p. 358). 

With this ester the range of rotatory powers is very small and there is little agreement 
between these values and the dipole moments of the solvents; however, the order of the 
rotations bears a strong resemblance to that obtained by Rule and Dunbar (unpublished) 
with the unsubstituted /-menthyl benzoate in the same series of solvents : 











Ree PhMe. PhOMe. PhBr. Ph-CHO. PhCN.  PhNO,, 
SII. sesesisgatasanedhioia —30° 0 = 904°C 808° (i808 2 — 8979" 


Concentration and Temperature Effects.—For the investigation of the influence of con-* 
centration and temperature, it.was thought advisable to use representatives of both polar 
and non-polar solvents in each case. Of the former group, nitrobenzene was suitable 
in both instances, whilst in the latter class, benzene was used in concentration experiments 
and decalin in work on change of temperature. Both series of results are given in Table 
VI; concentration, c, is given as g. per 100 c.c. 

If, for any wave-length, the results obtained by changing the concentration of the 
optically active substance be considered, a general regularity is at once apparent with 
solutions in both polar and non-polar solvents, viz., that with increasing concentration 
the value of the rotation approaches that for the homogeneous substance. For example, 
with the o-nitrobenzoate, [1/]3%, (homog.) — 492-0° (Kenyon and Pickard, J., 1915, 107, 
35), the values in benzene and in nitrobenzene solution are all respectively above and below 
the homogeneous value, but converge towards it with increasing concentration; for the 
p-nitrobenzoate, [M]5{e, (homog.) — 254-2° (idem, ibid.) is lower than the rotations in either 
benzene or nitrobenzene, and accordingly increasing concentration in each case causes 
a fall in rotatory power. Although no rotation values are available for the 2 : 4-dinitro- 
benzoate in the homogeneous state—the substance darkens on melting—it is reasonable 
to assume from its general resemblance to the o-nitrobenzoate that its behaviour with 
respect to concentration will not differ essentially from that of the other compounds 
considered. 

For the benzene solutions, the results of the experiments with the o-nitro- and the 
2 : 4-dinitro-benzoate are in agreement with Rule, Barnett, and Cunningham’s observation 
on ethyl tartrate (J., 1933, 1217), that “‘ the change in rotation which occurs when the 
concentration is raised in a non-polar solvent is in the same direction as that observed 
when a low concentration is employed and the polarity of the medium is increased.’”’ For 
the p-nitrobenzoate no regular solvent influence is observable, and comparison with this 
generalisation cannot be made. The nitrobenzene solutions, being binary systems where 
both components are strongly polar, present a much more difficult problem and it is not 
justifiable to draw definite conclusions from the limited data available. 

A detailed discussion in the light of dipole association of the changes in optical rotation 
brought about by rise of temperature has already been given (Rule, Barnett, and Cunning- 
ham, loc. cit.), from which it would seem that temperature effects are likely to be much 
more complicated than concentration or solvent effects. The first generalisation correlat- 
ing temperature effects was made by Patterson and his co-workers (J., 1908, 93, 1836; 
1932, 1715); it was a purely empirical observation that, according as the rotation in a 
given solvent is much below or above that of the homogeneous optically active substance, 
rise of temperature will respectively raise or diminish the rotation (or cause it to increase 
very slowly, in the latter case). Rule, Barnett, and Cunningham conclude that in so far 
as this generalisation implies a convergence of the two types of solvent influence at higher 
temperatures it is in agreement with the theoretical deductions, which however, in the 
case of non-polar solvents, allow changes in either direction depending on the ensuing 
change in the configuration of the active molecule. 
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TABLE VI. 


Effect of concentration. 
(All rotations negative.) 
Limiting values. 


Solvent. . 26708- Gs358- [M]ero8- [Meses» [M]ssoa- (M]sacs- [MJaser- [Masss- 
l-Menthy] o-nitrobenzoate (/ = 1, ¢ = 20°). 
10°39° 43°37° 397°4° 419°1° 550°0° 690°3° 1030° 1658° 
20°13 84°04 383°4 405-0 532°6 668°3 997-2 1601 
38°39 158°62 366°0 385°4 505°2 633°6 940°2 1512 
69°47 285°04 330°8 349°1 455°4 570°5 840°3 1357 
6°52 *16°29 246°8 259°6 338°4 421-2 616°5 — 
13°24 *32°81 251°0 263-0 341°8 426°3 622-0 — 
26°68 *66°66 253°9 267°2 348-2 433°3 634°3 -= 
4-dinitrobenzoate (/ = 1, t= 20°.) 
7°99 33°27 346°9 364°9 480°6 604°5 903°1 
15°77 65°25 343°7 362°3 476°1 598°9 891-5 
30°83 125°12 337°5 353°9 464°3 582°5 860°2 
44:90 182°48 327°3 344°1 451°3 563°7 833°7 
2°72 *6°62 236°3 250°2 320°6 397°9 575°1 
5°38 *13°11 233°8 246°4 317°6 395°5 569°8 


l-Menthyl p-nitrobenzoate (/ = 1, ¢ = 20°). 
5°46 13°86 2079 2162 2670 3164 412-0 
10°82 27°32 =206°1 214°5 265°4 313°6 407°6 
21°37 53°71 203-5 212-1 262°1 3093 403-0 
31°39 47°82 1994 2082 2572 303°9 — — 
517 *10°28 196°9 206°1 254°5 302°1 391°6 — 
10°25 * 20°47 = 194°7 203°6 252-0 298°7 388°8 — 
20°00 *39°77 190°4 198°7 246°2 291°6 378°'8 — 


Effect of temperature. 
Limiting values. 
Solvent. a‘. Temp.  ag79s- Qs3ss- [M]oros- [(Moses- [M]seos- [MI sacs» (@M]aser- [Masss- 


l-Menthyl o-nitrobenzoate (1 = 1; p = 3°334 in decalin, = 3°342 in C,H,;*NO,). 
Decalin ... O°8881 21°0° 3°35° 12°40° 345°1° 363°7° 469°9° 580°1° 833°5° 1277° 
.-- 0°8737 40°6 3°22 1168 3373 3551 4556 563°5 8033 1223 
08600 59-0 3°09 1115 =6328°7 = 3345°8_— 442°6 = 5469 = 777°7 1186 
078449 79°5 2°98 10°77 322°7 3400 435°3 536°0 764°5 1166 
0°8320 96:5 2°91 10°37 32071 335°5 429°0 527°8 750°0 1140 
1/1997 20:0 327 *8 11 2486 263:1 339°9 422-7 616°7 
11794 40°8 3°17 7°86 2453 259°2 335°9 418°7 608°3 
11625 58:5 3°09 6 2427 2560  333°0 4146 6031 
1:1430 79-0 2°97 ; 2372 24999 3266 4080  594°0 
1/1242 99°0 2°86 : 232°2 2444 3191 402°0 590°3 


i-Menthyl 2 : 4-dinitrobenzoate ; p= 2311 in decalin, = 3-352 in C,H,*NO,). 
Decalin ... 0°8914 19:0 2°41 , 4095 4315 5504 6763 956°4 
... 0°8756  40°0 2°30 . 397°8 418°6 534°6 652°1 922-0 
0°8616 58°7 2°21 ‘ 388°5 409° 5204 6363 894°8 
0°8445 = 81°7 2°12 , 380°2 399°9 505°7 6223 868-0 
0°8312 99:4 2-02 “6 368-2 388°2 493-9 608°5 851-0 
1-2021 21:0 2°72 a 236°3 250°2 320°6 397°9 575°1 
1/1830 40°6 2-69 5° 237° 250°7 321°3° 399°8 575-4 
1:1660 58:0 2°64 , 236°4 248°8 321°4 399°3 574°8 
-- 11450 79°8 2°57 . 2344 2471 3210 399°5 575-4 
i-Menthyl p-nitrobenzoate (1 = 1; p= 3°412 in decalin, = 3°344 in C,H,*NO,). 
Decalin ... 0°8870 21:0 1-96 4:08 1975 205°5 2488 2892 354-6 
--.- 0°8732 40°0 1-94 4°12 198°5 207°7 250°8 291°7 360°2 
0°8594 58:8 1-93 417 200°7 210°1 253°7 2943 366°0 
0°8439 80°0 1°91 422 2022 21299 2552 2975 373-9 
0°8298 99°5 1°88 430 2025 2132 2563 300% 382-3 
1/1993 20-0 2°63 *5:27 #2001 209°9 261°0 308-1 400°8 
11794 40°75 248 * 4:96 191°9 2011 249-1 295°5 = 383-7 
11624 58°5 2°35 * 4:76 184-5 193-0 241°38 2872 373°6 
11435 78°5 2°25 8 * 4°55 179°4 1882  236°0 2799 362-8 
11251 97°8 2:16 * 4:37 175°2 183°2 227°9 272°4 354-4 


+ 
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Fig. 1 summarises the results of experiments with the three esters now under con- 
sideration for 4 = 5463. The values of the homogeneous o- and #-nitrobenzoates are 
due to Kenyon and Pickard (oc. cit.). 

The curves for the o-nitrobenzoate, converging as they do at higher temperatures, 
are clearly in agreement with the predictions of the dipole association hypothesis and, 
although no values for the homogeneous 2 : 4-dinitrobenzoate are available, there is little 
reason to doubt that the same is true of this compound. In the light of Patterson’s con- 
clusions, however, the nitrobenzene solution is abnormal, and this is probably also the case 
with the 2: 4-dinitrobenzoate in this solvent. With the #-nitrobenzoate there is no 
regularity in the solvent series, and both nitrobenzene and decalin raise the rotation above 


Fic. 1. 





<4 2 ‘Nitro. 


2 deca/,, 


0-Nitro- jn A trobenzene 





2:4-Dinitro- in nitrobenzene 


ze, = p-Nitro-1n decalin 
2-No——— 


‘ p-Nitro- (homogeneous) 

40° 60° ,, 80° 700° 
Temperature (t°). 

Variation of rotatory power of |-menthyl nitrobenzoates with temperature. 

















the value for the pure ester; but, with rising temperature, [11];4g3 decreases for the first 
solution and rises slowly for the second. Both of these observations are in agreement 
with Patterson’s generalisation. 

A theoretical explanation of the observed facts is readily afforded by the dipole associ- 
ation hypothesis, at least in so far as the solutions in non-polar solvents are concerned. 
In this connexion it was thought that molecular-weight measurements of the optically 
active substances concerned in various solvents would furnish data for a more convincing 
argument and accordingly the determinations embodied in Table VII were made. Owing 
to its low f. p. and high b. p., decalin is not a suitable solvent for molecular-weight measure- 
ments, but an examination of the foregoing tables shows that cyclohexane is roughly 
similar to decalin in its effects on the rotatory powers of the esters under consideration. 
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TABLE VII. 


o-Nitro-ester. 2 : 4-Dinitro-ester. p-Nitro-ester. 
M, calc. = 305. M, cale. = 350. M, calc. = 305. 
Solvent, cyclohexane; ebullioscopic weight constant (k) = 28°6. 
W = 20°04; b. p. = 80°5°. W = 19°90; b. p. = 81°3°. W = 19°76; b. p. = 81:°0°. 
w. é. M. w. é. M. w. é. M. 
0°1961 0°095° 295 0°1662 0°067° 357 071615 0:079° 296 
0°4049 0°186 311 0°3346 0-125 385 0°3302 0°150 319 
0°5879 0°264 318 0°5018 0°183 394 0°5499 0°246 324 


0°7597 0°335 324 0°6584 0°233 406 0°6935 0°307 327 
0°8690 0°303 412 0°7925 0°346 332 


Solvent, benzene; ebullioscopic weight constant (k) = 26:1. 

W = 22°65; b. p. = 79°5°. W = 22°82; b. p. = 80°5°. W = 23°14; b. p. = 80°1°. 
0°1731 0-076 262 0°3070 0°096 366 0°2148 0°085 285 
0°3642 0°149 282 0°4576 0°139 377 0°4224 0°161 296 
0°5457 0°213 295 0°6126 0°190 369 0°5994 0°220 307 
0°7444 0-291 295 0°7589 0°238 365 0°8134 0°293 313 
0°9264 0°359 297 0°9106 0°286 364 0°9526 0°340 316 

1-0600 0°330 367 
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Variation of molecular weight of \-menthyl nitrobenzoates with concentration. 





Benzene and cyclohexane were therefore employed as solvents for ebullioscopic determin- 
ations (cf. Menzies and Wright, J. Amer. Chem. Soc., 1921, 48, 2314). 

The relationship between the degrees of association of the individual esters is emphasised 
in Fig. 2, in which the weight of ester is plotted against the molecular weight calculated 
by means of the formula M = kw/eW. 

It is well known that amongst aromatic isomerides the o-substituted compound is least 
and the #-substituted compound most associated (Turner, “ Molecular Association,” 
1915, p. 26). Furthermore, it is to be expected that the dinitrobenzoate will be more 
associated than the mononitrobenzoates, and that all these compounds will be more 

BB ; 
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associated in a saturated non-polar solvent such as cyclohexane (or decalin) than in an 
aromatic non-polar solvent such as benzene. The curves of Fig. 2 show that at concen- 
trations comparable with those employed in the polarimetric measurements, these assump- 
tions are valid, the molecular association being considerable even at the b. p. of the solution. 
Taken in conjunction with the established fact that lowering of temperature increases 
the complexity of molecular aggregates (Turner, of. cit., p. 14), this allows a partial ex- 
planation of the trend of the temperature-rotation curves in Fig. 1. For instance, as the 
temperature of the decalin solution of the p-nitrobenzoate is raised, the rotatory value 
tends to that for single molecules; an indication as to whether this should result in a 
rise or a fall in rotation is furnished by a comparison of the values of [M]3{., for solutions 
in benzene at c = 4 (— 316-9°) and c = 48 (— 303-9°) and of the molecular-weight values 
in benzene, for, as shown in Fig. 2, the state of aggregation of the p-nitrobenzoate is more 
complex in more concentrated solutions. Evidently, therefore, the hypothesis predicts 
a rise in rotation as the decalin solution of the p-nitrobenzoate is raised in temperature, 
in agreement with observation. 

It might be thought that the same result should be obtained with the o-nitro- and 
the 2 : 4-dinitro-benzoate in decalin solution, and, indeed, there is little doubt that associ- 
ation will also be less in non-polar solutions of these compounds at higher temperatures. 
There is reason to believe, however, that the predominant factor influencing the rotatory 
power in these two cases is the spatial proximity of the o-nitro-group to the asymmetric 
centre, as distinct from its proximity through the chain of carbon atoms (Rule, Trans. 
Faraday Soc., 1930, 26, 332), and as the temperature is raised the distance between the 
two o-groups will increase (cf. Ebert, op. cit., p. 43), so the total effect of increase of tem- 
perature with these two compounds will probably be a fall in rotation, which again is in 
agreement with observation. 

The systems nitrobenzene-optically active solute will probably admit of no such simple 
treatment as the above, and in the absence of reliable data as to the molecular state of 
the components under different conditions, theoretical considerations have little value. 

The Rotatory Power of \-Menthyl 2 : 4-Dinitrobenzoate-—The abnormally low rotatory 
power of the 2:4-dinitrobenzoate (compared with the o-nitrobenzoate) in benzenoid 
solvents has already been commented upon. The fact that in saturated non-polar solvents, 
such as cyclohexane and decalin, the dinitrobenzoate has higher rotations than the o- 
nitrobenzoate indicates that the abnormality has its origin in some influence exerted 
between the dinitrobenzoate and benzoid solvents. Consideration of the molecular weight- 
concentration curves for the dinitrobenzoate shows that, whereas the curve for cyclohexane 
pursues a smooth upward course, that for benzene after a preliminary rise falls to a mini- 
mum and rises again. According to Turner (of. cit., p. 38), this shape of curve is to be 
expected where there is combination between solvent and solute accompanying increasing 
molecular association of the solute. The effect of this phenomenon on ro+ tory power is 
being investigated in greater detail with the /-menthyl esters of m-nitroberzoic acids, in 
which it seems to be a more predominant factor; meanwhile, it may be noted that it appears 
to cause a comparatively great fall in rotation. Thus, although the 2 : 4-dinitrobenzoate 
aggregates are simpler in benzene than in cyclohexane, the rotatory powers of the solutions 
are almost identical because there is no combination with the latter solvent. If, as is 
probable, combination between 2 : 4-dinitrobenzoate and benzenoid solvent is general, 
then the abnormally low rotatory powers of this ester in such solvents are explicable, 
for there is no evidence that this phenomenon takes place with the o-ester. 

Optical Rotatory Dispersion.—Relevant studies of the effect of solvent on the rotatory 
dispersion of an optically active solute have been made by anumber of authors. Tschugaeff 
and Ogoronikoff (Z. physikal. Chem., 1912, 79, 471) investigated certain xanthates and 
substituted thiourethanes of borneol, menthol, and fenchol in toluene and acetone solution ; 
these compounds in general formed coloured solutions, which showed anomalous rotatory 
dispersion, and in every case the dispersion curve of the toluene solution was displaced 
towards the red end of the visible spectrum relative to the acetone curve, and the absorp- 
tion maximum was displaced in a similar way. More recently, Owen (7 vans. Faraday 
Soc., 1930, 26, 423) has studied the effect of change of concentration and of solvent on the 
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rotatory dispersion of camphor, with reference especially to the value of the dispersion 
and rotation constants in the Drude equation. 

In no case, however, does a series of related solvents appear to have been employed, 
and in view of the regularities which have already been discovered under those conditions, 
it was thought of interest to extend the present work to a short investigation of rotatory 
dispersion. In many respects nitro-compounds, although excellent for the study of 
solvent influences when green or yellow light is employed, are by no means ideal for dis- 
persion work, the solutions usually being slightly yellow, thus considerably increasing 
the experimental error in the blue and violet regions of the spectrum. This is especially 
the case with nitrobenzene solutions, and at higher concentrations in colourless solvents. 
One compensating factor is the comparatively high values of the observed rotations. From 
amongst the solutions prepared, only the data for those in which the observational error 
did not exceed + 0-03° were employed to calculate the constants tabulated below. There 
is no regularity apparent in the effect of solvents on /-menthyl p-nitrobenzoate and no 
calculations were made from the data for this compound. 

On plotting 1/« against 2*, a small regular deviation from linearity was obtained in 
each case, indicating that the dispersion equation would probably be of the form « = 
k,/(a® — 24?) + R,/22. On this basis the values contained in the following table were 


calculated. 





Dispersion and Rotation Constants for Solutions of \-Menthyl Esters. 


(a) 1-Menthyl o-Nitrobenzoate. (b) 1-Menthyl 2 : 4-Dinitrobenzoate. 
Solvent. c. A,*. ky. Re. c. A,?. hy. hg. 
C,. Cotectinsdtensns 4:010 071349 0-991 0°975 3°980 0°1459 0°556 0°985 
jo) 1 Dacelyoenins 7°980 0°1436 1345 2-710 8:062 0°1428 1-159 1-893 
ak, keeennlanpeuts 16-012 0°1438 2-903 4°805 16°072 0°1414 2°329 3°689 
Co MCS e652. 5 4-000 0°1464 0°628 1-368 4:012 0°1480 0-460 1-022 
C,H,-OCH, ...... 4-000 0°1470 0-560 1-229 3°998 071504 0-383 0°933 
| eae 3°994 0°1502 0-491 1-253 -— a a -— 
C,H,-CHO ......... 4-000 0°1511 0°346 1-180 4-030 0°1501 07316 0°950 
ft ape 4°046 0°1590 0-287 1-203 3°994 0°1552 0°250 0°947 
CBI ENO,, ccansisse - - -— —— 4-029 0°1658 0°195 0-922 


When these data are inserted in a three-constant equation of the above type, they allow 
the calculation of values of «, which approximate closely to the observed values, the positive 
and negative differences being distributed quite irregularly. 

Considering, first, only those solutions in which c = 4, it is seen that, for both esters, 
the dispersion’ constant, A,?, increases with the polarity of the solvent. If 1/4, is assumed 
to be the absorption frequency responsible for the optical rotatory power, this means that 
the active barai moves towards the red end of the visible spectrum as the polarity of the 
solvent increases. As already indicated, such a movement of the absorption maximum 
was observed ‘experimentally by Tschugaeff and Ogoronikoff, who, however, failed to note 
the regularity, probably because they used only two solvents which were of different 
types. Amongst the rotation constants another regularity is present: in both cases hk, 
decreases rapidly with increase in polarity of the solvent, whilst k, remains approximately 
constant. 

For solutions in benzene of concentration exceeding c = 4, the data are somewhat 
less extensive than was desired, owing to the fact that the observed readings above c = 16 
are too inaccurate to give satisfactory Drude equations. The limited results available, 
however, present a rough parallel to those obtained by Owen (loc. cit.) with camphor in 
alcoholic solution. 

A general survey of the above results suggests that for solutions of an optically active 
compound : 

(1) The dispersion constant, 2,7, or, more correctly, the absorption frequency, 1/,, 
responsible for the rotatory power, is governed by the polarity of the solvent as measured 
by the dipole moment. Application of the hypothesis advanced in this and preceding 
BB2 
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papers of this series further indicates that this influence is effective through the mutual 
interference of the polar groups in both components of the system. Such a conclusion 
is not incompatible with modern physical theories of the origin of optical rotatory power. 

(2) The rotation constant, k,, since it varies greatly, is dependent on the polarity of 
the solvent, whilst k,, which is practically constant, is independent of the polar nature of 
the solvent. The dipole association hypothesis indicates that k, is an index of the con- 
tribution of the nitro-groups in the optically active compound to the rotatory power, 
whereas k, is an index of the contribution of the hydrocarbon part of the molecule or of 
some part which is screened from the influence of dipole association. 


SUMMARY. 


(1) Solutions of the /menthyl esters of o-nitro- and 2: 4-dinitro-benzoic acids in 
benzenoid solvents show rotatory powers which vary in acontrary sense to the dipole moment 
of the solvent. To a certain extent this relationship is quantitative. 

(2) Solutions of the /-menthy] ester of p-nitrobenzoic acid show no regularity in solvent 
influence. 

(3) An explanation of the effects of concentration and temperature. on the rotatory 
powers of these esters is advanced in terms of dipole association. 

(4) The effect of a series of related solvents on the constants of the Drude equation is 


briefly investigated. 


This work was carried out in the Chemistry Department, University of Edinburgh, and 
was originally suggested by Dr. H. G. Rule, to whom the author wishes to express his indebted- 
ness for interest and advice. 
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87. Some Properties of Arced Gases. 
By B. W. Braprorp and G., I. FINcH. 


Ir has previously been shown (Proc. Roy. Soc., 1926, 111, A, 257) that combustion of a 
gaseous mixture can be confined to the cathode zone of a high-tension discharge by a 
suitable choice of pressure, current, and gap width, and that its rate is directly propor- 
tional to the current. Metal atoms, proportional in number to the current, can be intro- 
duced into the cathodic reaction zone by the use of a freely sputtering metal as cathode 
(‘bid., 1930, 129, A, 314). It was further found that the presence of metal atoms (7bid., 
1929, 124, A, 303), steam (cbid., 1929, 125, A, 532), or hydrogen (zbid., 1930, 129, A, 656, 
672) greatly accelerated the rate of cathodic combustion of dry carbon monoxide-oxygen 
mixtures; for example, although at a non-sputtering cathode the rates of combustion 
of dry mixtures of these gases never exceeded 0-05 c.c./min./mA., yet at a freely sputtering 
cathode or in the presence of steam or hydrogen, rates as high as 0-36, 0-45, and 0-67 re- 
spectively were recorded. These facts, in conjunction with the results of analyses of the 
intermediate combustion products, showed clearly that such promoters profoundly affected 
the nature of the reaction mechanism whereby dry carbon monoxide-oxygen mixtures 
burn cathodically. In view of the relatively high levels of excitation of each gas shown 
to have been attained in the cathode zone (cbid., p. 314), the remarkable resistance of the 
monoxide to combustion in the absence of a promoter suggested that under the conditions 
of these experiments the two gases were most reluctant to combine directly. Moreover, 
it was shown experimentally that much of the relatively small amount of combustion 
observed in the case of the dry gaseous mixtures was due to the prior cathodic auto-oxid- 
ation of carbon monoxide, whereby the dioxide and carbon were formed, the latter being 
subsequently burnt by oxygen. 
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Whereas metal atoms thus promoted the cathodic combustion of dry carbon monoxide, 
their presence reduced the rate of cathodic combustion of hydrogen-oxygen mixtures, 
particularly in the presence of excess hydrogen (ibid., 1931, 188, A, 173). Finally, al- 
though carbon monoxide disappeared more rapidly than hydrogen in mixtures of these 
two gases with oxygen undergoing cathodic combustion, it was found that the rate of 
such combustion was wholly characteristic of the cathodic combustion of hydrogen (ibid., 
1930, 129, A, 672). These facts led to the view that, as with carbon monoxide and oxygen, 
the direct union between hydrogen and oxygen could only be induced with difficulty, 
but that in the presence of steam combustion was in effect promoted in both cases by 
hydroxyl. 
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This investigation was therefore carried out with the object of subjecting the above 
and other views to further experimental test. The properties of streams of gases ex- 
cited by previous passage through a high-tension arc were examined, and their mutual inter- 
actions studied in relevant cases. 


EXPERIMENTAL. 


Several forms of apparatus were employed which enabled one or more jets of previously 
arced gases to be discharged into a partially evacuated vessel. It will suffice to describe briefly 
the two final forms employed, the one serving for the production of single jets, the other for 
double jets of gases. 

The Single-jet Apparatus.—Fig. 1. This apparatus enabled a stream of gas to be drawn 
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through a high-tension arc prior to discharge into an 18-cm. diameter Pyrex vessel, through 
an orifice, 0-2 mm. in diameter, blown into a quartz arc tube. The diagram (Fig. 1) is self- 
explanatory. 

The Double-jet Apparatus.—Fig. 2. This apparatus was similar in principle. Platinum 
pre-heating coils enabled the temperature of the arced gas streams to be raised from about 
35° to 600°. The streams could be caused to impinge on each other at varying distances from 
the orifices by rotational adjustment of the arc tubes. The test piece support carried a platinum— 
platinum-rhodium thermo-junction for measuring the temperature of the gas streams. Other 
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services were essentially as in the case of the first apparatus, except that provision was made 
for the withdrawal of samples into a 5-litre vessel for subsequent analysis. 

Results with Single Jets—The gas was streamed through the arc (6 mA., between 600 and 
800 V.) under pressures between 1 mm. and 150 mm. and discharged through the jet orifice 
into the discharge vessel, which was evacuated at a rate enabling any desired pressure to be 
maintained therein. With oxygen streaming through the arc into the discharge vessel con- 
taining oxygen at about 85 mm. pressure or less, the pressure fall in the orifice being 
about 15 mm., a well-defined and luminous beam was obtained. The appearance and 
properties of the arced gas streams produced in the single-jet apparatus are summarised as 
follows : 
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Discharge } : 
vessel pressure Colour of Length of Chemical properties of 
Arced gas. range, mm. after-glow. after-glow. arced gas stream. 


H, dry } 5—150 Nil Nil No reduction of CuO 
H, + 1%H,O » Nil Nil CuO rapidly reduced 


O, dry Greenish From 2 mm. to Gave characteristic O, tests: 

impinging on positive reaction with 

vessel wall tetramethyl base; solid 
O, (highly explosive) 
frozen out on liquid-air 
cooled tube in contact 
with glow 

O, + 1%H,O \ Nil Nil No O,, but traces of H,O, 

+1%H, J ; : [Ti(SO,), test] 


O, + 1%CO J Bright lavender 2—30 mm. 





(O, could be discharged into either moist or dry unarced H, or CO without appreci- 
ably affecting the appearance of the beam.) 


N, dry Yellowish 5—50 mm. 
Ns . pees } 50—95 Nil Nil 
/0**2 
~ (N, could be discharged either into unarced moist N, or into H, without appreci- 
| ably affecting the appearance of the beam.) 
N, + 1%CO As with Ng, i.e., glow unaffected. 


tongue _ issuing ally sputtered PtO, films, 


CO dry Light blue, 5-mm. 15—50 mm. Rapidly reduced cathodic- 
| from jet orifice : which are otherwise only 


f 30—80 beam otherwise slowly reduced by un- 
apple-green arced CO 


co + 1%H,0 Nil 
CH, 30—80 i i Slight C deposition on 
electrodes 


co, 30— 80 i Slowly reduced PtO,, and 
gave O, reactions. 


The above gases all gave rise to extensive cone-shaped glows when the discharge chamber 
pressures were below 2—4mm. Below 2 mm. the glows could be made to fill the entire discharge 
chamber. 


Results with Mixed Jets. 
Gas streams. Analysis of products. Remarks. 
Dry arced O, alone 0:02%CO, (Baryta blank) 
Dry arced CO alone 0°11%CO, Auto-oxidation 


Dry arced CO and arced 0°12—0°02 = 0°10% CO, Allowing for auto-oxidation, no 
O, mixed direct union between CO and O, 


Dry arced CO alone 0°057% CO, Auto-oxidation reduced owing to 
carbon accumulated on elec- 
trodes 


Arced (O, + 2% H,0) 0-035% CO, (Baryta blank) 


Dry arced CO mixed ‘? 0-069 less blanks = 0-034%, CO, Auto-oxidation only, but no com- 
with unarced (O, + b. 0°045 ,, » = ¢012 bustion direct 
2°, H,O) 

Dry arced CO mixed fh 0-190 less blanks = 0°098°%, CO, Slight interaction between CO and 
with arced (O, + 2% ne. = 0°048% _,, products of arced steam 

H 


20) 


While the after-glows of neither carbon monoxide nor oxygen were affected when run into 
atmospheres of unarced oxygen or monoxide respectively, the colour of the monoxide jet 
changed abruptly from apple-green to bright lavender on coming into contact with the arced 
oxygen stream. 
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Gas streams. Analysis of products. Remarks. 


Dry arced H, mixed with dry arced O, . 022% H,O Appreciable combustion 
COR a 


Dry arced H, mixed with dry unarced O, . 0°00 ,, No combustion 
: oO op 


Dry unarced H, mixed with dry arced O, , Slight combustion 
. 0066 ,, 


3 vols. arced moist H, (16°8% H,O) + 4 vols. \ 70), Much steam decomposed 
arced moist O, (16°8% H,O) 

3 vols. arced moist O, (16°8% H,O) + 1lvol. \ Ms ts Less steam decomposed 
arced moist H, (168% H,0) Jj 

Experiments were then carried out in order to determine the effects of previous arcing 
upon the ignition temperatures of the mixed streams, first for homogeneous ignition at the 
junction of the preheated arced streams, and second for ignition on the surface of an internally- 
heated fused quartz tube (not shown in Fig. 2) which could be brought into the zone of the 
mixed gases by rotation of a supporting arm passing through a ground-glass joint. With 
unarced impinging streams of hydrogen and oxygen delivering into a discharge-chamber pres- 
sure of 90 mm. of hydrogen plus oxygen, homogeneous ignition occurred when either the hydrogen 
stream was heated to 590°, or the oxygen stream to 580°, the other stream in each case being 
cool (< 35°). Preheating of both streams enabled the ignition temperature to be slightly 
reduced. Thus, ignition took place with hydrogen at 570° mixing with oxygen at 560°. These 
results were wholly unaffected by previous arcing of either the one or both gas streams, or by 
the presence of steam up to about 10% and possibly more. 

The least temperature of the outside surface of the silica tube necessary to effect hetero- 
geneous ignition was found to be practically unaffected by either (i) water contents of gases 
up to 10% and possibly more, (ii) previous arcing of either or both gases, (iii) preheating of either 
or both gases, arced or otherwise, up to stream temperatures within 20° below the ignition 
temperature. The discharge-chamber pressure was, as before, maintained at 90 mm. of hydrogen 
plus oxygen. 

Thus, in no case was the ignition temperature affected by previous arcing or otherwise of 


the gas streams, and in this respect it was immaterial whether ignition occurred under homo- 
geneous or heterogeneous conditions. 


DISCUSSION. 


A spectrographic study (Proc. Roy. Soc., 1930, 129, A, 314) has shown that within 
the cathode zone dry oxygen, but not dry hydrogen, is atomised, whereas moist hydrogen 
or steam decomposes in the main to hydrogen atoms and hydroxyl. These three products 
have different lives. The well-known properties of the hydrogen atom are such that 
it can be expected to survive in the arced streams; that it does so in quantity has, indeed, 
been proved by the rapid reduction of copper oxide obtained in our experiments. The 
life of hydroxyl is so brief (Bonhoeffer and Pearson, Z. physikal. Chem., 1931, 14, B, 1) 
that, under the conditions of our experiments, it could never have survived passage through 
the jet orifice. There is some doubt as to the longevity of oxygen atoms as such, though 
experiments recently carried out in this laboratory (of which an account will shortly 
be published) support the view that these, like hydroxyl, are short-lived. However this 
may be, the arced oxygen streams contained ozone in abundance. Strutt’s results (Proc. 
Physical Soc., 1910, 23, 66 ; 1912, 24, 1) suggest that the after-glow in arced oxygen streams 
is due to ozone decomposing to molecular oxygen. Finally, the after-glows observed in 
several arced gas streams testify to the existence therein of molecules in metastable states 
of relatively high levels of excitation. Nevertheless, previous arcing was found to be without 
effect upon the ignition temperatures observed in mixed hydrogen and oxygen streams. In 
view of these facts, and of the crucial nature of the experiments whereby they have been 
brought to light, it is difficult to resist the conclusion that, whatever réle atomic hydrogen as 
such may play in the homogeneous combustion of hydrogen by oxygen, it certainly does not 
act therein as a promoter. This conclusion conflicts with the well-known views of the 
mechanism of the combustion put forward by Haber and his collaborators (Z. physikal. 
Chem., 1928, 187, A, 263; 1932, 16, B, 443) and by Taylor (Trans. Faraday Soc., 1932, 
28, 569) and others, according to which atomic hydrogen is an essential and all-important 
active member in their postulated reaction chains. 
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The results obtained on mixing arced dry streams of carbon monoxide and oxygen, 
both exhibiting strong after-glows which changed colour in a remarkable manner on 
mixing, are in agreement with the facts relating to the cathodic combustion of such mix- 
tures ; they show that, within the pressure range covered in these experiments, the monoxide 
is most reluctant to combine with oxygen directly, 7.c., without the intervention of steam 
or metal atoms. 

The resistance to combustion offered by dry hydrogen and oxygen is less than that 
observed in the case of carbon monoxide. Even so, no interaction occurred when the 
hydrogen stream alone was arced, and only traces of combustion could be detected when 
arced oxygen was mixed with unarced hydrogen; it is, indeed, well known that hydrogen 
and ozone interact at room temperature, though only very slowly, to form water. 


IMPERIAL COLLEGE, Lonpon, S.W. 7. [Received, February 1st, 1934. 









88. The Synthesis of Compounds related to the Sterols, Bile Acids, 
and O¢cstrus-producing Hormones. Part II. The Formation of 
some T'etracyclic Hydroaromatic Hydrocarbons. 


By J. W. Cook and C. L. HEwETT. 


THE mild conditions which suffice for the ring closure of 1-(8-1’-naphthylethyl)-A1-cyclo- 
pentene (I) (J., 1933, 1098) appear to preclude molecular rearrangement, in which case 
the number of saturated isomerides which might be formed is confined to the four com- 
pounds represented by structures (II) to (V). By the simple and convenient method 
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(loc. cit.) for the preparation of 1 : 2-cyclopentenophenanthrene (arising from the dehydro- 
genation of II), under all the conditions which were used for ring closure, a considerable 
proportion of (I) was converted into a hydrocarbon, C,,H,,, which was regarded as the 
trans-isomeride of (II), although it was pointed out that structure (IV) was not excluded. 
We have now shown that this hydrocarbon cannot be represented by (II), for oxidation 
with dilute nitric acid led to a nitrobenzenetricarboxylic acid. A di- or a tetra-carboxylic 
acid might arise from (II), but not a tricarboxylic acid. Our oxidatiorproduct, which we 
isolated as its methyl ester, was shown to be 4-nitrohemimellitic acid, for the same ester 
was obtained when 4-nitronaphthalic acid was oxidised under similar conditions. Further 
evidence against formula (II) was provided by the fact that cyclisation of 1-(8-1’-naphthyl- 
ethyl)-A!-cyclohexene, obtained by dehydration of the carbinol formed by the interaction 
of cyclohexanone with 8-1’-naphthylethylmagnesium chloride,* led to a mixture of tetra- 
cyclic hydrocarbons from which were isolated not only the two stereoisomeric as-octahydro- 
chrysenes (VI), but also an isomeric Aydrocarbon (C,gHg9) which in its physical properties 


* This is a process analogous to the formation of 1-8-phenylethylcyclohexanol and 1-f-phenylethyl- 
Al-cyclohexene, which, together with 1-phenylacetyl-a!-cyclohexene, we described in Part I. These 
three compounds have also been prepared by Fulton and Robinson (J., 1933, 1463). 
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and in the bright vermilion colour of its sparingly soluble picrate was exactly analogous 
to the hydrocarbon C,,H,, under discussion. This analogy is exemplified by the following 
table : 
M. p. of hydrocarbon. M. p. of picrate. d. Np. [Rz]p- 
35° 128° 10859 1°6256 0°3240 
55 141 1-0809 1°6197 0°3248 


The hydrocarbon C,,Hg9 gave no chrysene when heated with selenium and hence could 
not be an octahydrochrysene (VI), a fact which renders it unlikely that the hydrocarbon 
C,7H,, has the structure (II), analogous to (VI). 

It thus remained to distinguish between formule (IV) and (V) for the hydrocarbon 
C,,H,s. On general grounds (V) is unlikely. It is true that von Braun and Rath (Ber., 
1927, 60, 1182) synthesised a somewhat analogous ring system with a five-membered 
ring fused to a seven-membered ring, but they obtained-very poor yields and in their case 
no alternative mode of ring closure was possible. Moreover, a considerable proportion 
of our tetracyclic hydrocarbon C,,Hg9 was recovered unchanged after heating with selenium 
at 320—340° for 33 hours. It is difficult to reconcile this with a structure analogous to 
(V), and we therefore conclude that our two hydrocarbons are represented by (IV) and 
(VII) respectively. Their products of dehydrogenation are consistent with this view, 
for Clemo and Ormston (J., 1933, 352) showed that spirans undergo rearrangement when 
heated with selenium, cyclohexylspirocyclopentane being converted into naphthalene. 
From the dehydrogenation of the hydrocarbon C,,H»o (VII) we isolated pyrene (VIII), 
so ring fission in the position indicated by the dotted line is followed by formation of the 
pyrene ring system with loss of two carbon atoms. 
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In our previous communication we showed that selenium dehydrogenation of the 
hydrocarbon C,,H,, (IV) leads to a hydrocarbon C,,H,., which we then regarded as an 
indene corresponding to (II). In its properties (characteristic series of colour and fluo- 
rescence changes with concentrated sulphuric acid ; dark red, very sparingly soluble picrate ; 
unsaturation towards pyridine sulphate dibromide) this hydrocarbon closely resembles 
pyrene, and it is clearly 1-methylpyrene formed by rearrangement of the five-membered 
ring of (IV). Ample confirmation of this view is provided by comparison of the absorption 
curve of this hydrocarbon with the characteristic curve of pyrene; each of the twelve 
absorption bands of pyrene is reproduced by the hydrocarbon C,,H,,, with a shift towards 
the region of longer wave-length due to the methyl group. The absorption maxima (A.) 
of the two compounds are as follows : 


3710 3612 3560 3510 3343 3188 3060 2725 2616 2517 2401 2310 
1-Methylpyrene 3743 3640 3589 3538 3363 3208 3079 2750 2643 2537 2434 2344 
s 


With a view to obtain additional confirmation of our conclusion we attempted to synthesise 
l-methylpyrene by an independent method, but although we were able to devise a new 
synthetic method for pyrene itself we failed to extend it to 1-methylpyrene. 

For the synthesis of pyrene, 4-keto-1 : 2 : 3 : 4-tetrahydrophenanthrene was submitted 
to the Reformatsky reaction with ethyl bromoacetate. The resulting acid (probably IX) 
was dehydrated to a ketone (probably X), which passed into pyrene on reduction and sub- 
sequent dehydrogenation. Since compounds related to 4-keto-l : 2:3: 4-tetrahydro- 
phenanthrene are now readily available (Haworth, J., 1932, 1125, 1784, 2717), this method 
of pyrene-ring synthesis will be a useful supplement to the four existing methods (Weitzen- 
béck, Monatsh., 1913, 34, 193; Freund and Fleischer, Annalen, 1914, 402, 77; Fleischer 
and Retze, Ber., 1922, 55, 3280; von Braun and Rath, Ber., 1928, 61, 956). The failure 
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of the 1-methylpyrene synthesis was due to the fact that 4-keto-3-methyl-1 : 2:3: 4- 
tetrahydrophenanthrene would oe condense with ethyl bromoacetate. 
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When 1 : 2-cyclopentenophenanthrene was obtained by selenium dehydrogenation of 
(II) it was always contaminated with a substance which raised its m. p. by varying amounts 
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(Cook and Hewett, Joc. cit.). This substance was isolated in a pure state by Kon (J., 
1933, 1087), who used a method essentially the same as ours in principle although much 
less direct. Kon showed that the contaminating substance was a hydrocarbon, C,H, 
and he attributed to it the structure of an indene corresponding to (II). We noticed that 
the m. p.’s recorded by Kon for the hydrocarbon and its picrate were in good agreement 
with those of chrysofluorene (C,,H,,; XV) and its picrate, and we found that a sample 
of chrysofluorene synthesised by a method described in the sequel did not depress the 
m. p. of the hydrocarbon * isolated from crude 1 : 2-cyclopentenophenanthrene and also 

* Dr. G. A. R. Kon very kindly supplied us with a pure specimen of this hydrocarbon. Our identi- 
fication of the hydrocarbon as chrysofluorene has been confirmed by the oxidation of a larger sample, 
also supplied by Dr. Kon, to “ chrysene ketone.”’ 
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raised the m. p. of 1: 2-cyclopentenophenanthrene. Chrysofluorene (XV) could clearly 
arise by rearrangement of the spiran (III) during selenium dehydrogenation, and we 
regard these experiments as demonstrating the presence of this spiran in the crude mixture 
of tetracyclic hydrocarbons obtained from (I). As a corollary it follows that there is now 
no evidence that dehydrogenation of a five-membered ring can occur under the influence 
of selenium, for the only remaining example which suggests such a dehydrogenation is 
the 5’-methyl-1 : 2-cyclopentadienophenanthrene of Kon (loc. cit.) and it now seems clear 
that this substance must be a dimethylpyrene (probably 1:2-) formed from a spiran 
analogous to (IV) by a rearrangement of the type already discussed. The behaviour of 
polycyclic compounds containing a five-membered ring thus conforms to that of the mono- 
cyclic cyclopentane derivatives which Zelinsky, Michlina, and Eventowa (Ber., 1933, 66, 
1422) showed to be resistant to the action of a dehydrogenating catalyst. 

The separation of the two stereoisomeric as-octahydrochrysenes (VI) isolated from 
the mixture of tetracyclic hydrocarbons formed from 1-(8-1’-naphthylethyl)-A?-cyclo- 
hexene is a matter of considerable difficulty, and is unnecessary if the object is the synthesis 
of chrysene, for which purpose a convenient method is selenium treatment at 300—320° 
of the mixture of hydrocarbons formed from 1-(8-1’-naphthylethyl)cyclohexanol by the 
action of sulphuric acid in acetic acid at 100°. The spiran (VII) is unaffected under these 
conditions and is readily removed from the sparingly soluble chrysene. 

The structure assigned to the two as-octahydrochrysenes is based on the fact that they 
are both smoothly dehydrogenated to chrysene by selenium at 300—310°. Chrysene 
might, of course, arise from a spiran analogous to (III), but we consider that such a structure 
is precluded for our two hydrocarbons by the facility with which chrysene was formed, 
for the spirans which we have investigated require appreciably higher temperatures for 
rearrangement. Both hydrocarbons differ in their properties from the s-octahydrochrysene 
described by von Braun and Irmisch (Ber., 1932, 65, 883), and their behaviour towards 
picric acid is noteworthy. The higher-melting (probably /vans-) isomeride gave no picrate 
in methyl-alcoholic solution, whereas the lower-melting (probably cis-) compound gave 
a well-defined orange ficrate containing two molecules of hydrocarbon combined with one 
molecule of picric acid. This is very unusual, the only other example we know being the 
picrate of s-octahydroanthracene described by Godchot (Bull. Soc. chim., 1904, 31, 1340; 
Ann. Chim., 1907, 12, 484), the existence of which was subsequently denied by Schroeter 
(Ber., 1924, 57, 2007). Dr. A. Girard, of Paris, has informed us that some of the oestrus- 
producing hormones which he has isolated from the urine of pregnant mares give “ semi- 
picrates ” of this nature. 

In order to examine the possibility of synthesising the spirans (IV) and (VII) we at- 
tempted to prepare the “ dihydrophenalone ” (XI) which Mayer and Sieglitz (Ber., 1922, 
55, 1844) obtained by the action of aluminium chloride on 8-1-naphthylpropiony] chloride. 
We have been unable to reproduce their results, for although we obtained a crude product 
having approximately the m. p. (85—86°) which they record, repeated crystallisation 
led to the isolation of the yellow 9-phenalone (XII),* m. p. 153—154°, evidently formed 
by dehydrogenation of the dihydro-compound (XI) first formed. 
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* Three different systems of terminology have been proposed for compounds containing this ring 
system. For the parent aromatic hydrocarbon corresponding to (XII) the following names have been 
suggested : 

(i) peri-Naphthindene (Stelzner, Lit.-Reg. der Organ. Chem., 1914—15, Vol. III, p. 61). This system 
is used by Criegee, Kraft, and Rank (Amnalen, 1933, 507, 177) for a methyl derivative of our ketone. 

(ii) Phenalene (= phenonaphthalene) (Mayer and Sieglitz, Joc. cit., p. 1837). 

(iii) Benznaphthene (= peri-benzonaphthalene) (von Braun and Rath, Ber., 1928, 61, 960). 

None of these names is strictly correct, but in order to avoid adding to the confusion we refrain 
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9-Phenalone has marked basic properties and dissolves immediately in concentrated 
hydrochloric acid, by which it may be extracted from the crude reaction products and thus 
readily obtained pure. The same ketone was formed in moderately good yield by treat- 
ment of @-l-naphthylpropionic acid with anhydrous stannic chloride. A by-product of 
this reaction was a colourless ketone, m. p. 120°, either the true 7 : 8-dihydro-9-phenalone 
(XI) or the isomeric 4 : 5-benz-1-hydrindone. With the small amount of material available 
we have been unable to determine which of these alternatives is correct. 

In the patent literature (D.R.-P. 283,066) is described the synthesis from «- or B- 
naphthol and glycerol of a compound to which formula (XII) is correctly attributed, for 
its properties agree in every detail with those of our 9-phenalone. The same formula 
(XII) should also represent the ‘“‘ pyrene ketone” obtained by Bamberger and Philip 
(Annalen, 1887, 240, 178) by degradation of pyrene. Apart from its low m. p. (142°), 
the properties of “‘ pyrene ketone ” correspond to those of 9-phenalone. 

Ring closure of compounds of type (I) would be expected to lead to ¢vans-locking of 
the rings, and in the hope of obtaining evidence on this point an attempt was made to 
prepare a hexahydrochrysene by cyclisation of 1-8-phenylethyl-3 : 4-dihydronaphthalene 
(XIII), obtained by dehydration of the crude carbinol resulting from 1-keto-1 : 2:3: 4- 
tetrahydronaphthalene and $-phenylethylmagnesium chloride. Both cis- and trans-hexa- 
hydrochrysenes are crystalline solids of known configuration (Ramage and Robinson, J., 
1933, 607). When the dialin (XIII) was treated with aluminium chloride in carbon disul- 
phide at 0° the expected cyclisation did not occur, almost the sole reaction being dehydro- 
genation to 1-§-phenylethylnaphthalene.* This facile dehydrogenation of a dihydro- 
aromatic structure imposes a limitation on the utility of the cyclisation reaction as a 
synthetic method. We propose to attempt to overcome this difficulty by the use of «-deca- 
lone instead of «-tetralone, although here an additional complication is introduced by 
the fact that «-decalols tend to dehydrate largely to the A1*-octalins rather than the 
Al:2_compounds (Hiickel and Naab, Annalen, 1933, 502, 139). 

For identification of the 1-8-phenylethylnaphthalene formed from (XIII) a specimen 
was prepared by the Clemmensen reduction of 1-phenylacetylnaphthalene. The formation 
of this ketone (m. p. 57°) from naphthalene and phenylacetyl chloride was claimed by 
Graebe and Bungener (Ber., 1879, 12, 1078), and we had no difficulty in preparing by this 
reaction a highly crystalline substance, m.‘p. 55—58°. This, however, was shown to be 
a mixture containing at least 20° of the 2-isomeride. By fractional crystallisation of 
the picrates the mixture was readily separated, and the pure 1-phenylacetylnaphthalene 
(m. p. 66—67°) was isolated. These experiments show that the conclusion of one of us 
(Cook, J., 1931, 2012) that 1-phenylacetylnaphthalene is converted into the 2-isomeride 
by heat was unjustified, for the earlier experiment was made with the material which is 
now shown to be a mixture, and this destroys the evidence that 1-phenylacetylnaphthalene 
behaved differently on pyrolysis from its 4-methyl derivative. 

To determine if the unsaturated centre of the indene molecule could be utilised for 
cyclisation, 3-8-phenylethylindene (X1V) was prepared from 1-hydrindone. This indene 
showed considerable resistance to ring closure, for only a small yield of 1 : 2-benzfluorene 
(chrysofluorene; XV) was obtained by dehydrogenation of the saturated product of the 
action of aluminium chloride or sulphuric acid on (XIV). A large proportion of the indene 
was converted by the cyclising reagents into resinous substances of very high boiling point, 





from introducing a fourth name and adopt the term “ phenalene,’’ which leads to the least difficulty 
in naming derivatives. With the system of numbering indicated, our spiran (IV) is accordingly named 
7 : 8-dihydrophenalyl-7-spirocyclopentane. 

* Prof. L. Ruzicka has informed us privately that, when this reaction is carried out at the b. p. of 
carbon disulphide, chrysene is formed. In a paper shortly to be published in Helv. Chim. Acta, he 
suggests that the formation of chrysene is due to cyclisation to hexahydrochrysene, followed by dehydro- 
genation. In view of our experiment now recorded, it is clear that this view is untenable and that the 
chrysene is formed by direct cyclo-dehydrogenation of 1-f-phenylethylnaphthalene. That such a 
reaction is possible is shown by other experiments of Ruzicka, e.g., the conversion of dibenzyl into 
phenanthrene by the conditions which gave chrysene in the case under consideration. 
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as in the case of the conversion of 1-benzylcyclohexanol into hexahydrofluorene (Part I, 
loc. cit., p. 1109). In the earlier case et new ring is nas gs but in the present 
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case it is six-membered, so it is clear that an explanation of the resistance to ring closure 
must be sought in the strained nature of the cyclisation products rather than in any in- 
creased difficulty in forming a five-membered ring. Further examples of resistance to 
the formation of ring systems of hexahydrofluorene type will be described in a subsequent 
communication. 

The synthetic chrysofluorene was converted by oxidation into “ chrysene ketone ” 
(1 : 2-benzfluorenone), identical with a sample prepared by degradation of chrysenequinone 
(Graebe, Annalen, 1904, 335, 132). 

The ring system of 1 : 2-benzanthracene has also been prepared by our cyclisation 
method. For this purpose, 2-8-phenylethyl-trans-2-decalol was prepared from ¢rans-2- 
decalone, dehydrated with potassium hydrogen sulphate, and the product (XVI) cyclised 
with aluminium chloride. The higher-boiling fractions of the resulting mixture of hydro- 
carbons yielded the highly crystalline dodecahydro-1 : 2-benzanthracene (XVII), which was 
smoothly dehydrogenated by selenium to 1 : 2-benzanthracene. There was no evidence 
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of the formation of the 3 : 4-benzphenanthrene ring system, which might arise by cyclis- 
ation of 2-6-phenylethyl-A!:?-octalin (isomeric with XVI). The liquid fractions of the 
saturated tetracyclic compounds appeared to censist entirely of stereoisomerides of (XVII), 
for dehydrogenation yielded 1: 2-benzanthracene in considerable amount. The only 
other picrate-forming substance present in the dehydrogenation products was 5: 6:7 : 8- 
tetrahydro-1 : 2-benzanthracene (XVIII), the constitution of which was shown by its in- 
dependent synthesis by Kishner—Wolff reduction of the 5-keto-5 : 6:7 : 8-tetrahydro- 
1 : 2-benzanthracene of Haworth and Mavin (J., 1933, 1012). 

Selenium dehydrogenation of phenylethyloctalin (XVI) gave 2-8-phenylethylnaphthalene, 
which was also obtained by Kishner—Wolff reduction of 2-phenylacetylnaphthalene. 

In Part I we suggested that the hydrocarbon ‘“‘ C,,H,,”’ resulting from the selenium 
dehydrogenation of cholesteryl chloride (Diels, Gadke, and Kérding, Annalen, 1927, 459, 
1) was essentially 1 : 2-cyclopentenophenanthrene. The evidence for this was admittedly 
inconclusive, although there could be no doubt that the hydrocarbon obtained from 
cholesterol was very closely related to 1 : 2-cyclopentenophenanthrene. At our request, 
therefore, Professor O. Diels very kindly examined a specimen of our synthetic hydro- 
carbon to determine whether it could be converted into the characteristic nitrogenous 
compound which he had obtained from the cholesterol hydrocarbon. He reported that 
1 : 2-cyclopentenophenanthrene was unaffected under the usual conditions, and was 
converted into resinous products under more drastic conditions. Moreover, no cyclo- 
pentenophenanthrene was isolated from the liquors when the cholesterol hydrocarbon 
was converted into its nitrogenous derivative, which disposes of the possibility that the 
latter arises from an impurity contaminating cyclopentenophenanthrene. Therefore, in 
view of these results and of the crystallographic measurements of Bernal and Crowfoot 
(Chem. and Ind., 1933, 52, 729) we agree that the hydrocarbon from cholesterol cannot be 
1 : 2-cyclopentenophenanthrene. 

More recently, Bergmann and Hillemann (Ber., 1933, 66, 1302) synthesised 3’-methyl- 
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1 : 2-cyclopentenophenanthrene and showed that this also closely resembles the hydro- 
carbon from cholesterol. Kon (Report of Chemical Society Discussion, Chem. and Ind., 
1933, 52, 951) has stated that this methyl compound, which he synthesised by an adapt- 
ation of the method employed by us for the parent hydrocarbon, agrees in its crystallo- 
graphic dimensions with the cholesterol product. However, the figures quoted by Berg- 
mann and Hillemann showed a slight depression of the m. p. of the cholesterol hydrocarbon 
by 3’-methyl-1 : 2-cyclopentenophenanthrene, and before identity can be regarded as 
established we consider it essential that the synthetic substance should be converted into 
the nitrogenous compound already mentioned. 


(Addendum, February 16th, 1934.) 


Complete accounts of the experiments of Professor Diels and Dr. Kon have now been 
published (Diels and Klare, Ber., 1934, 67, 113; Harper, Kon, and Ruzicka, this vol., p. 
124). We have defined our general attitude towards their results, but deem it necessary 
to add the following observations concerning some details :— 

(i) The only facts which are of value in establishing the non-identity of the cholesterol 
hydrocarbon with 1 : 2-cyclopentenophenanthrene are the two which we have mentioned. 
The minor differences relating to crystalline form, solubility, extinction coefficients, fluores- 
cence, etc., have very little significance. For example, both Professor Diels and Dr. Kon 
lay stress on the fact that cyclopentenophenanthrene and the synthetic hydrocarbon of 
Bergmann and Hillemann crystallise in needles, whereas the cholesterol hydrocarbon and 
Kon’s synthetic 3’-methyl compound crystallise in plates. Although pure cyclopenteno- 
phenanthrene normally crystallises in needles, it will crystallise in plates from its concen- 
trated solution in warm alcohol, the plates passing into needles on cooling. If the hydro- 
carbon is slightly contaminated with chrysofluorene, it invariably crystallises in plates. 

(ii) Diels and Klare state that by repeated crystallisation from alcohol they raised the 
m. p. of our 1 : 2-cyclopentenophenanthrene to 137—138°, whereas we recorded 134-5— 
135°. As we informed Professor Diels at the time, the sample which we sent to him was 
not material of the best quality : it was recovered from the liquors of the crystallisation of 
the picrate. In view of this slight discrepancy we have re-examined our pure hydrocarbon 
regenerated from the constant-imelting picrate. Its m. p., determined with a short-stem 
standard thermometer, was 135—135-5°, and was completely unchanged after five recrystal- 
lisations from alcohol. 

(iii) In reply to Dr. Kon’s claim to priority for the type of method which we used for 
the synthesis of cyclopentenophenanthrene, on the ground that his experiments were com- 
pleted during July, 1933, we would point out that our preliminary note on the synthesis of 
this hydrocarbon was published on May 26th, 1933 (compare Part I, loc. cit.). 


EXPERIMENTAL. 
(Microanalyses by Dr. A. Schoeller are denoted by an asterisk.) 


Methyl 4-Nitrohemimellitate—(a) A mixture of 7: 8-dihydrophenalyl-7-spirocyclopentane 
(IV; 1-2 g.) (i.e., the tvans-1 : 2-cyclopentano-1 : 2 : 3 : 4-tetrahydrophenanthrene of J., 1933, 
1108), water (20 c.c.), and nitric acid (d, 1-42; 10 c.c.) was heated at 175—180° for 6 hours. 
The filtered solution was evaporated to dryness on the water-bath, the residue (0-95 g.) con- 
verted into silver salts in the usual manner, and the latter heated with methyl iodide (2 c.c.) 
in benzene (20 c.c.) for 24 hours. The benzene was removed from the filtered solution, and the 
resulting syrup was dissolved in a little alcohol and cooled. The crystalline ester (0-15 g.), 
twice recrystallised from methyl alcohol, formed long colourless needles, m. p. 143—144° 
[(*Found: C, 49-1; H, 4:0; N, 4:9; OMe, 30-8; M (Rast method), 320, 328. C,,.H,,O,N 
requires C, 48-5; H, 3-7; N, 4-6; OMe, 31:3%; M, 297). 

(b) 4-Nitronaphthalic acid (2 g.) was oxidised as described above with nitric acid (6 c.c.) 
diluted with water (6 c.c.). The crude mixture of methyl esters was dissolved in alcohol (20 
c.c.). After 24 hours the crystals were collected and recrystallised from methyl alcohol; they 
then melted at 143—144°, alone or mixed with the ester prepared as under (a). The yield was 
small. After several days the alcoholic mother-liquors had deposited a much larger amount 
of crystalline material, m. p. 83—85°. This was presumably chiefly methyl hemimellitate, 
but the m. p. could not be raised to the correct figure (100°) by recrystallisation. 
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1-(8-1'-Naphthylethyl)-A'-cyclohexene and its Cyclisation Products. 


1-(8-1'-Naphthylethyl)cyclohexanol.—This was prepared by interaction of cyclohexanone 
with §-1-naphthylethylmagnesium chloride, the conditions being exactly as described for the 
analogous experiment with cyclopentanone (J., 1933, 1107). The carbinol, b. p. 220°/7 mm. 
(48% yield), formed a viscous syrup which solidified when its solution in light petroleum was 
well cooled. After recrystallisation from light petroleum it formed a colourless powder, m. p. 
60—70° (*Found: C, 85-0; H, 8-9. C,,H,,O requires C, 85-0; H, 8-7%). 

Synthesis of Chrysene.—The aforesaid carbinol (2-4 g.) was heated at 100° for an hour with 
glacial acetic acid (25 c.c.) containing concentrated sulphuric acid (2-5 c.c.). The product 
was freed from acid and heated with selenium (3-5 g.) at 310—330° for 18 hours. The whole 
was then extracted with benzene, and the filtered solution concentrated. The chrysene (0-5 g.) 
which crystallised was sublimed in a vacuum and recrystallised from benzene; it then 
formed colourless leaflets, m. p. 248—249°, alone or mixed with authentic chrysene. The 
molecular compound with 2: 7-dinitroanthraquinone (from xylene) formed bright red needles, 
m. p. 297—298°, not depressed by a specimen prepared from authentic chrysene. 

1-(8-1'-Naphthylethyl)-A'-cyclohexene was obtained in 90% yield by heating the above 
carbinol with potassium hydrogen sulphate (1-5 parts) at 160° for an hour. A pure sample 
for analysis was obtained through the picrate (m. p. 87—91°), which, however, was not obtained 
pure on account of dissociation. The regenerated hydrocarbon was distilled in a vacuum 
over sodium, and then had b. p. 167—168°/3—4 mm., d?™ 1-0254, n®® 1-5993, [R,]p 78-74 
(calc., 78-60) (Found: C, 91-1; H, 8-1. C,gHgq requires C, 91-5; H, 8-5%). 

7 : 8-Dihydrophenalyl-7-spirocyclohexane (VII).—Anhydrous aluminium chloride (42 g.) 
was slowly added to an ice-cold solution of 1-(8-1’-naphthylethyl)-A'-cyclohexene (35 g.) in 
carbon disulphide (350 c.c.). After being kept in ice for 7 hours with occasional shaking, the 
clear dark red solution was poured off from the viscous resin, shaken with water, washed, and 
dried over calcium chloride, afd the carbon disulphide removed on the water-bath. The 
residue, which was completely saturated, was treated with picric acid in alcoholic solution; 
the picrate, twice recrystallised from alcohol, had m. p. 139—141-5° (18-5 g.).. 7: 8-Dihydro- 
phenalyl-7-spirocyclohexane (VII), regenerated from this picrate and distilled in a vacuum 
over sodium, formed a colourless thick syrup, b. p. 176—177°/5 mm., dz” 1-0809, n?* 1-6197, 
[Rz]p 76-70 (calc., 76-87) (Found: C, 91-6; H, 8-3. C gH, requires C, 91-5; H, 85%). This 
spiran crystallised after some months, and could then be recrystallised from alcohol, forming 
a colourless crystalline powder, m. p. 55—56°. The picraie, prepared from the pure hydrocarbon, 
crystallised from alcohol or benzene in bright vermilion needles, m. p. 141—142° (Found : 
N, 8-7. CygHyo,CgsH,;O,N; requires N, 9-0%). 

The hydrocarbon mixture recovered from the original picrate mother-liquors was heated 
with selenium (30 g.) at 300—320° for 48 hours and yielded 4-8 g. of chrysene. 

Conversion of 7 : 8-Dihydrophenalyl-7-spirocyclohexane into Pyrene.—This was effected by 
heating the spiran (5 g.) with selenium (10 g.) at 320—340° for 33 hours. Liberation of hydrogen 
selenide was brisk at 340°, but extremely sluggish below this temperature. The black tar so 
formed was extracted with benzene and distilled at 5 mm. The distillate (2-4 g.) formed a 
pale yellow syrup and was treated, in alcohol, with picric acid (2-5 g.). The picrates were twice 
recrystallised from benzene and yielded 0-15 g. of dark red needles, m. p. 212—215° after re- 
crystallisation from alcohol, not depressed by pyrene picrate (m. p. 223°) (Found: C, 61-6; 
H, 3-3. Calc.: C, 61-2; H, 30%). The hydrocarbon regenerated from this picrate formed 
colourless leaflets (from alcohol), m. p. 140—144°, not depressed by pyrene, but depressed by 
the 1-methylpyrene, m. p. 145°, obtained from the analogous dihydrophenalylspirocyclopentane 
(Found: C, 94-7; H, 5-2. Calc.: C, 95-0; H, 5-0%). The colour and fluorescence changes 
with sulphuric acid were identical with those shown by authentic pyrene and also by the 1- 
methylpyrene which was formerly erroneously termed 1 : 2-cyclopentadienophenanthrene. 

The benzene mother-liquors from which the pyrene picrate had crystallised were evaporated 
to dryness and the residue was twice recrystallised from alcohol. The resulting long vermilion 
needles had m. p. 140-5—141-5°, alone or mixed with the picrate of the original spiran. 

cis- and trans-as-Octahydrochrysenes (V1).—1-(8-1'-Naphthylethyl)-A’-cyclohexene (25 g.) 
was converted into saturated isomerides with aluminium chloride exactly as described above, 
and the distilled mixture of hydrocarbons (15 g.) treated with picric acid in alcohol. After 
separation of the picrate of the spiran (VII), the liquors were concentrated and gave a mixture 
of picrates which obviously contained an appreciable proportion of the picrate of the spiran. 
Further concentration of the liquors gave a picrate which, recrystallised thrice from methyl 
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alcohol, had m. p. 95—96°. This was decomposed with sodium carbonate solution, giving an 
oil which slowly crystallised. Two recrystallisations from alcohol gave 0-19 g. of pure ( ?)cis- 
as-octahydrochrysene (V1), which formed small colourless needles, m. p. 78—79° (*Found : C, 
91-25; H, 85. C,,Hg requires C, 91-5; H, 85%). The pure picrate, prepared in methyl- 
alcoholic solution (2 mols. of picric acid were used), formed orange needles, m. p. 106—106-5° 
(*Found : C, 71-5; H, 6-0; N, 6-0. 2C,,H_,C,H,;O,N, requires C, 71-85; H, 6-2; N, 6-0%). 

For dehydrogenation to chrysene, the pure hydrocarbon (50 mg.) was heated at 300—310° 
with selenium (0-1 g.) in an evacuated sealed tube for 7 hours. The product, which readily 
crystallised, was extracted with benzene, and the solution diluted with cyclohexane. The re- 
sulting crystals (10 mg.) were treated with 2: 7-dinitroanthraquinone (11 mg.), and the mole- 
cular compound was twice recrystallised from xylene, forming scarlet needles, m. p. 293—295°, 
not depressed by a sample prepared from authentic chrysene. 

The mother-liquors from which had been separated the above crude picrate (m. p. 95—96°) 
were then freed from picric acid. The resulting oil slowly deposited crystals, which were drained 
on a tile and twice recrystallised from methyl alcohol. The product (m. p. 105—110°) gave 
no picrate, but crystallised from methyl-alcoholic picric acid as the hydrocarbon, a further 
crystallisation from methyl alcohol giving (?)trans-as-octahydrochrysene (VI; 40 mg.), small 
colourless needles, m. p. 114—114-5° (Found: C, 91-2; H, 85%). The methyl-alcoholic 
picric acid mother-liquors deposited, on standing, 60 mg. of the picrate of the (?)cis- 
isomeride. 

Dehydrogenation of the pure (?)ivans-hydrocarbon (33 mg.) was effected by heating in an 
evacuated sealed tube with selenium (70 mg.) at 300—310° for 14 hours. The resulting chrysene 
(6 mg.) was identified by conversion into the 2 : 7-dinitroanthraquinone compound. 

9-Phenalone.—A mixture of §-l-naphthylpropionic acid (10 g.) and anhydrous stannic 
chloride (15 c.c.) was heated at 120° for 3 hours. After cooling, the almost colourless clear 
liquid was decanted, and the dark brown solid mass was washed with water and dissolved in 
acetone. The solution was diluted with benzene, extracted several times with dilute hydro- 
chloric acid to remove acetone and tin salts, and then extracted five times with concentrated 
hydrochloric acid (portions of 50 c.c.). The deep orange-red acid solution was diluted with 
water, and the crystalline precipitate collected (4 g.), washed, dried, and sublimed at 180°/3—4 
mm. The sublimate was recrystallised from cyclohexane, the resulting 9-phenalone (XII) 
forming canary-yellow crystals, m. p. 153—154° (*Found: C, 86-8; H, 4:5. Calc.: C, 86-6; 
H, 4.5%). This ketone gave a yellow solution with an intense green fluorescence in concen- 
trated sulphuric acid, and yielded a purple dye when heated with methyl-alcoholic potassium 
hydroxide (compare D.R.-P. 283,066). 

The benzene solution, after extraction of the phenalone, was shaken with dilute sodium 
carbonate solution, which removed 0-4 g. of unchanged acid, and then dried and distilled. 
The distillate, b. p. approx. 175°/3—4 mm., was dissolved in ligroin, and the solution cooled, 
The crystalline product (0-4 g.), recrystallised from ligroin and then from methyl alcohol, 
formed colourless needles, m. p. 120—121° (*Found: C, 85-65; H, 5-5. C,sH,)O requires 
C, 85-7; H, 55%). This ketone (7 : 8-dihydro-9-phenalone or 4: 5-benz-l-hydrindone) gave a 
yellow solution with a green fluorescence in concentrated sulphuric acid, and formed an oxime 
which crystallised from alcohol in colourless rhombic crystals, m. p. 226—227° (slight decomp.) 
(*Found : C, 79-2; H, 5-5; N, 6-8. C,,;H,,ON requires C, 79-1; H, 5-6; N, 7-1%). 


Attempted Synthesis of Hexahydrochrysene. 


y-Phenylbutyric acid was prepared by reduction with sodium and alcohol of the mixture 
of phenylcrotonic acids arising from the condensation of phenylacetaldehyde with malonic 
acid (Vorlander, Annalen, 1906, 345, 244), and was dehydrated to «-tetralone by heating with 
95% sulphuric acid at 100° for an hour (yield, 27%). More recently, Horne and Shriner 
(J. Amer. Chem, Soc., 1933, 55, 4653) obtained a 48-7% yield of this ketone by the use of con- 
centrated sulphuric acid at 100° for dehydration. 

1-8-Phenylethyl-3 : 4-dihydronaphthalene (XIII).—a-Tetralone (17 g.) was added to an ice- 
cold Grignard solution prepared by the gradual addition of 8-phenylethyl chloride (17 g.) in 
anhydrous ether (100 c.c.) to magnesium turnings (3 g.), activated with iodine. After 1} hours 
at room temperature, the mixture was treated with ammonium chloride and water, and the 
washed ethereal solution evaporated to dryness on the water-bath. The crude liquid carbinol 
was heated for an hour at 160° with potassium hydrogen sulphate (30 g.), and the product 
fractionally distilled in a vacuum, The dialin (XIII) formed a colourless liquid, b. p. 209— 
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212°/16 mm. (yield, 10 g.), a sample for analysis being redistilled over sodium (Found: C, 
91-5; H, 7-7. C,,H,, requires C, 92-3; H, 7-7%). 

1-8-Phenylethylnaphthalene.—(a) An ice-cold solution of the dialin (XIII; 8 g.) in carbon 
disulphide (80 c.c.) was slowly treated with anhydrous aluminium chloride (10 g.). After 
being kept in ice for 6 hours with occasional shaking, a test sample was shown to be completely 
saturated, and the clear solution was therefore decanted and worked up in the usual way, 
yielding 4-3 g. of a viscous liquid, b. p. 218—220°/18 mm. The amount of chrysene obtained 
by dehydrogenation with selenium showed that the proportion of hexahydrochrysene in this 
product could not exceed 1%. Addition of picric acid to an alcoholic solution of the fore- 
going liquid resulted in crystallisation of the dipicrate of 1-8-phenylethylnaphthalene, orange 
needles, m. p. 116—117° (*Found: C, 52-2; H, 3-2. C,,H4¢,2CsH,;0O,N, requires C, 52-2; 
H, 3:2%). 1-8-Phenylethylnaphthalene, regenerated from the pure picrate and distilled over 
sodium, formed a colourless viscous liquid, b. p. 175°/5 mm. (Found : C, 93-0; H, 7-0. C,gHi, 
requires C, 93-05; H, 6-95%). 

(b) Pure 1-phenylacetylnaphthalene, m. p. 66° (see below; 2-3 g.), was boiled under reflux 
for 5 hours with amalgamated zinc (5 g.) and dilute hydrochloric acid (1:1; 20c.c.), concentrated 
hydrochloric acid (2 c.c.) being added after each hour. The product was extracted, dried in 
ethereal solution, and distilled, and gave a colourless syrup (0-6 g.) which yielded a picrate, 
m. p. 117—118°, alone or mixed with the picrate prepared as described under (a). 


Synthesis of Pyrene. 


1 : 2-Dihydrophenanthryl-4-acetic Acid (IX).—A mixture of 4-keto-1 : 2: 3: 4-tetrahydro- 
phenanthrene (39 g.), ethyl bromoacetate (33-4 g.), zinc filings (13 g.), and dry benzene (150 
c.c.) was heated on the water-bath for 24 hours, iodine being used to activate the zinc. The 
dark brown product was poured on ice, and the benzene layer washed with 15% sulphuric acid 
and then with water. After removal of the benzene on the water-bath, the resinous product 
was heated for 2 hours with potassium hydroxide (12 g.) in methyl alcohol (150 c.c.)._ Dilution 
with water precipitated 17 g. of unchanged ketone. The filtered solution was acidified, and 
the resinous precipitate recrystallised four times from acetic acid, yielding 4 g. of somewhat 
pinkish crystals, m. p. 173—174° (Found: C, 81-0; H, 5-8. C,,H,,O, requires C, 80-7; H, 
5-8%). This acid probably has structure (IX), although the alternative structure with an 
extracyclic double bond is not excluded. 

5-Keto-1 : 2: 4: 5-tetrahydropyrene (X).—The foregoing acid (1-9 g.) was heated on the 
water-bath for } hour with 85% sulphuric acid (10 c.c.), and the solution was cooled, diluted 
with water, and extracted with ether. The ethereal extract was washed with water and dilute 
aqueous ammonia, and dried, and the ether removed. The ketone (X) crystallised from methyl 
alcohol in yellow plates (0-7 g.), m. p. 130—130-5° (Found : C, 87-0; H, 5-4. C,gH,,O requires 
C, 87-2; H, 5-5%). 

Pyrene.—The cyclic ketone (0-7 g.) was reduced with sodium (0-3 g.) in boiling amyl alcohol 
(12 c.c.), and the product heated with selenium (0-5 g.) at 330—340° for 7hours. The crystalline 
product was sublimed in a vacuum, and the sublimate converted into picrate in alcoholic solu- 
tion. Recrystallisation from benzene gave dark red needles, m. p. 215—218°, not depressed by 
pyrene picrate, and the regenerated hydrocarbon crystallised from alcohol in colourless leaflets, 
m. p. 142—144°, not depressed by authentic pyrene. 


Chrysofluorene (1 : 2-Benzfluorene). 


3-8-Phenylethylindene (X1V).—The condensation between a-hydrindone (26 g.) and a Grig- 
nard solution prepared from @-phenylethyl chloride (31 g.), ether (200 c.c.), and magnesium 
(5-3 g.) was effected in the customary way. The main product (19-3 g.), b. p. approx. 165°/3— 
4 mm., seemed to be largely the indene (XIV), and was heated with potassium hydrogen sulphate 
(1} parts) at 160° to ensure complete dehydration of the intermediate carbinol. A sample of 
3-8-phenylethylindene was twice redistilled and then had b. p. 186°/9 mm. and njf* 1-5987 
(Found: C, 92-4; H, 7-3. C,,H,, requires C, 92-7; H, 7-3%). 

Tetrahydrochrysofluorene and Chrysofluorene.—(a) When 3-$-phenylethylindene (15 g.) in 
carbon disulphide (150 c.c.) was treated at 0° for 16 hours with anhydrous aluminium chloride 
(16 g.) there were obtained only 2-7 g. of the tetracyclic isomeride, b. p. 176°/8 mm., nj” 
1-5910, the remainder being converted into resinous products of very high b. p. Tetrahydro- 
chrysoftuorene formed a colourless liquid which had not crystallised after several weeks (Found : 
C, 92-7; H, 7-5. C,,H,, requires C, 92-7; H, 7-3%). 
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This liquid (2 g.) was heated with selenium (2-5 g.) at 300° for 16 hours, and then at 330— 
340° for 14 hours. The product was distilled in a vacuum, and the semicrystalline distillate 
dissolved in hot acetic acid. On cooling, 0-36 g. of chrysofluorene (XV) crystallised, and had 
m, p. 183—184° (lit., 188°) after two recrystallisations from acetic acid (*Found: C, 94-6; 
H, 5-6, Calc.: C, 94-4; H, 5-6%). Oxidation with sodium dichromate in boiling acetic acid 
gave chrysene ketone (1: 2-benzfluorenone), red needles, m. p. 131—132°, alone or mixed 
with an authentic specimen prepared from chrysenequinone. 

(b) Cyclisation of 3-8-phenylethylindene (5 g.) by heating on the water-bath for an hour 
with acetic acid (45 c.c.) containing concentrated sulphuric acid (5 c.c.) gave substantially the 
same result. The saturated isomeride (0-8 g.) was dehydrogenated by selenium, and the re- 
sulting chrysdfluorene, m. p. 183—184-5°, converted into its picrate, m. p. 124—126° (lit., 
127-5°). 

Derivatives of 1: 2-Benzanthracene. 

2-8-Phenylethyl-trans-2-decalol.—This was obtained in the usual way from tvans-8-decalone 
(45 g.) and a Grignard solution prepared from $-phenylethyl chloride (42 g.). The resulting 
colourless syrup (43 g.), b. p. 193—194°/5—6 mm., crystallised completely after several days. 
For analysis, a sample of this carbinol was redistilled and crystallised from light petroleum, 
from which it separated slowly as a colourless microcrystalline powder, m. p. 54—59° (Found : 
C, 83-6; H, 10-05. C,,H,,O requires C, 83-7; H, 10-15%). In this case, treatment with 
sulphuric acid in acetic acid was not a suitable procedure for ring closure, for the yield of hydro- 
carbon was poor (3-7 g. from 10 g. of carbinol) and the product was appreciably unsaturated. 
Dodecahydro-1 : 2-benzanthracenes were, however, present in the products, for selenium 
dehydrogenation gave 1-1 g. of pure 1: 2-benzanthracene, identified by mixed m. p., colour 
reaction with sulphuric acid, and oxidation to 1 : 2-benzanthraquinone. 

2-8-Phenylethyl-A**3-octalin (XV1).—The distilled, but not recrystallised, carbinol was 
dehydrated by heating with potassium hydrogen sulphate (2 parts) at 170—180° for 2 hours. 
The dehydration proceeded with less facility than in other cases. An intermediate fraction of 
the product was redistilled over sodium. The octalin (XVI) had b. p. 155°/3—4 mm., nj$” 
1-5402, and absorbed the amount of bromine required for one double bond (Found: C, 89-6; 
H, 10-0. C,,H,, requires C, 89-9; H, 10-1%). 

Dodecahydro-1 : 2-benzanthracene (XVII).—The §-phenylethyloctalin (XVI; 35 g.) was 
treated in the normal way with aluminium chloride (44 g.) in carbon disulphide (350 c.c.). 
After being kept in ice for 4 hours and then over-night at room temperature, the completely 
saturated product was worked up and distilled at 4—5 mm. into 3 fractions: (I) b. p. 158— 
160° (13-8 g.); (II) b. p. 160—170° (6-3 g.); (III) b. p. 175—179° (11-6 g.). Fraction I wasa 
colourless syrup which deposited some long needles after several days. Fraction II crystallised 
slowly, whereas fraction III crystallised very rapidly. Fractions II and III were combined, 
and the crystals drained free from oil. Recrystallisation from methyl alcohol gave 4 g. of 
dodecahydro-1 : 2-benzanthracene (XVII), a further 1 g. being obtained subsequently from 
fraction I. The pure hydrocarbon formed long colourless needles, m. p. 71—72° (Found: C, 
90-0; H, 10-2. C,,H,, requires C, 89-9; H, 10-1%). Dehydrogenation with selenium (2 
parts) at 320—330° gave pure 1 : 2-benzanthracene in 50% yield. 

After standing for a week, the liquid portion of fraction I was separated from crystals and 
redistilled over sodium. Analysis of an intermediate fraction, b. p. 158—160°/3—4 mm., 
showed that this contained only isomerides of dodecahydro-1 : 2-benzanthracene (Found : 
C, 89-9; H, 10-1%). This liquid (7-2 g.) was heated with selenium (16 g.) at 300—320° for 
48 hours. . The product was extracted with benzene, and the filtered solution concentrated and 
treated with alcohol. 1: 2-Benzanthracene (2-1 g.) crystallised. The mother-liquors were 
freed from benzene, dissolved in xylene (50 c.c.), and heated under reflux for an hour with maleic 
anhydride (5 g.) in order to remove the remainder of the 1 : 2-benzanthracene. The unattacked 
material (2-5 g.) was recovered by removal of the xylene in steam in presence of excess of alkali, 
and was treated with picric acid (2-5 g.) in alcohol. The resulting picrate (0-75 g.) formed 
orange needles, m. p. 155° (*Found: C, 62-65; H, 4:1. C,gsH.¢,CgH,0,N, requires C, 62-7; 
H, 3:7%). Treatment with sodium carbonate solution led to a hydrocarbon which separated 
from alcohol in colourless plates, m. p. 89—90° (*Found: C, 93-2; H, 6-9. C,,Hi. requires 
C, 93-05; H, 695%). When it was first obtained it was thought that this hydrocarbon was 
2-8-phenylethylnaphthalene, with which it is isomeric. This was shown to be incorrect by 
the formation of a different compound by reduction of 2-phenylacetylnaphthalene (below). 
The true nature of the hydrocarbon just described was shown by (a) its dehydrogenation by 
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selenium to 1: 2-benzanthracene, and (b) the formation of the same 5: 6: 7 : 8-tetrahydro- 
1 : 2-benzanthracene (XVIII) by reduction of its 5-keto-derivative (Haworth and Mavin, /oc. 
cit.). For this purpose, the ketone was converted into its semicarbazone in boiling aqueous- 
alcoholic solution, and the semicarbazone (m. p. 283—284°; 1-5 g.) heated at 175—180° for 
3 hours with a solution of sodium ethoxide (1-5 g. of sodium in 25 c.c. of alcohol). Some semi- 
carbazone remained unattacked, but was readily separated by its sparing solubility in alcohol. 
The alcoholic extract yielded a picrate identical with that obtained by dehydrogenation of the 
mixture of dodecahydrobenzanthracenes, the identification being completed by the isolation 
of the hydrocarbon from its pure picrate. 

In another experiment the crude mixture of dodecahydrobenzanthracenes (8-7 g.) formed 
by aluminium chloride cyclisation of phenylethyloctalin gave 3-1 g. of 1: 2-benzanthracene 
and 1-9 g. of the picrate of 5: 6: 7: 8-tetrahydro-1 : 2-benzanthracene. There was no indication 
of the presence in the liquors of 3: 4-benzphenanthrene picrate, which forms characteristic 
bright red needles (Cook, J., 1931, 2528). 


1- and 2-Phenylacetylnaphthalenes. 


The Friedel-Crafts condensation between naphthalene (50 g.) and phenylacetyl chloride 
(60 g.) by means of anhydrous aluminium chloride (100 g.) was effected in carbon disulphide 
(400 c.c.) at 0° (compare Graebe and Bungener, /oc. cit.). The product was distilled in a vacuum 
(b. p. 220—221°/3—4 mm.) and recrystallised from methyl alcohol, giving 45 g. of colourless 
plates, m. p. 55—58°. This material (7-5 g.) gave 1-8 g. of the semicarbazone of 2-pheny!- 
acetylnaphthalene, showing the presence of at least 20% of the 8-naphthyl ketone in the mixture. 

Separation of Isomerides—The mixture of ketones (10 g.) was treated with picric acid 
(10 g.) in hot alcoholic solution. The crystals which separated were recrystallised from alcohol 
and collected while still warm. An additional crystallisation gave the pure picraie of 
2-phenylacetylnaphthalene, pale lemon-yellow needles, m. p. 143—144° (*Found: N, 8-7. 
C,,H,,0,C,H,;O,N, requires N, 88%). The regenerated ketone, recrystallised from methyl 
alcohol, had m. p. 99—100°, alone or mixed with authentic 2-phenylacetylnaphthalene (Cook, 
J., 1931, 2015). Its semicarbazone separated from alcohol, in which it was very sparingly 
soluble, in small colourless crystals, m. p. 203—205° (*Found: N, 13-4. C,,H,,ON, requires 
N, 13-9%). 

The picrates which separated from the liquors were recrystallised from alcohol, giving the 
picrate of 1-phenylacetylnaphthalene, canary-yellow needles, m. p. 99—-100° (*Found : N, 8-7%). 
I'rom this was ‘obtained pure 1-phenylacetylnaphthalene in large colourless plates (from methyl 
alcohol), m. p. 66—67° (Found: C, 87-7; H, 5-8. C,,H,,O requires C, 87-8; H, 5-7%). The 
easily soluble semicarbazone of this ketone formed small colourless crystals (from alcohol), m. p. 
162—163° (*Found: N, 13-5%). 

2-8-Phenylethylnaphthalene.—(a) 2-Phenylacetylnaphthalene semicarbazone (1-65 g.) was 
heated at 180—190° for 6 hours with a solution of sodium ethoxide (1-65 g. of sodium in 20 c.c. 
of alcohol). The whole was diluted with water, and the crystalline product collected and twice 
recrystallised from alcohol. 2-8-Phenylethylnaphthalene formed colourless microscopic needles, 
m. p. 99—100° (Found: C, 93-2; H, 6-9. C,,H,, requires C, 93-05; H, 6-95%). Its picrate 
was too readily dissociated to be obtained pure. 

(b) The same hydrocarbon was obtained by selenium dehydrogenation of 2-8-phenylethyl- 
A**3-octalin (XVI), the crude product being purified through the picrate. 


SUMMARY. 


(1) A detailed study has been made of the cyclisation of 1-(8-1’-naphthylethyl)-A!- 
cyclopentene and 1-(8-1’-naphthylethyl)-A!-cyclohexene and the nature of the products 
has been elucidated. 

(2) One of the principal products in each case is a spiran which undergoes a rearrange- 
ment during selenium dehydrogenation. This emphasises the caution necessary when 
assigning structures to compounds on the basis of their selenium dehydrogenation 
products. 

(3) The cyclisation of suitable unsaturated compounds containing an aromatic nucleus 
has been shown to be applicable also for the synthesis of hydroaromatic compounds con- 
taining the ring systems of chrysene, chrysofluorene, and 1 : 2-benzanthracene. 

(4) Considerable resistance to ring formation is offered when the new ring system con- 
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tains a hydrogenated six-membered ring fused to the five-membered ring of the hydrindene 
system. 

(5) The method fails when the unsaturated compound to be cyclised is of the dihydro- 
aromatic type, in which case simple dehydrogenation occurs. 


We are again much indebted to Dr. W. V. Mayneord and Miss E. Roe for the optical data, 
and to Mr. F. Goulden for very valuable assistance in the preparation of material. 


THE RESEARCH INSTITUTE OF THE CANCER HOSPITAL (FREE), 
Lonpon, S.W. 3. [Received, January 12th, 1934.] 





NOTES. 


2-Hydroxy-6-methoxy-4-methylquinoline. By O. G. BACKEBERG and W. O. KERMACK,. 


THE m. p.’s given in the literature for the above compound are: 253° (Rabe, Ber., 1931, 64, 
2492), 268° (Monti and Verona, Gazzetta, 1932, 62, 14), 255° (Kermack and Muir, J., 1933, 302), 
and 272° (Backeberg, J., 1933, 1031); and Kermack and Muir obtained a compound, m. p. 
271°, from their 2-hydroxy-6-methoxy-4-methylquinoline by conversion through the 2-chloro- 
compound into 2: 6-dimethoxy (or 6-methoxy-2-ethoxy)-4-methylquinoline, followed by 
removal of the 2-methyl (or ethyl) group. Further investigation has shown that the com- 
pound, m. p. 255° (unsharp), has its m. p. gradually raised by repeated crystallisation, though 
it still melts significautly below 272° and somewhat indefinitely, with decomposition. The 
latter circumstance renders the results of mixed m. p. determinations somewhat uncertain, 
We consider that the most probable explanation is that the true m. p. of 2-hydroxy-6-methoxy- 
4-methylquinoline is 272° (uncorr.) and that the compounds obtained by Rabe, Monti and 
Verona, and Kermack and Muir contain some tenacious impurity. [Received, February 12th, 
1934.] 





The Reaction of Ethyl Sodioacetoacetate and Tetramethylene Dibromide. By LrEonarp J. 
GOLDSWORTHY. 


TuE action of ethyl sodioacetoacetate upon tetramethylene dibromide is similar to that upon 
a3-dibromopentane, Be-dibromohexane, or o-xylylene dibromide (W. H. Perkin, jun., J., 1888, 
53, 187; Solonina, J. Russ. Phys. Chem. Soc., 1904, 36, 947, 1209) in that the main product is 
a cyclopentane derivative : 


2CHNaAc‘CO,EFt + (CH,),Br, = wa CH CAC COLE 4 CH,Ac‘CO,Et + 2NaBr. 


The constitution of the product follows from its conversion (a) into ethyl cyclopentanecarb- 
oxylate and ethyl acetate, and (b) into cyclopentyl methyl ketone. 

Tetramethylene dibromide (43-6 g.) and ethyl acetoacetate (52-0 g.) were added to a 
solution of sodium (9-2 g.) in dry alcohol (128 c.c.) and heated in a sealed bottle at 100° for 8 
hours; the alcohol was then distilled off, and the residue mixed with water. The oil extracted 
by ether, twice distilled under diminished pressure, gave (1) ethyl acetoacetate below 100°/ 
30 mm., (2) ethyl l-acetylcyclopentane-l-carboxylate at 120—128°/30 mm., b. p. 125—127°/ 
30 mm. on redistillation (Found: C, 63-8; H, 8-6. Calc. for CyjH,,O,: C, 65-2; H, 8-7%)* 
and (3) a small quantity of a yellow oil at 200—205° /30 mm., which was not further investigated. 

(a) The ketonic ester (10 g.) was heated on a water-bath for 2 hours with sodium (0-2 g.) 
dissolved in absolute alcohol (10 c.c.), From the cold reaction mixture, diluted with water 
and neutralised with dilute hydrochloric acid, ether extracted an oil, which was separated by 
distillation into ethyl acetate and an ester having a characteristic rancid odour, b. p. 171—172°/ 
760 mm, (Found: C, 67-1; H, 9-9. Calc. for C,H,,0O,: C, 67-6; H, 9-9%). Hydrolysis of 
this ester gave cyclopentanecarboxylic acid, b. p. 214—215°/760 mm., which had a strong 
rancid odour of perspiration (cf. Wislicenus, Annalen, 1898, 278, 337) (0-7760 g. of the silver 
salt gave 0-3790 g. Ag. Calc. for C,H,O,Ag, 0-3792 g.). 

(b) The ketonic ester (19-5 g.) was refluxed for 24 hours with a considerable excess of potash 


* The low value for carbon suggests that the substance, like the corresponding compound prepared 
by Perkin (loc. cit.) from dibromopentane, contained bromine. 
cc 
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(19 g.) in alcohol (150 c.c.), two-thirds of the alcohol then distilled off, the residue refluxed for 
3 hours, the bulk of the alcohol finally removed, saturated brine added, and the ketone extracted 
with ether. The oil obtained from the extract distilled at 150—160°/760 mm. and yielded 
nearly 4 g. of a colourless oil, b. p. 153—155°/760 mm., on redistillation. The semicarbazone, 
prepared from the ketone and a slight excess of equivalent amounts of semicarbazide and 
sodium acetate in saturated solution, alcohol just sufficient to clear the solution being finally 
added, rapidly separated; m. p. 145° after recrystallisation from acetone (Found: N, 24-5. 
C,H,,ON, requires N, 24-8%).—UNIVERSITY COLLEGE, RANGOON, BurMA. [Received, February 
12th, 1934.] 





89. The Mechanism of Activated Diffusion through Silica Glass. 
By RIcHARD M. BARRER. 


VARIOUS observers have found that silica glass is permeable to gases, and that the diffusion 
rate increases exponentially with the temperature (e.g., Williams and Fergusson, J. Amer. 
Chem. Soc., 1922, 44, 2160; van Voorhis, Physical Rev., 1925, 23, 557; T’Sai and Hogness, 
J. Physical Chem., 1932, 37, 2595). Alty (Phil. Mag., 1933, 15, 1035) applied the theoretical 
treatment of Lennard-Jones (Trans. Faraday Soc., 1932, 28, 333) to the problem, recognis- 
ing the diffusion to be of the type recently found by a number of workers in this laboratory 
(Dunn, Proc. Roy. Soc., 1926, 111, 210; Wilkins and Rideal, ibid., 1930, 128, 394; Ward, 
ibid., 1931, 188, 513). In these communications it was shown that gases could diffuse 
along inter-crystalline boundaries or at higher temperatures through a crystal lattice. 
Diffusion obeyed Fick’s law, and also the van ’t Hoff isochore in that the diffusion process 
(velocity D) couid be regarded as possessing a definite energy of activation E: 0 log D/eT = 
E/RT?. 

Inter- and intra-crystalline diffusion possess different activation energies; e.g., for 
oxygen-—cuprous oxide the activation energies are respectively 9,200 and 15,200 cals. /g.- 
mol. Lennard-Jones (loc. cit.) observed that different energies of activation would be 
anticipated for gases which are held to the surface by van der Waals forces, or by chemical 
forces, an electron switch having occurred in the latter case. 

It is not clear in the gas-solid systems so far investigated which type of interaction 
has occurred, but in silica and silicate glasses there is every possibility of deciding between 
them, since the energetics of the migration of the rare gases may be used as standards of 
comparison, chemisorption being impossible. This investigation was designed to deter- 
mine the mechanism of interaction and migration, and also to find the relative velocities 
and the activation energies for various common gases. 


A pparaitus.—The permeability of silica glass to various gases was followed by allowing gas 
to diffuse from an annular space into an internal silica vessel. The bulb used is shown diagram- 
matically in Fig. 1. 

On all ground joints and taps Apiezon grease was employed. Ground joints near the 
furnace were water-cooled. The internal silica vessel and outer annular space were connected 
to mercury diffusion pumps and toa Hyvac pump. The furnace was made by winding nichrome 
about a central core and lagging with kieselguhr. Its length (about 1} feet) enabled one to 
obtain a zone of constant temperature at its centre. By suitable series and series—parallel 
arrangements of resistances and regulating lamps, the total resistance of the furnace circuit 
was maintained constant, and any current required could be sent through it. The total current 
was maintained constant, and the furnace thermostatically controlled by iron-filament lamps. 
Any required temperature from about 100° to the fusion point of nichrome could thus be kept 
constant to within 1%. Temperatures were measured by means of a platinum—platinum- 
rhodium thermocouple, calibrated by observations of E.M.F. in metal-baths at their melting 
points. Pressure readings were taken by means of a McLeod gauge. 

A good-quality silica glass was supplied by the British Thermal Syndicate. Hydrogen 
was generated electrolytically, and purified by passage over calcium chloride, palladium-coated 
copper at 340°, and phosphoric oxide. It was stored for use in large bulbs containing phosphoric 
oxide. For the diffusion experiments with air, the laboratory air was used without preliminary 
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purification, the double-walled vessel was dispensed with, and a single-walled vessel employed. 
Nitrogen, argon, and oxygen were obtained from cylinders, and purified by passage through 
glass-wool, cotton-wool (to remove dust), soda—lime, and phosphoric oxide. 

The silica vessel used for air possessed a diffusing surface of about 120 cm.* and a thickness 
of 1-25 mm.; that used for hydrogen, nitrogen, and other gases had an area of ca. 80 cm.? and 
a similar thickness of wall. In each case the gas diffused into a volume of 500 c.c. Since the 
external pressure was always about one atmosphere and the internal pressure small, the rate 
of leak at any one temperature was constant. 

Results for a typical experiment with hydrogen were as follows: Temp., 713°; external 


press., 60-89 cm. ; 


Time (mins.) 65 114 131 
Internal press. (cm. x 107%) , 12-0 19°7 24°6 


Results.—In the following results, it will be observed that for some gases there is an increase 
in the energy of activation as the silica ‘‘ ages’; and further experiments were conducted to 
find the reason for these effects. 
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Hydrogen. Velocities of diffusion were measured at temperatures from 193° to 940°. The 
rate of diffusion is easily measurable at the lower temperature, although it is generally stated 
that permeability does not commence until nearly 300°. Diffusion of helium has been detected 
even at — 100° (see, e.g., Burton, Braaten, and Wilhelm, Canadian J. Res., 1933, 21, 497). 

The diffusion velocity was found by Wiistner (Ann. Physik, 1915, 46, 1095) and by Williams 
and Fergusson (/oc. cit.) to be proportional to pressure, as with helium (Burton, Braaten, and 
Wilhelm, Joc. cit.). Several experiments with hydrogen at pressures of 61, 37, 26, and 12 cm. 
confirmed this result, which does not necessarily imply that hydrogen diffused as undissociated 
molecules. In the cases of air, oxygen, nitrogen, and argon, it was assumed that the same 
relationship held. 


TABLE I. 


[Rate = #(cm.)//(mins.) here and throughout.] 
865° 833° 800° 676° 580° 496° 408° 378° 290° 193° *579° *713° *940° 
Rate x 104 412 365 3:17 158 0-92 0°50 0°30 0°185 0-062 0-013 0°87 2:34 5°75 
* These determinations show the negligible effect of long heating upon the permeability of silica 
glass towards hydrogen. 


Diffusion rates of hydrogen at 76 cm. pressure at a number of temperatures are summarised 
in Table I, the order being that in which they were determined, and the energy of activation 
was calculated from the graph in Fig. 2 to be as follows : 
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° 


Temp. range 627—865° 579—940 
Energy (cals. /g.-mol.) 10,900 (before prolonged heating) 10,800 (after prolonged heating) 


Fig. 2 shows a deviation from the exponential form at low temperatures (Alty, Joc. cit.). 

Air, The measurements of diffusion of laboratory air are summarised in Table II. Assum- 
ing for the moment the validity of the theory of activated diffusion, and adopting the nomen- 
clature of Alty (/oc. cit.), one has for each gas in a mixture 


w= Bpe~We+ ERT 


(u = permeability; B=a constant; Wg, + Ey = activation energy for diffusion = term 
due to overlapping fields +- term proportional to heat of adsorption). For air, a binary mix- 
ture, one measures 

H = wo, + un, = Bo,po,e~(M 0st Feo/R? + By pye Woma + Foxy R? 


which will not generally give a straight line when log p is plotted against the reciprocal of the 
absolute temperature; in fact, the relevant curve is not linear even at high temperatures, but 
this result is due, not to the above mixture law, but to the effects of prolonged heating, as may 
be seen by comparing measurements 12, 11, and 10 with 3, 1, and 6, respectively, and from 
Fig. 3: the flowing curve is drawn as far as possible through points obtained in consecutive 


measurements. 
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TABLE II. 
2 3 4 5 6 7 8 9 10 11 12 
Pp 715° 846° 884° 917° 678° 422° 796° 732° 632° 566° 826° 920° 
Rate x 105... O51 41:00 1:18 1°30 0-184 0°028 0-712 0°44 0-056 0-010 0-60 1-12 
With decreasing velocity there is evidence of increased activation energy. 
From the data, the following apparent activation energies are calculated; they should lie 
between those for nitrogen and oxygen. 


EE ED. eistincninnsvrciniianaeens ll and 12 
Energy (cals. /g.-mol.) 22,000 


Helium. Our results in the range from room temperature to 936° are given below in the 
order in which they were made. The external pressure was 76 cm. All the points fall on 


Temp. 849° 756° 613° 516° 281° 17° 262° 473° 668° 883° 936° 
454 3°82 2°36 1:55 0318 0°0035 0308 110 2°66 460 5:20 


the straight line of Fig. 4 or on this line produced. It appears that, as for hydrogen, the value 
of the activation energy is a fundamental constant for the diffusion process through silica 
glass, a value which is altered only by increasing silicate content in a glass and not by prolonged 
heating, as shown by the last five measurements (see also Table III). The graph in Fig. 4 
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gives the activation energy for diffusion as 5,780, in agreement with the calculations of Alty 
from the data of T’Sai and Hogness (5,560 cals./g.-mol.). There is no decrease of the energy 
at the lowest temperatures (17° and 262°) as noted with hydrogen on a fresh silica surface. 

Nitrogen. A series of measurements was made with cylinder nitrogen, and the same silica 
vessel which had been used for the run with hydrogen. Although the latter gas had shown 
no decrease in permeability in this vessel, yet for nitrogen, the rates, initially comparable with 
those for air, decreased even more rapidly than those for air with time of heating. The external 
pressure was 76 cm. 
Measurement no. ... 1 2 3 4 5 6 7 8 
Temp. 850° *752° 752° 648° #9.45° 850°  *940° 
Rate x 105 1-00 0°47 0-203 0-119 0°041 0°48 0°135 0°26 

* Figures showing decrease in permeability as heating proceeded. 


Owing to the falling rate, the activation energies can be calculated only from consecutive 
measurements; nos. 1 and 2 give 22,100 
cals. /g.-mol., and the mean of nos. 6, 7 
and 7, 8 is 29,900 cals./g.-mol. As for 
air, there seemed to be a definite increase : . : 
in the energy of activation as the period Diffusion of helium 
of heating of the silica glass was pro- 
longed. 

Although it is not possible to represent 
the foregoing results in the usual graphical 
form, the data of Johnson and Burt (/. 
Opt. Soc. Amer., 1922, 6, 734), who appar- 
ently did not encounter decreasing per- 
meabilities, show that the exponential 
temperature coefficient obtains with pre- 
cision between 600° and 900°. The energy 
of activation computed from their data 
is 26,000 cals. /g.-mol. in substantial agree- . 
ment with our own calculations. 100 oi it 

Oxygen. This gas diffused through / 
fused silica at a speed comparable with that for nitrogen. The results for an external pressure 
of 76 cm. are shown below. 
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p 870° 938° 848° 680° 771° 
Rate x 105 : 0-186 0°367 0-114 0°05 0°087 
From measurements 2 and 3 and 3 and 4 in pairs, the activation energy is calculated as 
27,600 and 35,200 cals./g.-mol. respectively (mean, 31,4000 cals. between 840° and 940°). It 
was impracticable to plot a curve. 
Argon. Measurements with this gas are summarised below in the actual order of deter- 
mination (external pressure 76 cm.). From series A and B the calculated energy is 48,000 


Series A. Series B. 
p 940° 1000° pee 943° 860° 943° 
Rate x 108 1-15 3°83 Rate x 105 0°424 0-119 0-200 


and 32,100 cals. /g.-mol. respectively. Series A was measured with a silica glass which, owing 
to very prolonged heat treatment, had almost entirely lost all porous properties towards such 


gases as oxygen, argon, and nitrogen. Series B was measured with exactly the same glass 
which had had a brief treatment with hydrofluoric acid as described below. 


DISCUSSION. 


Mechanism of Diffusion.—It has been shown that for all the gases save hydrogen and 
helium permeability decreases strongly with time of heating. It was found, however, 
that treatment of the silica glass with hydrofluoric acid restored the original porosity ; 
hence, the decrease in diffusion rate and the accompanying increase in energy of activation 
(Table III) were caused by a surface layer. This fresh surface phase was not due to form- 
ation of silicates from metalliferous dust, since its occurrence was independent of the 
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TABLE III. 


Activation Energies. 


Energy, 
cals. / 
Gas. Nature of glass. Authors. g.-mol. Remarks. 
He Fused silica T’Sai and Hogness 5,600 The activation energy increases as the 
sé - Barrer 5,700 amount of silicate increases. 
rex van Voorhis 8,700 
Thuringian Piutte and Boggiolera 11,300 
Fused silica T’Sai and Hogness 9,500 
Fused silica, Tube I Williams and Fergusson 9,300 
II 10,000 
III 
IV 
I 
” ” Second value after prolonged heating. 
(superficially 
crystallised) 
Fused silica Mayer 
os o Johnson and Burt 
= * Wiistner At ca. 800 atm. 


Pyrex Williams and Fergusson Activation energy and permeability 
Jena in “ i" profoundly altered by the presence 
of silicates. 
Fused silica Johnson and Burt , 
oe ws Barrer 22,000, 
29,900 


(superficially 
crystallised) 
Fused silica 31,200 A superficially crystallised silica was 
cleaned with HF and reheated. 
Fused silica 18,500 {x apparent activation energy only. 


A different silica glass from that used 
in other measurements. 


” ” 22,000 
(superficial crystallis- 
ation commencing) 
Fused silica 48,000 Difficult to determine with accuracy 
(superficially owing to slow rate of diffusion. 


crystallised) 
Fused silica 32,100 Fresh surface obtained with HF. 


* Activation energy not obtainable. t+ Permeability negligible. 


purity of the gases; further, no decrease was observed for hydrogen and helium, whose 
velocity of diffusion is, of course, decreased by silicate formation (Table III). 

It was therefore concluded that the new surface phase was crystalline (in fact, such 
a structure was observed as a cloudiness of the surface layer). Crystallisation in this 
way was accompanied by a decrease in width of intercrystalline slip-planes, probably 
occasioned by surface fusion of tiny crystallites. The gases hydrogen, helium, and neon, 
with small energies of activation for the migration, passed easily through the crystal 
lattice of crystalline silica or the less symmetrically arranged micelles of ‘‘ amorphous ” 
silica glass. Oxygen, nitrogen, argon, and air, however, whose main passage was down 
slip-planes, were very sensitive to alterations in the width of such planes. The diffusion 
in these cases may be likened to the uptake of hydrogen by copper (Ward, Joc. cit.). It 
is important to note in Table III (i) that the activation energy for hydrogen in a whole 
series of silica glasses is remarkably constant, and (ii) that there is close agreement for 
the energy for helium between our experiments and those of T’Sai and Hogness. The 
values of these energies for hydrogen, helium, and neon should, according to this theory, 
be fundamental constants for the diffusion process through each form of silica and would 
vary according to the crystal habit considered. Fused silica glass (Zachariasen, J. Amer. 
Chem. Soc., 1932, 54, 3841) is the most open of all silica structures. Tetrahedral symmetry 
of the silica and oxygen atoms is still preserved; spatial periodicity, however, is lacking, 
and the silica-oxygen chains cross one another irregularly, thus forming rings containing 
both less and more than 12 atoms. 6-Cristobalite (see ‘‘ Strukturberichte,’’ 1931, pp. 
166—172) is the most open crystal structure of silica; the high-temperature form appeared 
as a very thin cloudy layer on the fused silica surface when this was heated (cf. Williams 
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and Fergusson, loc. cit.). In cristobalite, systems of zig-zag chains cross one another 
and form wide 12-membered rings, of diameter 6 A. -Tridymite resembles £-cristobalite 
in ring formation and ring diameter. Quartz, however, consists of spiral chains branching 
in all directions; no rings are formed, the packing density is much greater, and the widest 
“hole” in the lattice appears to be about 4 A. Activation energy is accordingly much 
greater for lattice migration in quartz than for the other structures. Urry (J. Amer. 
Chem. Soc., 1933, 55, 3242) found no trace of helium migrating through a single quartz 
crystal at room temperature. 

Those gases which at high temperatures show lattice migration (the term “ lattice ”’ 
including the irregular framework of fused silica) should at low temperatures show slip- 
plane migration, since in this region the migration depending more upon the temperature 
will become negligible. The decrease in the energy of activation which has been observed 
for hydrogen is ascribed to this cause. Alty (loc. cit.) has ascribed it to the character of 
the diffusion equation (after Lennard-Jones) : 

eT oe ee se eee | 
where 7, is the period of vibration of an adsorbed atom perpendicular to the surface; 
Ey = 3mC,? is the energy to be given to an adsorbed atom to render it mobile on an 
external surface; and 
Tt em /2K T 
2m 


C=Co+( 


is the average velocity of the mobile atoms along the surface. 

Equation (1) will reduce to the simple exponential form p oc mge~"/*? only where 
KT €E,; if KT > Eo, we have p o mle 47, 

In this system we can make a critical experiment, which decides against this explanation. 
The falling energy with decrease in temperature is given also by helium (T’Sai and Hogness) : 
a silica tube was accordingly given a prolonged heating, but measurements with helium 
then showed no decrease in the energy as the temperature was lowered to room temperature. 
The calculation between 17° and 262° gave a value 5,670 cals./g.-mol. as compared with 
5,780 at high temperatures. Therefore, by destroying slip-planes we have destroyed the 
effect, which must accordingly be ascribed to slip-plane diffusion only. 

For glasses showing slip-plane diffusion at low temperatures the calculations in Table 
IV have been made by using the integrated van ’t Hoff isochore loge v/v, = E/R. (1/7, — 
1/T,) over the temperature range specified ; our result for helium shows that this is applic- 
able at least to 0°. 

TABLE IV. 


Nature of 
Glass. Worker. diffusion. Energy. Temp. 
Fused silica Barrer Lattice 10,800 >400° 
o» Slip-plane 4,300 193 
—_ T’Sai and Hogness Lattice 5,700 >300 
Burton, Braaten, and Wilhelm _ Slip-plane 4,190 110—0 
3,040 0 to —4l 
2,310 —41 to —78 


Pyrex van Voorhis Lattice 8,100 >300 
Urry Slip-plane 5,840 282—172 
4,540 172—81 


Generally, diffusion rates are proportional to total gas pressures. The results of 
Urry (J. Amer. Chem. Soc., 1932, 54, 3887) are, therefore, valuable as showing a pressure 
dependence, » = aP”, at constant temperature for Pyrex, lead glass, soda glass, and 
Jena 16’, for they indicate that diffusion rates are governed by surface concentrations, 
not by direct entry into the glasses by molecules from the gas phase (cf. Alty, loc. cit.). 
The effect of the introduction of large alkali ions as in the formation of silicate glasses 
is to reduce the space available for lattice migration, and so to increase the energy of 
activation. The phenomenon is similar to that observed by Rabinowitsch (Nature, 1933, 
640), who showed that the persorption of dehydrated chabazite by nitrogen and hydrogen 
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could be much modified by ionic exchange of calcium for sodium or potassium. The 
large alkali ions can render pores already of molecular dimensions too small for penetration. 

The manner in which energies for slip-plane migration decrease with temperature 
suggests a range of sizes of slip-planes, and provides a satisfactory picture of the selective 
activated flow of the gas into slip-planes of decreasing sizes with rise of temperature. This 
process of activated up-take has been proposed (e.g., Ward, Faraday Society Discussion, 
1932) to explain the rising part of isobars such as those for hydrogen and nickel. The 
present work supports this view for those systems wherein the sorption is not of chemical 
nature. 

Nature of Solid-Gas Interaction during Migration.—It has to be decided whether any 
of the gases investigated migrate from chemisorbed states, are dissociated, or are held 
only by van der Waals interaction. To explain the experimental results of slip-plane 
and lattice diffusion at least two factors must be considered. The first may be referred 
to as the space factor, dependent upon the relative magnitudes of migrating atom and 
lattice or intercrystalline dimensions; the second will depend on the heat of adsorption— 
the adsorption factor. A mathematical analysis which considers the activation energy 
as composite should then satisfy the experimental data. 

Helium, neon, and hydrogen have a relatively small space factor contribution, and for 
helium and neon only physical adsorption can occur. Any change in the nature of the 
adsorption process from van der Waals to chemisorption should be reflected in an increased 
activation energy. Accordingly, for hydrogen the interaction appears to be physical. 
The heavier gases have relatively large energies for migration. However, argon (32,100— 
48,000) has the greatest energy of all, and physical processes only are possible. The 
energies of interaction in these cases are, therefore, most readily interpreted on a purely 
physical basis by the increase in the space factor, dependent upon repulsive forces of 
closest approach. The equations of state for the different gases investigated in the diffusion 
experiments lead to the following type of interaction law on mutual approach of two atoms 
of the gas (Lennard-Jones, Proc. Physical Soc., 1931, 43, 474) : 


E = dzep, RY /(n — 1) — rae R*/6 


where E denotes the potential energy, rp, the repulsive force constant, Aa, the attractive 
force constant, R the distance apart, and is an integer to be determined by experiment. 
For m = 13, Lennard-Jones (loc. cit.) has given the following data on the permanent 


gases : 
Calculated heat of sublim- Observed heat 
Gas. op. La ation at 0° K., cals./g.-mol. of sublimation. 
He , , 126 et. 
Ne "36 . 612 590 
H, : , 529 — 
N, ‘ ‘ 1640 1860 
A P , 2030 2030 


It is obvious that the energy for gas-silica interaction follows very closely, not only 
in the order, but also in the ratio of the magnitudes of the corresponding gas-gas interaction ; 
for instance, in each case one may bracket hydrogen and neon as behaving similarly, and 
nitrogen and argon. The evidence of these force fields, calculated and observed, suggests 
very strongly that the phenomenon is one of dynamic polarisation, coupled with exchange 
forces which cause a powerful repulsion (the space factor contribution) and follow in the 
order of interactions of the van der Waals type. A further argument against migration 
of the gases as atoms is that the heat of dissociation of nitrogen is much greater than that 
of oxygen, yet their activation energies and migration rates are similar. 

The above interaction law furnishes interesting information on the magnitude of the 
energies and the pore diameters to be expected. It has been applied to calculate energies 
of activation for migration of a gas atom of helium, hydrogen, and argon through four 
similar atoms arranged in a square of a given diameter.* The magnitudes of the energies 


* These calculations have been made at the suggestion of Professor Lennard-Jones, to whom the 
author is very grateful. 
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required to bring the gas atom from infinity to the plane of the square are given in Table 
V, and the graphs in Fig. 5 show a few of the potential-energy curves for the migrating 
atom as it approaches the plane of the square. 


TABLE V. 


Diameter Energies (cals./g.-mol.). Diameter Energies (cals. /g.-mol.). 
of square, r of square, - ~ 
He. H,. A. 
—57°1 — 10,750 
— —203°4 5,975 
—47°8 _— 3,089 
-- — 2461 1,296 
_ _ 187 
—32°5 _— —315 
—_— — 200 —713 
_ _ — 885 
— — — 950 
—21°4 —130 — 954 
—10°8 — —735 
—_ — —237 








He. H,. 
13,920 _- 
8,393 -- 
4,250 — 
2,183 44,060 
1,078 23,910 
—_— 13,070 
217 7,123 ~- 
75°0 3,825 147,100 
—2:1 1,936 87,120 
—39°1 916 52,290 
—54°3 352 31,230 
— 40 18,520 
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Fic. 5. 
Potential-energy curves for migration of an argon atom through a square of argon atoms, 
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From the calculations we deduce that (1) for reasonable pore sizes, the energies are of 
the magnitudes met with in experiment; (2) for helium and hydrogen, lattice migration 
should occur readily, as shown experimentally; (3) the diameters of the slip-planes which 
condition the migration of argon are of the same order of magnitude as the largest dimen- 
sions of the lattice (6 A.); (4) when the critical diameter is approached, the activation 
— become exceedingly sensitive to small alterations in pore diameter, e¢.g., for helium, 
0-2 A. (from 4-0 to 4-2 A.) causes a change in energy from 4,200 to 2,000 cals./g.-mol., 
values to be compared with the high- and low-temperature energies of migration of helium 
through silica; (5) if a 12-membered ring (as occurs in the silica structure) of the same 
diameter as a square were substituted for the square, the energy of activation would be 
trebled : according to (4) this would not cause a material alteration in pore size. 

These models are only approximate ones since the law of interaction between gas and 
silica is not known, but they serve to demonstrate the nature and properties of the diffusion 
very clearly. 








5 
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The conception of the process of migration developed here differs in one important 
respect from the earlier theory of Alty. We incline to the view that the atom or mole- 
cule is to be considered as migrating in one act over a single potential barrier which could 
be regarded mathematically as composed of two energies. This barrier recurs throughout 
the periodic structure of the solid. Previously, the energy was regarded as made up by 
two separated barriers, of which one, that due to overlapping fields (the space factor), 
did not contribute to flow at any point save the entrance to a pore. The diffusion equation 
can now be written in the form 

p = ANgC2rge Erk? 


where Er = (Ey + W,) = total energy of activation, Wy being the energy required to 
overcome the repulsive forces due to exchange forces in the solid, 7.e., the space factor 
contribution, and the other terms being as previously stated. There will clearly be no 
deviation from exponential form, for in all cases Er > KT, and hence C = Co, or p oc e~ 2/4? 
at all temperatures in accordance with experiment. 


SUMMARY. 


(1) Measurements have been made of the velocity of diffusion of helium, hydrogen, 
oxygen, nitrogen, argon, and air through fused silica glass at temperatures ranging between 
room temperature and 1000°. 

(2) For all these gases the same type of exponential temperature coefficient has been 
observed as has previously been found for helium and neon. Energies of activation for 
diffusion have been calculated ranging from 5,780 cals./g.-mol. for helium to 32,000 cals. 
and higher for argon. These energies have been compared with energies calculated from 
the data of other workers. 

(3) The diffusing gases can migrate according to two mechanisms. Helium, hydrogen, 
and neon can pass through the “ lattice ’’ of fused silica at high temperatures. The heavy 
gases oxygen, nitrogen, and argon migrate mainly through slip-planes. At low temper- 
atures helium, hydrogen, and neon also show slip-plane diffusion. There is evidence 
that migration proceeds from the adsorbed layer, not directly from the gas phase. 

(4) The interaction has been shown to be physical, and the gases migrate as undis- 
sociated molecules. The activation energies are due to dynamic polarisation resulting 
in van der Waals cohesion, and to exchange forces resulting in gas-solid repulsions. 

(5) Calculations have been made employing the known laws of interaction of hydrogen, 
helium, and argon which give energies of the correct order for reasonable pore diameters, 
and indicate “‘ lattice” migration for helium and hydrogen. 


It is a pleasure to thank Professor E. K. Rideal, F.R.S., for his valuable advice and encourage- 
ment throughout this work, and Dr. O. H. Wansbrough-Jones for various helpful suggestions. 
I am grateful to the 1851 Commissioners for a scholarship which has made the work possible. 
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90. The Influence of Pressure on a Number of Organic Reactions 
in the Liquid Phase. 


By E. W. Fawcett and R. O. GiBson. 


It is of interest to consider some of the ways in which a chemical reaction may be influenced 
by an increase in pressure. In the first place the velocity will be increased, because the 
concentrations of the reacting substances will increase as the system is compressed. Owing 
to the small compressibilities of liquids, the increases in concentration will be far smaller for 
reactions in a liquid than for those in a gaseous phase. On the other hand, the velocity 
is a function of the collision rate between the molecules of the reactants, and this rate is 
proportional to the product of the concentrations in the case of a gas, in which the space 
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occupied by the molecules is negligible in comparison with the total volume (cf. 
Hinshelwood, ‘‘ Kinetics of Chemical Changes in Gaseous Systems,” 3rd Ed., p. 28, 1933). 
Besides this, in the case of a highly compressed gas or of a liquid, the probability of a 
collision taking place increases as the space occupied by the molecules becomes com- 
parable with the total volume (cf. Enskog, K. Svenska Vetenskapsakad. Hand., 1921, 63, 
No. 4, p. 8). If the latter factor is taken into account, it would seem that an increase in 
pressure may exert a greater influence on the velocity of a liquid reaction than would be 
expected from a consideration of the small increase in concentration alone. 

The velocity would also be influenced by pressure if the potential energy gained by the 
system as a result of the isothermal compression is available as part of the activation 
energy necessary for reaction. If this be so, there would be an increase in the concentration 
of the molecules possessing the requisite minimum energy of activation, and the velocity 
of the reaction would therefore be increased. 

In a reversible reaction a further influence of pressure follows from the principle of 
Le Chatelier : if such a reaction involves a change in volume, the application of pressure 
will shift the position of equilibrium to the side of lesser volume. Even if there is no such 
change in volume at atmospheric pressure, the compressibilities of the reactants and re- 
sultants may be different, so that there may be a change in volume under pressure, and, 
therefore, a corresponding shift in the equilibrium. The position of equilibrium will 
also be shifted if the application of pressure leads to a change in the specific heat of the 
reacting substances, and hence, to a change in the heat quantities involved in the re- 
action. Calculations from the compressibility data of certain gases have shown that such 
a change in specific heat should occur (Deming and Shupe, Physical Rev., 1931, 37, 638 ; 
38, 2245; 1932, 40, 848), and this has been confirmed experimentally in some cases (Krase 
and Mackey, Ind. Eng. Chem., 1930, 22, 1060). 

Besides the above influences, Michels (Proc. Roy. Soc., 1930, A, 127, 258) has suggested 
that the application of a sufficiently high pressure may, by forcing the molecules into close 
contact, result, inter alia, in an alteration in the electrostatic fields round the molecules. 
Such an alteration might become evident in an induced or an increased polarity, possibly 
resulting in enhanced chemical reactivity, or in a change in the degree of ionisation. In 
the latter connexion, it is of interest that Tammann and other workers (Z. anorg. Chem., 
1929, 182, 353 ; 183, 1) have found that pressures up to 3000 atm. influence the electrical 
conductivity of aqueous and non-aqueous solutions of electrolytes to a greater degree than 
can be accounted for by the volume changes and the effect on the mobility of the ions. 

Little systematic work has so far been carried out on the effect of high pressures on 
chemical reactions in the liquid phase. Cohen and his collaborators (cf. Z. physikal. 
Chem., 1928, 138, 169, for references), following a number of earlier workers, have, however, 
made an extensive study of the effect of pressures up to 1500 atm. on the hydrolysis of 
esters and of sucrose in aqueous and other solutions, in the presence of different acids and 
bases as catalysts. It was found that pressure had a marked effect on the velocity of such 
reactions, especially in mixed solvents, and that the effect was positive or negative according 
to the catalyst used. Moesveld (ibid., 1923, 103, 486) has also shown that the reaction 
between bromic and hydrobromic acids in aqueous solution is retarded by pressure. 

Bridgman and Conant (Proc. Nat. Acad. Sci., 1929, 15, 680) have made a preliminary 
study of the effect of pressures up to 12,000 atm. on a number of organic substances. 
They found that amylene, pinacol, ¢tert.-amyl alcohol, diacetone alcohol, aniline acetate 
dissolved in aniline, solid maleic acid, benzoquinone in isopropyl alcohol, and phenol in 
20% aqueous formaldehyde were not appreciably affected, whilst isoprene, dimethyl- 
butadiene, styrene, and indene were partly polymerised, and - and iso-butaldehyde were 
converted into unstable polymerides which reverted to the original aldehydes at atmo- 
spheric pressure. Further, Conant and Tongberg (J. Amer. Chem. Soc., 1930, 52, 1659) 
and Conant and Peterson (ibid., 1932, 54, 629) have made a more detailed study of the 
effect of pressures up to 12,000 atm. on the polymerisation of the conjugated dienes 
(isoprene, etc.) and of the butaldehydes, and Tammann (Z. anorg. Chem., 1931, 200, 113) 
has studied the velocity of polymerisation of isoprene under pressures up to 3000 atm. 

Except for the work of Bridgman and Conant, no attempts have been made to study 
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the effect of pressure on organic reactions in general, and we have therefore undertaken a 
survey of such pressure effects in the light of the possible influences discussed above. For 
instance, a reaction such as the Diels reaction, which occurs between substances of high 
reactivity at atmospheric pressure in the absence of catalysts, might occur under high 
pressure between similar substances of lower reactivity. Again, a reaction which proceeds 
readily at atmospheric pressure in the presence of a catalyst might proceed readily without 
that catalyst under pressure. Finally, a reaction proceeding at atmospheric pressure in 
the absence of catalysts might proceed faster under pressure. 

The choice of reactions was somewhat limited, for it was desired, in the first instance, 
to study reactions in the absence of solvents, whilst it was considered desirable that part, 
at least, of the reaction mixture should be liquid at the highest pressures to be used. It 
had therefore to be borne in mind that a pressure of 3000 atm. increases the melting points 
of most substances by 40—80°. It was also necessary that the reagents should not react 
with the mercury used to transmit the pressure. 

The survey now covers some 50 reactions of different types which have been studied 
under pressures up to 3000 atm. and at temperatures up to 180°. An outline of the results 
obtained is given below. 

Results —From a study of the reactions between maleic anhydride and aromatic 
compounds it was found that reactions of this type, which do not proceed at atmospheric 
pressure (in the absence of catalysts), do not proceed at a pressure of 3000 atm. and the same 
conditions of temperature; ¢.g., although maleic anhydride and anthracene condense 
readily at 200° and slowly in toluene solution at 40° at atmospheric pressure, no reaction 
occurs at either atmospheric pressure or 3000 atm. between maleic anhydride and the less 
reactive naphthalene, toluene, or benzene at temperatures up to 180°. 

The study was then extended to reactions between phthalic anhydride and aromatic 
hydrocarbons, which are known to occur only in the presence of aluminium chloride. It 
was again found that there was no reaction under pressure in the absence of catalysts or in 
the presence of milder catalysts. 

In view of these negative results some reactions which normally proceed in the presence 
of milder catalysts were next tried, and it was found that the reactions between aromatic 
amines and benzaldehyde, which are catalysed by acids, were markedly influenced by 
pressure; ¢.g., the reaction between dimethylaniline and benzaldehyde (with no great 
precautions to remove the last traces of benzoic acid) proceeded slowly at atmospheric 
pressure at 150°, but the yield in the same time was increased about 8-fold at 3000 atm. 
at the same temperature, and that the pressure effect persisted in the presence of 1% of 
benzoic acid. On the other hand, the less reactive aromatic ketones did not react with 
dimethylaniline at 180° either at atmospheric pressure or at 3000 atm. in the absence of 
added catalysts. 

Owing to the great difficulty of ensuring the absence of acids in reactions involving 
benzaldehyde, and because of the failure of ketones to react with aromatic amines, a similar 
type of acid-catalysed reaction, viz., the acetal reaction, was now studied. It was found 
that acetaldehyde and ethyl alcohol (both freed from acid substances) reacted slowly at 
atmospheric pressure at 60° but gave a 9-fold yield in the same time at 3000 atm. at the same 
temperature. 

Attempts to prepare acetal from the less reactive ethyl ether by the reaction 
CH,°CHO + Et,0 —> CH,-CH(OEt),, which is not known to occur under any conditions 
at atmospheric pressure, were unsuccessful at 3000 atm. 

In view of the positive pressure effects found with acid-catalysed reactions, some 
examples of base-catalysed reactions were tried, but the effects were less marked. Acetalde- 
hyde and ethyl malonate or acetoacetate showed no detectable reaction either at atmo- 
spheric pressure or at 3000 atm. in the absence of a catalyst, and similarly the tautomeric 
change of o-xylylene dicyanide into iminocyanohydrindene, which is only known to occur 
in the presence of sodium ethoxide, could not be made to proceed under pressure without 
this catalyst. Benzaldehyde and chloroform, which react very slowly at atmospheric 
pressure, showed a small increase in reaction rate at 3000 atm. 

The investigation was now extended to reactions which are known to proceed at atmo- 
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spheric pressure in the absence of catalysts, ¢.g., those involving quaternary ammonium 
salt formation. Cetyl bromide and pyridine react at a moderate rate at atmospheric 
pressure and the yield in the same time was found to be 4—8 times as great at 3000 atm. 
Cetyl chloride, which is less reactive than the bromide, showed a similar pressure effect. 
Attempts to prepare alkylpyridinium hydroxides directly from pyridine and cetyl alcohol 
or methyl alcohol, however, gave negative results under all conditions. It is interesting 
to note in the reaction between ethylene dichloride and pyridine that, whilst at atmo- 
spheric pressure and 80° the main product is $-chloroethylpyridinium chloride, the applic- 
ation of high pressure strongly favours the addition of a second molecule of pyridine to 
give ethylenedipyridinium dichloride. 8: 8'-Dichloro-5 : 5’-diquinolyl, which does not form a 
quaternary halide with ethyl iodide, could not be induced to do so at a high pressure. 
Triethanolamine and cetyl bromide do not form a quaternary salt at atmospheric pressure, 
but removal of hydrogen bromide from the cetyl bromide takes place to give hexadecene and 
the hydrobromide of the base. Under pressure, no quaternary salt formation was ob- 
served, whilst the known reaction was accelerated. Another class of reaction of this type is 
the addition of organic acids to olefins to give esters of the corresponding alcohols. Several 
examples of this class were studied, and the pressure effects were of the same order as those 
previously found. 

A number of reactions of various types have also been investigated, and all those which 
proceeded at atmospheric pressure were accelerated by pressure. Of these, the most 
interesting is the hydrolysis of benzonitrile in the presence of alkalis, in which pressure 
exercises a selective effect on the two possible reactions ; conditions may be realised under 
which at atmospheric pressure a small yield of benzamide is obtained whilst under pressure 
the product is benzoic acid, or, alternatively, so that benzamide is obtained under pressure 
whilst there is no appreciable reaction at atmospheric pressure. 

The effect of pressures up to 3000 atm. on the polymerisation of some unsaturated 
substances has been studied. With acetaldehyde and acraldehyde pressure effects were 
found, but reversible polymerides similar to those obtained by Bridgman and Conant 
from the butaldehydes at pressures of 12,000 atm. were not found. 

In addition to the study of the effect of pressure on reaction rates, an attempt has also 
been made to study the effect on the position of equilibrium of the reversible tautomeric 
change yé-isoheptenoic acid — 83-dimethyl-3-valerolactone. It was found, as antici- 
pated, that the equilibrium was shifted towards the side of greater density; increasing 
temperature at atmospheric pressure shifted the equilibrium in the opposite direction. 

Conclusions.—The following conclusions may be drawn from a consideration of the 
results so far obtained. 


(1) All the reactions which proceeded slowly at atmospheric pressure showed increased velocity 
at the same temperature under higher pressure. 

These reactions may be divided into two classes, those which are not susceptible to 
catalysis, and those which are normally carried out in the presence of catalysts but proceed 
slowly at atmospheric pressure in the absence of added catalysts. Those of the latter class 
were found to proceed under pressure at rates which, in some cases, approached the rates 
of the catalysed reactions at atmospheric pressure. Two of these reactions were carried 
out in the presence of added catalysts to mask the possible effect of the presence of fortui- 
tous catalysts, and the pressure effect was found to persist. 

An increase in the pressure to 3000 atm. increased the rate of reaction by 5—10 times in 
nearly all cases. The effect on polymerisations was, however, considerably greater, whilst 
in the reaction between benzaldehyde and chloroform the increase was only about 10%. 


(2) The reactions which did not proceed at atmospheric pressure (in the absence of catalysts) 
did not proceed at pressures up to 3000 atm. 

This is not surprising in view of the order of the pressure effects found in most cases. 
The only exception was the condensation and polymerisation of acetaldehyde, which showed 
no detectable reaction at atmospheric pressure at the temperature studied, although it is 
possible that the reaction may proceed slowly at higher temperatures. 
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It is interesting to note that reactions which proceed at atmospheric pressure only in the 
presence of aluminium chloride, showed no signs of proceeding at pressures up to 3000 atm., 
either in the absence of catalysts or in the presence of mild acid or basic catalysts. 


Before the observed pressure effects can be ascribed to one or more of the possible 
influences already discussed, it would seem necessary both to extend this survey to dis- 
cover how far the effects are general and hold for all reactions, and to undertake a compre- 


hensive quantitative study of these effects. 


EXPERIMENTAL. 


The apparatus used is shown in the fig. The reactants were placed in small glass tubes of 
10—15 c.c, capacity, which were inverted with the open ends under mercury contained in glass 
liners fitting into the steel pressure vessels as shown. These vessels 
were placed in oil thermostats maintained at the required temper- 
ature, and pressure was transmitted to the samples under investigation 
through the mercury by means of a light mineral oil, the pressure 
of which was measured by means of calibrated Bourdon gauges. The 
pressure was obtained either by means of a Cailletet-type screw press 
designed by Dr. A. Michels of the University of Amsterdam, and 
built by Dikkers & Co. of Hengelo, Holland, or by means of a 
hydraulic intensifier designed and built in these laboratories, The 
few experiments recorded which were made at pressures above 
3000 atm. were carried out in an apparatus similar to that described 
by Bridgman (“ Physics of High Pressures,” p. 42, Bell, 1931), 
also designed and built in these laboratories (Engineering, 1933, 
136, 32). 

Check experiments at about atmospheric pressure were carried 
out alongside the pressure experiments either in sealed glass tubes, 
or in small tubes inverted over mercury, as described above, placed 
in low-pressure metal vessels fitted with spring-loaded relief valves 
set at about 5 atm. 

Some trouble was at first experienced with the fracture of the glass 
reaction tubes after one or two applications of pressure. The glass 
flaked away from the inner surface and produced a structure honey- 
combed with fine cracks. This phenomenon is no doubt due to the 
penetration of the glass by the organic liquids under pressure (cf. 
Poulter, Physical Rev., 1932, 40,877). It was found that tubes made 
of Pyrex glass had a much longer life than those of soft glass. 

Reactions between Acid Anhydrides and Aromatic Hydrocarbons.— 
Maleic anhydride and hydrocarbons. Attempts to detect the com- 
bination of maleic anhydride (1 mol.) with benzene, toluene, or 
naphthalene (1 mol.) were unsuccessful, the anhydride being recovered 

~ substantially unchanged. The reactions were investigated up to 180° 
and at 3000 atm. for periods up to 40 hours. The anhydride, however, underwent slow 
decomposition on being heated for long periods at 180°, carbon dioxide being evolved while the 
anhydride darkened; extraction of the residue with benzene left a sparingly soluble brown 
powder which has not been identified. This decomposition is possibly analogous to that of 
succinic anhydride (Volhard, Annalen, 1889, 253, 206, 233; 1891, 267, 60, 94; Bredt, ibid., 1890, 
256, 330). 

The reaction between anthracene and maleic anhydride, which proceeds at atmospheric 
pressure at 200° (Diels, ibid., 1931, 486, 191), was not studied under pressure owing to the high 
m. p.’s of the reactants. It was, however, found that the reaction proceeds at a moderate rate 
at ordinary pressures in toluene solution, and the effect of pressure on the yield of the condens- 
ation product was determined at 60° and 40°. The yield was determined by adding the product 
to water, basifying with 10% sodium hydroxide, and heating to 80° for 4 hour to decompose 
the anhydride. The toluene layer was then removed, and the acid precipitated by acidification 
with hydrochloric acid (Congo-red), dried at 100°, and weighed. The yields were identical at 
3000 atm. and at atmospheric pressure at 60°, whilst in 16 hours at 40° the yield at 3000 atm. 
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was 20% smaller than that at atmospheric pressure. This retardation by pressure was probably 
due to the reduced solubility of the reactants in the solvent at 40° and under the high pressure. 

Phthalic anhydride and hydrocarbons. ‘There was no reaction when mixtures of phthalic 
anhydride and benzene, toluene, chlorobenzene, or naphthalene were heated at 3000 atm. 
to 180° for 40 hours, or when these substances were heated under similar conditions in the 
presence of boric acid, zinc chloride, piperidine, and amalgamated aluminium powder, which 
might be expected to act as catalysts. In all cases the reaction product was added to a little 
hot sodium hydroxide solution and the hydrocarbon layer removed. On acidification, phthalic 
acid (identified by titration with N/10-sodium hydroxide and conversion into the anhydride) 
was the only acid recovered. 

Reactions between Amines and Aldehydes or Ketones.—Benzaldehyde and dimethylaniline. 
Benzaldehyde (1 mol.) and dimethylaniline (2 mols.) were heated to 150° at 3000 atm. for 20 
hours. The product was a viscous liquid containing water. The yield of condensation product 
was determined by distilling off any unchanged material in steam, extracting the residue with 
ether, removing the ether on a steam-bath, and weighing the residue after drying in a vacuum 
desiccator. The residue was pure leuco-malachite green (m. p. 102°; mixed m. p. 101—102°). 
The first seven results in the following table illustrate the magnitude of the pressure effect 


observed, the same samples of materials being used throughout : 
Added benzoic 


No added benzoic acid. 





Dimethylaniline, g. ....  7°5 7 
Benzaldehyde, g. ...... 3°7 3 
Benzoic acid, g. —_— —_ — —_ — — . — 
Temperature 150°1° 150°0° 150°2° 150° 150° 161-2° 161° , 150°3° 150°0° 
Pressure, atm. ......... 40 1000 2000 3000 3000 80 2990 2240 3000 
Tima, BOB, ....020..0..... 20 20 20 20 20 20 4h 4} 
Yield of leuco-mala- 

chite green, g. ...... 0°5 3:1 5:7 8-7 8-2 1-1 89 2°1 76 3°8 

By working at 100—120°, the rate of reaction was reduced, but the product contained large 
proportions of ~-dimethylaminobenzhydrol. A cursory examination of the temperature and 
pressure variables in this range did not disclose conditions under which products containing 
more than 85% of the hydrol could be obtained. 

The respective yields of the hydrol and the triphenylmethane derivative were estimated, in 
cases where incomplete reaction had taken place, by determining the benzaldehyde in the steam 
distillate by means of phenylhydrazine in dilute acetic acid solution (Dennis and Dunbar, 
J. Ind. Eng. Chem., 1909, 1, 256). 

The benzaldehyde used in the above experiments was washed with dilute sodium hydroxide 
solution (2%), dried, and distilled in a current of nitrogen, but it is possible that traces of 
benzoic acid were present. The reaction was therefore investigated in the presence of added 
benzoic acid, as shown in the second set of results in the table, the last experiment being a con- 
trol. The pressure effect was found to persist, although the reaction was certainly catalysed 
by the acid. 

An unexpected difficulty arose, for different samples of benzaldehyde did not give repro- 
ducible results. This was not entirely connected with the percentage of benzoic acid present as 
determined by titration with N/100-sodium hydroxide, since samples of benzaldehyde sealed 
in glass tubes and stored in the dark were found to react more slowly than before such storage. 
It would appear that, with reactions of this type proceeding in the absence of added catalysts, 
the rate is very sensitive to the fortuitous presence of traces of catalytic material. It is possible 
that peroxide catalysts may have a considerable effect on the reactions of benzaldehyde, as 
in the case of unsaturated hydrocarbons (Kharasch and Mayo, J. Amer. Chem. Soc., 1933, 55, 
2468). No explanation of the variation of the reaction rate has been found, although numerous 
experiments have been carried out. 

Monomethylaniline and benzaldehyde. This reaction does not appear to have been investi- 
gated at atmospheric pressure. Investigation at high pressures showed the presence of a similar 
pressure effect to the last reaction. The product, presumably 4: 4’-dimethylaminotriphenyl- 
methane, was a white solid, m. p. 100—101°, becoming green on exposure to air (Found : C, 83-4; 
H, 7-4; N, 9-2. C,,HN, requires C, 83-4; H, 7-3; N, 9-26%). 

The following table shows the reaction rate between monomethylaniline (2 mols.) and benz- 
aldehyde (1 mol.) at various temperatures and pressures. The yields were determined as in the 
similar reaction with dimethylaniline described above. 


4 78 76 74 78 . ' 74 
6 3°8 3°8 3°6 3°6 . . . 3°8 
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Press., atm. 1. 1000. 2000. 3000. Press., atm. 1, 1000. 2000. 3000. 
Temp. Yield, % of complete reaction. Temp. Yield, % of complete reaction. 
150° 35°5 62°5 76°5 87-0 110° 10°5 30°4 45°0 57°5 
140 26-0 55°0 71°5 81-0 90 2°0 22°7 39°0 48°0 
130 22°5 40°0 56°0 _— 

At 110° and 90° a determination of both the condensation product and unchanged benz- 
aldehyde showed that considerable quantities of p-methylaminobenzhydrol had been formed. 
The above figures, however, have all been calculated on the basis of complete reaction to the 
triphenylmethane derivative. 

Benzaldehyde and diphenylamine. Reaction occurred between these substances on heating 
to 150° for 16 hours at 3000 atm., but it was very slow at atmospheric pressure. The product 
was, however, a mixture, and its constitution was not determined. 

Ketones and dimethylaniline. Attempts to condense dimethylaniline with benzophenone or 
Michler’s ketone at 180° at 3000 atm. were unsuccessful. In the first case, after 40 hours the 
product was entirely volatile in steam, and in the second reaction, both reagents were recovered 
quantitatively. 

Acetal Formation, etc.—Acetaldehyde and ethyl alcohol. Reaction normally proceeds between 
alcohols and aldehydes in the presence of acid catalysts at atmospheric pressure. In the 
absence of such catalysts the reaction is very slow at atmospheric pressure, but it is considerably 
accelerated under high pressure, as shown by the following data for the yield % for the reaction 
between acetaldehyde (1 mol.) and ethyl alcohol (2 mols.): At 1atm., 8-8 at 80°, 1-2 at 60°; 
at 3000 atm., 32-1 at 80°, 10-8 at 60°. In these experiments the alcohol and aldehyde were 
freed from acid substances by distillation over quick-lime, followed by fractional distillation. 
The yield of acetal was determined by the sulphite method (cf. Seywetz and Bardin, J. Soc. 
Chem, Ind., 1906, 25, 202; Childs and Adkins, J. Amer. Chem. Soc., 1923; 45, 3020), bromo- 
thymol-blue being used as indicator. 

Benzaldehyde and ethyl alcohol. This reaction was negligibly slow with pure benzaldehyde 
(1 mol.) and ethyl alcohol (2 mols.), but with alcohol containing 1% of dry hydrogen chloride 
the reaction at 150° was 14-7% complete at atmospheric pressure, and 31-7% complete at 3000 
atm. in 16 hours. 

The yields of acetal were determined as follows: The reaction product was treated with 
1} mols. of hydroxylamine solution, prepared by adding the theoretical quantity of 10% 
sodium hydroxide to a 10% solution of the hydrochloride. After standing for 20 minutes, the 
solution was made alkaline with 1 mol. of 10% sodium hydroxide, the benzaldehyde-acetal 
removed by extraction with a little petroleum ether (b. p. 40—60°), the extract dried (magnesium 
perchlorate), the solvent removed on a water-bath (the last traces under 100 mm.), and the residue 
weighed. 

Acetaldehyde and ethyl ether. No ethylacetal was formed when equimolar proportions were 
heated to 150° at 3000 atm., although slight polymerisation of the acetaldehyde occurred. 
There was no reaction at 40° at 9000 atm. 

Benzaldehyde (1 mol.) and acetic anhydride (2 mols.). This reaction was complete after 
16 hours’ heating at 150° under 3000 atm., whilst at atmospheric pressure only 32% of benzyl- 
idene diacetate was formed. The yield was determined by distilling off the unchanged acetic 
anhydride in a vacuum, hydrolysing the product with boiling water, and determining the acetic 
acid by titration with N/10-baryta. The product had m. p. 46° (mixed m. p. 46°). The acetic 
anhydride probably contained some acetic acid, and this is no doubt a case of pressure acceler- 
ation of a reaction catalysed by acids. 

Quaternary Ammonium Salt Formation.—Pyridine and cetyl halides. Cetyl bromide (1 mol.) 
and pyridine (1 mol.) react readily at 70° in the absence of catalysts. Under pressure the re- 
action is accelerated, the yields under various pressures in 20 hours at 50° being shown below ; 


Pressure, atm. 1000 2000 3000 
Yield, % of complete reaction 33°5 60-0 81-1 
Cetyl chloride is less reactive than the bromide, but reaction proceeds at 110°, There is a 
similar pressure effect, the yield in 20 hours being : 
Pressure, atm. 1000 2000 3000 
Yield, % of complete reaction 29°7 54:0 720 


The analytical methods employed are described in the following paper. 
Pyridine and alcohols. Attempts to prepare quaternary ammonium hydroxides directly 
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from pyridine and methyl alcohol and cetyl alcohol at temperatures up to 150° at 3000 atm. 
were fruitless, the pyridine determined by titration being recovered quantitatively. 

Pyridine and ethylene dichloride. This reaction proceeds slowly at atmospheric pressure, and 
in 20 hours at 80°, 38% of the pyridine has reacted. Determination of the unchanged pyridine 
(as above) and the ethylene dichloride (by distillation and direct weighing) showed that the 
product was a mixture of the two possible quaternary salts (70% §-chloroethylpyridinium 
chloride). At 3000 atm. the reaction is accelerated, and after 16 hours at 80° no pyridine was 
recovered, the product being entirely ethylenedipyridinium dichloride, white hygroscopic needles 
which decomposed without melting (Found : Cl, 27-8. C,,H,,N,Cl, requires Cl, 27-6%). 

Triethanolamine and cetyl bromide. The reaction at atmospheric pressure is described on 
p. 389. At 3000 atm. and 80° in 16 hours, triethanolamine (1 mol.) and cetyl bromide (1 mol.) 
yielded mainly a dark brown, viscous product containing some solid material. On addition 
of ether a white crystalline precipitate was obtained, which proved to be triethanolamine 
hydrobromide (0-6 mol.) (Found: Br, 34-3. Calc. for CsH,,O,NBr: Br, 34:6%). Removal of 
the ether from the solution and extraction with water left an oil which decolorised bromine, 
whilst the aqueous extract on evaporation gave only a trace of solid residue, which was found 
to be triethanolamine hydrobromide. The yield of the hydrobromide under pressure was about 
double that obtained at atmospheric pressure. 

8 : 8’-Dichloro-5 : 5'-diquinolyl * and ethyl iodide. This base does not form quaternary salts 
under any known conditions. It also failed to react when heated to 150° with ethyl iodide at 
3000 atm. for 100 hours. 

Reactions between Acids and Unsaturated Hydrocarbons.—Nernst (Z. physikal. Chem., 1893, 
11, 353) studied the reactions between the chloroacetic acids and ¢#ert.-amylene; at 30° the 
amyl esters are formed quantitatively, but at higher temperatures (100—150°) an equilibrium 
is attained. A few experiments have been carried out with these and similar reactions under 
high pressures, and in each case pressure effects have been observed. The reactions were 
followed by titration of the unchanged acid with N /10-baryta. 

Trichloroacetic acid (1 mol.) and tert.-amylene (1 mol.). In 16 hours at 30°, 18-6% of the acid 
was esterified under 1 atm. and 33-9% under 3000 atm. 

Acetic acid (1 mol.) and tert.-amylene (1 mol.). In 16 hours at 100°, 1-1% of acid was esterified 
under 1 atm. and 6-6 under 3000 atm.; the corresponding data at 110° were 0-4% and 4:5% 
respectively. The equilibrium corresponds with almost complete dissociation of the ester 
(cf. Nernst, Joc. cit.). 

Trichloroacetic acid and cyclohexene. In the same way the reaction between this acid 
(1 mol.) and hydrocarbon (2 mols.) has been investigated. 


Time, Press., Acid Time, Press., Acid 
Temp. hours. atm. _ esterified, %. Temp. hours. atm, _ esterified, %. 
16 1 nil 60° 40 1 37°9 
16 3000 78 60 40 2000 68°6 
88 1 81-7 60 40 3000 74:7 
88 3000 92°3 


Dichloroacetic acid (1 mol.) and cyclohexene (2 mols.). At 100° in 16 hours 20-9% of acid was 
esterified under 1 atm. and 54-1% under 3000 atm.; in 32 hours the corresponding values were 
27-2% and 60-3%. 

Miscellaneous Reactions.—Acetaldehyde and ethyl malonate, etc. This condensation is norm- 
ally carried out in the presence of a trace of a strong base (piperidine, etc.). Acetaldehyde 
(1 mol.) was heated to 60° for 40 hours with ethyl malonate (2 mols.) at 3000 atm., the unchanged 
acetaldehyde distilled off, absorbed in water, and determined by the sulphite method. No 
reaction had occurred, At 150° decomposition occurred and large quantities of gas were 
evolved. An identical result was obtained with acetaldehyde and ethyl acetoacetate. 

Benzonitrile and phenol. There was no combination when equimolar weights were heated to 
150° at 3000 atm. 

Benzonitrile and resorcinol. There was no measurable reaction when these compounds were 
heated to 150° for long periods (100 hours) at atmospheric pressure in the absence of catalysts, 
although the mixture became red. When this experiment was repeated at 3000 atm., reaction 
occurred and the product separated into a viscous red lower layer and a mobile colourless layer 


* This base, which is not recorded in the literature, has m. p. 296° and was prepared by I.C.I. 
(Dyestuffs), Ltd. 
DD 
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of mainly unchanged benzonitrile. The lower layer on treatment with ether yielded a bright 
red solid. This consisted of a number of substances, but some condensation to 2 : 4-dihydroxy- 
benzophenoneimine had taken place for, on treatment with water, a small quantity of 2: 4- 
dihydroxybenzophenone was isolated (m. p. 143°; mixed m. p. 144°), Complete separation of 
the remaining material was not achieved, but by fractional crystallisation from methyl ethyl 
ketone various coloured fractions giving strongly fluorescent solutions in alkalis were obtained, 
some of which contained no nitrogen and were condensation products of resorcinol itself, identi- 
cal with or similar to those reported by Hesse (A nnalen, 1896, 289, 62). 

No nitrogenous fraction was isolated in a pure condition, but it is probable that the small 
yield of 2 : 4-dihydroxybenzophenone did not represent the total true condensation. 

o-Xylylene cyanide. o-Xylylene cyanide on treatment with a little sodium ethoxide in 
alcohol changes smoothly into iminocyanohydrindene (Moore and Thorpe, J., 1908, 93, 175). 
Samples of the nitrile alone were heated at 3000 atm. at 50°, 100°, and 150°, but the m. p. was 
unchanged at 60° (mixed m. p. with the original material 60°), and the products did not give the 
characteristic colour reaction of the hydrindene with concentrated sulphuric acid containing a 
trace of selenic acid. 

Benzaldehyde and toluene. Benzaldehyde (1 mol.) and toluene (2 mols.) were heated to 
150° for 40 hours at 3000 atm., but subsequent distillation through a small column gave un- 
changed material and no residue. 

Benzaldehyde and chloroform. Reaction normally proceeds in the presence of basic catalysts 
at room temperature to yield phenyltrichloromethylcarbinol. At 150° without a catalyst the 
reaction is extremely slow. Chloroform (1 mol.) and benzaldehyde (1 mol.) were heated to 
150° at 3000 atm. for 16 hours; fractional distillation then afforded chloroform in quantity 
denoting that 11% of the carbinol had been formed, and this (m. p. 51°) was isolated in 9% yield 
by adding ligroin to the residue ; the major portion of the unchanged benzaldehyde was recovered 
by distillation under 2 mm. 

Phthalic anhydride and tert.-amyl alcohol. This reaction was investigated in order to dis- 
cover whether the /ert.-alkyl hydrogen phthalates could be prepared under high pressure, 
but the results were negative, although some phthalic acid was isolated from the experiments 
at both 1 atm. and 3000 atm.; the yield of the acid from the pressure experiments was consis- 
tently greater than from those at atmospheric pressure. 

Diphenylamine and ethylene oxide. There is little reaction when diphenylamine (1 mol.) 
and ethylene oxide (1 mol.) are heated together at 150° at atmospheric pressure, but at 3000 
atm. the product after 40 hrs. is a viscous liquid. This was distilled in a vacuum and gave, 
first unchanged diphenylamine, and then a series of liquid fractions containing nitrogen. One 
fraction, b. p. 150—152°/15 mm., contained N, 6-9 (Calc. for diphenyl-8-hydroxyethylamine : 
N, 6-9%). The remaining fractions of higher b. p. were probably products formed by further 
addition of ethylene oxide to this substance. 

Hydrolysis of benzonitrile. No reaction occurred when benzonitrile was heated with water 
to 150° for 40 hours at 1 atm. or at 3000 atm. The reaction was next investigated in the 
presence of 4% sodium hydroxide solution. 1-8 G. of benzonitrile and 1-8 c.c. of this solution 
were heated to 150° for 60 hours at 2000 atm. 0-4 G. of unchanged benzonitrile was recovered 
and 1:3 g. of a solid product ; the latter was a mixture of benzamide and benzoic acid containing 
33-7% of the acid, as determined by titration with N/10-baryta. 

When 1-5 g. of benzonitrile and 1-5 c.c. of the solution were similarly heated in a sealed tube, 
only 0-2 g. of solid product was isolated, consisting of pure benzamide (m. p. 125-5—126-5° ; mixed 
m. p. 125°). At 130° for 60 hours at 3000 atm., 2°2 g. of nitrile and 5 c.c. of 3% sodium hydroxide 
solution gave 1-1 g. of pure benzoic acid (as determined by titration). The same mixture at 
atmospheric pressure gave 0-4 g. of benzamide. 

With 1% alcoholic potash (7 c.c.) and water (1 c.c.) as the hydrolytic agent, 2-1 g. of benzo- 
nitrile gave 1-3 g. of pure benzamide (m. p. and mixed m. p. 125°) in 60 hours at 120° and 2000 
atm., but from a similar experiment carried out at atmospheric pressure no solid product could 
be isolated. 

Polymerisations.—Acetaldehyde. In contrast to the behaviour of the butaldehydes (Bridg- 
man, Joc. cit.), this substance is unchanged at 40° and 9000 atm. for periods up to 100 hours. 
At 150° and at 3000 atm. polymerisation occurred in 16 hours to a viscous liquid containing water 
and smelling strongly of crotonaldehyde. On distillation under 5 mm. a wide range of products 
—mobile liquids (b. p. 80—150°) and a resinous residue—was obtained. The quantity of mater- 
ial was too small for complete examination, but the analytical figures of the fractions agreed 
substantially with those of crotonaldehyde, indicating that the main reaction was condensation 
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to this aldehyde, followed by its polymerisation. There was no sign of this reaction when acet- 
aldehyde was heated to 150° under its own v. p. 

Acraldehyde. Acraldehyde polymerises readily under pressure to a white, slightly plastic 
solid. The polymeride is not of the type found by Bridgman (loc. cit.) in the case of the but- 
aldehydes, as it does not revert to the monomeride on reduction of pressure. The presence of 
quinol retards, but does not entirely prevent, the polymerisation. The approximate yield of 
polymerides was determined by addition of ligroin to the product, filtration, and direct weighing. 
These yields were also checked in duplicate experiments by vacuum distillation of the un- 


changed acraldehyde and by weighing the residue. 
Percentage 
Substance. Temp. Press., atm, Time, hours. polymerised. 
1 16 
3000 16 
3000 16 
1 16 
3000 16 
3000 16 


Miscellaneous polymerisations. Ethylene oxide, ¢ert.-amylene, and cyclohexene were re- 
covered unchanged when heated for 16 hours to 150° at 3000 atm. 

Change of Equilibrium.—The tautomeric change ‘yb-isoheptenoic acid == 88-dimethyl-8- 
valerolactone. -‘y$-isoHeptenoic acid on heating to 200° for 10 hours yields an equilibrium mix- 
ture containing about 60% of the lactone (Linstead and Rydon, J., 1933, 580). Samples of the 
acid, kindly supplied by Professor J. F. Thorpe and Dr. R. P. Linstead, showed no such change 
when heated at 30° at either atmospheric pressure or 3000 atm. After 16 hours at 160° at 3000 
atm. and at atmospheric pressure, the samples were found by Dr. Linstead to contain 55-0 % 
and 20-2% of the lactone respectively. The position of the equilibrium at different temper- 
atures and pressures has been followed in a dilatometer constructed to fit inside a high-pressure 
vessel, After a given time under the required conditions of temperature and pressure, the 
dilatometer was removed, and the volume of the system measured at atmospheric pressure and 
30°. The dilatometer was kept under the required conditions until no further change in the 
volume at 30° was observed, 7.e., until the volume was that of the equilibrium mixture for the 
given conditions of temperature and pressure. The change in the volume of the equilibrium 
mixture at 170° with pressure, and with temperature at atmospheric pressure, compared to 
the volume at 170° and atmospheric pressure, is shown by the following data : 

Change of Change of 
Temp. Press., atin. volume, %. Temp. Press., atm. volume, %, 
a 150° 1 0°20 decrease 
0°12 decrease 160 cae 
0°23 oo 170 —- 
0-39 _ —Cséi,, 180 0°09 increase 
0°52 - 


The system was not perfectly reversible, possibly owing to a very slow side reaction, and it 


did not return exactly to the volume for the equilibrium at a given pressure and temperature 
after measurements had been made of the equilibria under other conditions. 


SUMMARY. 


The possible influences of pressure on a chemical reaction are discussed. 

The results are given of the effect of pressures up to 3000 atm. and temperatures up 
to 180° on about fifty organic reactions in the liquid phase. 

All the reactions which proceeded slowly at atmospheric pressure were accelerated 
at the same temperature under high pressure, whilst those which did not proceed at atmo- 
spheric pressure (in the absence of catalysts) did not proceed at pressures up to 3000 atm. 
With a few exceptions, the effect of pressure was to increase the rates of reaction by 5—10 
times for an increase of pressure of 3000 atm. 

The position of equilibrium of the tautomeric system y8-tsoheptenoic acid == 88-di- 
methyl-8-valerolactone is shifted towards the lactone by an increase in pressure. 


[Received, January 31st, 1934.] 
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91. The Influence of Pressure on the Rate of Formation of 
Cetylpyridinium Halides. 


By E. W. Fawcetr and R. O. Grsson. 


In the preceding paper it was shown that pressures of 3000 atm. have an accelerating effect 
on chemical reactions in the liquid phase. In order to obtain a clearer idea of the magnitude 
and nature of the effects involved, it will be necessary to make a detailed quantitative 
study of a number of reactions of different types at different pressures and temperatures. 
The present paper records the first attempt at such a study. 


EXPERIMENTAL, 


Materials.—Pyridine. A.R. Pyridine (British Drug Houses Ltd.) was dried over solid 
caustic potash and distilled, the fraction of b. p. 115-0—115-5° being used. 

Cetyl bromide. Technical quality material was employed; it contained homologues of 
cetyl bromide and substances containing more than one atom of bromine. The crude material 

was slowly distilled at 2 mm. pressure, and the 
Fic. 1. fraction of b. p. 175—185° collected, dissolved in 
an equal volume of dry acetone, and cooled to 4°. 
The cetyl bromide crystallised in small, pure white 
plates. The crystals were filtered off at 4° and 
twice recrystallised. The final crop of crystals 
was distilled under 2 mm., and the fraction of 
b. p. 182—185° collected. This material contained 
a trace of hydrogen bromide which was removed 
by a current of dry air. The bromine content 
was, however, low (Found, in two samples: Br, 
25-25, 25-45. Calc.: Br, 26-2%); this was due 
to the presence of cetyl alcohol and /or hexadecene 
but, as these substances merely act as diluents in 
the reaction studied, no further attempt was made 
to remove them. 

Cetyl chloride. Attempts to prepare cetyl 
chloride from cetyl alcohol and phosphorus tri- 
chloride always gave products which, even after 

oA extensive fractional distillation, contained con- 
L ; siderable quantities of unchanged alcohol and of 
hexadecene (Found: Cl, 11-21, Calc.: Cl, 13-67%). 
For this reason the cetyl chloride reaction has been studied at one temperature only. 

Products.—The cetylpyridinium bromide and chloride were obtained as pure white solids. 
When prepared at 40° the bromide separates from the reaction mixture in very thin transparent 
plates; under other conditions it separates as a transparent jelly which solidifies on standing. 
The chloride is soluble in the reaction mixture at 110°, but the system separates into two liquid 
layers on slight cooling, the lower layer solidifying on further cooling. 

Cetylpyridinium hydroxide is a strong base and forms some sparingly soluble salts—an 
insoluble, bright yellow chromate, an orange perbromide, a white perchlorate, and a rather 
sparingly soluble iodide. 

Procedure.—In both cases the reactants are miscible liquids and the products are solids, 
sparingly soluble in the reaction mixture. It was not possible to adopt any method which 
involved sampling, and a fresh sample of the reactants had to be made up for each run. 

The reaction mixture (1 mol. of cetyl halide and 1 mol. of pyridine) was made up in a small 
weight pipette, A (Fig. 1). The reaction tube B, of thin-walled glass tubing closed at one end, 
was filled with mercury and inverted in a trough C, also filled with mercury. The end of the 
pipette was introduced into the tube under the mercury, and a known weight of the mixture 
blown into the tube by means of a rubber bulb attached at D. The tube thus filled was floated 
into a glass liner, L, immersed in the trough. The liner and tube were then removed and placed 
in a high-pressure vessel, which was placed in a thermostat and allowed to attain the required 
temperature; pressure was then applied for the required time, as described in the preceding 
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paper. The pressure was then released, the vessel removed from the thermostat, cooled, and 
opened. The glass liner and reaction tube were taken out, washed with light petroleum to 
remove the oil above the mercury, and placed in the mercury trough from which the reaction 
tube and its contents could be transferred to a flask for analysis. 

The experiments with the bromide at about atmospheric pressure were carried out in sealed 
glass tubes. With the chloride, anomalous results were obtained by this method owing to the 
temperature of the experiment (110°) being close to the b. p. of the pyridine, so that an 
appreciable amount of pyridine entered the vapour phase. The experiments with the chloride 
were therefore carried out in the same manner as the high-pressure experiments, but in small 
bombs in which a pressure of not more than 5 atm. was maintained by means of a spring-loaded 


release valve. 
Fic. 2. 


Pyridine and cetyl bromide at 40° C. 





= 








a 








Ss 


x Atmospheric pressure. 
© 7000 kg./cm? 

42000 » » 

10) 3000 ” 7 

Y 6000 »  » 


l 
100 150 200 
Time of reaction, hours. 








& 




















Yield per 100 equivs. of cety! bromide 





Fic. 3. 
Pyridine and cetyl bromide at 50° C. 
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Analytical Method.—It was found impossible to follow the reaction either by determining 
the ionisable halogen ion of the product with silver nitrate, or by direct titration of the unchanged 
pyridine with acid, as all the indicators tried failed to give an end-point. The method finally 
adopted was first to separate the unchanged pyridine from the reaction mixture by steam 
distillation. 

At the conclusion of a run, the reaction tube and its contents were transferred to a flask 
containing about 100 ml. of water, and steam distilled until about 100 ml. of distillate had passed 
over, the distillate being collected in 25 ml. of N-hydrochloric acid. Ground-glass joints were 
used throughout the distillation apparatus in order to avoid the loss of pyridine by absorption 
on rubber or cork bungs. The resulting solution of pyridine hydrochloride was made up to 
250 ml. and 25 ml. of this solution titrated with N /10-sodium hydroxide, a mixture of methylene- 
blue and methyl-orange being used as indicator (cf. Kolthoff, ‘‘ Die Massanalyse,” II, p. 64, 
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Berlin, 1927). This indicator gives a sharp colour change at p,q 3-25, which corresponds to the 
py 3-2 of an aqueous solution of pyridine hydrochloride. The quantity of acid neutralised by 
the pyridine was obtained by subtraction of this titre from that of 25 ml. of the acid against 
the alkali with the same indicator (viz., 24-7 ml.). The method was checked on known quantities 
of pyridine and found satisfactory. 

In order to be sure that the cetylpyridinium bromide was not hydrolysed during the steam 
distillation, a sample of this compound was steam distilled until 100 ml. of distillate had come 
over. No pyridine was detected in the distillate by the colour test with aniline and cyanogen 
bromide (Tallantyre, 7. Soc. Chem. Ind., 1930, 49, 468). 


Fie. 4. 
Pyridine and cetyl bromide at 60° C. 
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Fic. 5. 
Pyridine and cetyl chloride at 110° C. 
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During the analyses of the reaction mixtures, a small quantity of an insoluble oil, probably 
unchanged cety] halide, passed over into the distillate, but it did not interfere with the titrations. 

Results—The yields of cetylpyridinium halide obtained at atmospheric pressure, 1000, 
2000, 3000, and 6000 kg. /cm.** at 40°, 50°, and 60° in the case of the bromide, and at 110° in 
the case of the chloride, have been plotted against time in Figs. 2—5. Smooth curves have 
been drawn through the points of corresponding temperatures and pressures. The accuracy 
of the results is disappointing. The thermostats were regulated to about 0-1°, and the temper- 
atures of the several experiments in each series did not differ by more than a few tenths of a 
degree. Although each experiment was started at the given pressure, the pressure fell during 


* Most of the experiments in the preceding paper were done with gauges registering in atmospheres, 
but in the quantitative work now recorded more accurate gauges, calibrated in kg./cm.*, were used 
(1 kg./cm.* = 0-968 atm.). 
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its course owing to the decrease in volume of the reaction mixture, the fall amounting to 10% 
when the reaction approached completion. 

The pressures were measured on calibrated Bourdon gauges. There is a relatively large 
uncertainty in the times of the shorter runs owing to the time required for the pressure vessel 
to attain the temperature of the thermostat before being subjected to pressure. The reaction 
proceeds at atmospheric pressure during this time, but it is difficult to apply a correction for 
this without a knowledge of the rate of increase of temperature of the reaction mixture. 


DISCUSSION. 


Figs. 2—5 show that, at constant temperature, pressures up to 3000 kg./cm.? have a 
marked influence on the velocity of the reactions. From the few experiments at 40° 
and 6000 kg./cm.? it is seen, however, that the increase of the reaction rate with pressure 
is not maintained. It is possible that, at this pressure, a part of the cetyl bromide 
crystallised out of the reaction mixture, and its concentration in the liquid phase therefore 
diminished. 

From the curves it is seen that in no case was the reaction complete, even after more 
than 200 hours. The conversion seems to reach a limiting value which appears to be 
independent of the pressure but dependent on the temperature, as seen from the curves 
for the bromide. There are several explanations which would account for such a limiting 
value. 

(1) The method of estimation may have given low results; blank determinations on 
known quantities of pyridine in the presence of cetylpyridinium halide, however, showed 
that it could be estimated to within 1%. (2) A portion of the halogen present may have 
been unreactive; this is unlikely in view of the method of purification of the cetyl 
bromide (see p. 396) and of the fact that the halogen content was below and not above the 
theoretical. (3) The reaction may proceed to an equilibrium; the cetylpyridinium 
halide, however, does not dissociate during steam distillation (see p. 398), and it was 
also found that it could be heated alone or in acetone solution to 60° for long periods 
without a trace of pyridine being formed (Tallantyre’s test, Joc. cit.). (4) A side reaction 
may occur, ¢.g., C;gH,,Br + C;H;N —> C,,H3. + C;H;NHBr; the pyridinium hydro- 
bromide would be hydrolysed during the steam distillation and estimated with the 
unchanged pyridine, and this would explain the results. 

A quantitative estimation of the effect of pressure on the rates of reaction may be 
obtained from a consideration of the times of reaction for equal yields at the different 
temperatures and pressures. The following figures, obtained from the smoothed curves, 
give the times (in hours) required to give a yield of 40%. 

Press., kg. /cm.? 1 1000 2000 3000 


C,,H;3Br at 40° 122 58 26 15 
i 39 24 12°5 75 
a on 14 9 55 3°25 
C,,H;,Cl ,, 110 77 28 14 75 


The effects of pressure on the rate of reaction and, in the case of the bromide, on the 
temperature coefficient of the reaction, are shown by comparing the reciprocals of these 
times with those at 1 kg./cm.* and at 40° respectively : 


Press., kg./cm.? 1 
C,,H;,Br at 40° 1 
es ae 1 

» 60 1 

C,,H,,C} ,, 110 1 
» 50 3 

” 60 8 


The pressure effect with the bromide is seen to fall with increasing temperature. 

Attempts to interpret the results by means of the ordinary reaction-velocity equations 
were unsuccessful, but it is doubtful whether it is legitimate to apply these equations without 
modification to reactions between pure liquids. 


1 
‘7 
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92. Complex Formation in Salt Solutions. Part I. 
By R. W. Money and Crecit W. Davies. 


It is well known that a salt is normally less soluble in a solution of a salt having an ion 
in common than it is in pure water. If, as is frequently done, it is assumed that both salts 
are completely dissociated into ions, a quantitative treatment becomes possible on the 
— basis of the Debye-—Hiickel activity theory, 

Shi and leads to results such as those illustrated 

/ in Curves 2 and 3 of Fig. 1. Consider a solution 





of the salt BA which is saturated with the 
sparingly soluble binary salt CA. From the 
solubility-product principle, f#mgm, = S, where 
in dilute solutions S is a constant for a given 
temperature, m is the molar concentration of an 
ion, and f is the mean ion activity coefficient of 
the salt CA; f can be calculated from the 
equation log f = — 0-5 2+/u + Bu, where z is 
the ionic charge, pu the ionic strength, and the 
numerical value of B depends on the nature of 
the two salts. Curve 2 has been calculated for 
a bi-bivalent salt of solubility 0-001M in pure 
water, using the value B = 2, and Curve 3 
applies to manganese oxalate on the same 
assumptions. The main effect of increasing the 
concentration of the solvent salt BA is to 
increase m, and reduce mg, thus lowering the 
solubility. All salts should give a curve of 
this type, individual differences being governed 
merely by the individual values of S and B. 
“a Eventually, the solubility curve may show a 
minimum and a slight tendency to rise at high 
ionic strengths, but this can only occur where the solubility of the salt is very low, and 
when B has a very small value. 

Fig. 1 shows experimental results for the two salts studied in this paper, the dihydrates 
of barium and manganous oxalate. Barium oxalate (Curve 1) gives a curve of the normal 
type, although quantitative agreement with the complete dissociation hypothesis is not 
to be expected in view of the conductivity figures for this salt. The curves for manganous 
oxalate are quite abnormal; for its solutions in manganous chloride (Curve 4) the deviation 
from the standard curve (Curve 3) is very great, and this is accounted for by the incomplete 
dissociation of the oxalate; the solubility measurements lead to a dissociation constant 
for this salt which agrees with that previously found from conductivity measurements. 
The behaviour of manganous oxalate in solutions of other oxalates (Curve 5) is obviously 
influenced by a further complicating factor, and we attribute the rising solubility to the 
formation of a complex ion, Mn(C,O,),”’, the instability constant of which can be calculated 
from the measurements. Work on other salts is in progress, and it is hoped that a 
quantitative study of the two stages of association C + A == CA, CA + A == CA, 
for a number of radicals will throw light on the underlying processes. 
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EXPERIMENTAL. 


Maiterials.—The barium oxalate dihydrate was prepared by Scholder’s method (Ber., 1927, 
60, 1510), and the manganous oxalate dihydrate by that of Scholder and Linstrom (Ber., 1930, 
63, 2832). The solvent salts were A.R. chemicals. All were analysed by the method described 
below. 

Method.—The apparatus was a modification of that described by Brénsted and LaMer 
(J. Amer. Chem. Soc., 1924, 46, 560); the bulb and column of saturating salt were connected 
by capillary tubing to a second, parallel, arm in which the saturated liquid collected, and the 
whole was immersed in a thermostat at 25° + 0-02°. Experiment showed that 100 c.c. of liquid 
became fully saturated if the time of flow through the column of salt was not less than one hour, 
and errors from evaporation into the upper part of the collecting tube were avoided by with- 
drawing and analysing the solution not more than 3 hours after the beginning of the experiment. 
In making a determination, about 400 c.c. of the stock solution were run through the saturator 
and discarded, and two consecutive samples were then collected by means of a pipette calibrated 
to deliver 20 c.c. (100 c.c. for the barium oxalate solutions) at 25°. The sample was run into a 
conical flask, excess sulphuric acid added, and the whcle heated to 80°. A weighed slight 
excess of 0-1N-potassium permanganate was slowly run in and the solution cooled, 1 g. potassium 
iodide added, and the liberated iodine titrated by means of 0-005N-sodium thiosulphate. 
Samples of the stock solution were analysed for oxalate content in the same way, and the 
amount of the sparingly soluble salt that had gone into solution was thus obtained by difference. 
The method gave results which were reproducible to within 0-1 c.c. of 0-005N-thiosulphate, 

The 0-1N-permanganate was standardised by A.R. sodium oxalate using the same procedure. 
The 0-005N-thiosulphate was made as required from a 0-1N-stock solution, and was standardised 
by titration against a known weight of permanganate. 

Resulis.—The results are given in Fig. 1 and below; col. 1 shows the concentration of the 
solvent salt (in g.-mol./l.) and col. 2 that (s) of the saturating salt (in millimols. /l.), col. 3 gives 
the stoicheiometric ionic strength (complete dissociation being assumed), and col, 4 the square 
root of this, 

Barium oxalate dihydrate ; solubility in water : 0-4826 millimol./1. 


Solvent salt. s. pe. Vp. Solvent salt. s. pe Vv p. 
0:00054M-(NH,),C,0, 0°3930 0°00319 0°0565  0°004911/-(NH,),C,O, 0°0499 0°01493 0-°1222 
0:00258 a 0°0700 0°01054 0°1025 

The solubility in 0°0493M- and 0°0986M-solution was very small. 


Manganous oxalate dihydrate ; solubility in water: 2-160 millimols.|l. 


0-005M-MnCl, 1-672  0°02169 0°1473 0°07806M-Na,C,O, 4624 0°2447 0°4947 
0-05 ~ 1:6 0156 0395 0-1600 - 7-708 — — 
0:0405M-K,C,0, 2869 01330 03648 0-2411 a 10°97 — _— 
01198 ,, 6-065 = — 

01994 ,, 9°529 eo _ 


The figures for barium oxalate require no quantitative treatment; the curve is of the 
normal type, and shows clearly that barium oxalate has no appreciable tendency to form complex 
anions. 

The points for manganous oxalate in the presence of manganous chloride are abnormal in 
that the solubility is much greater than that calculated from the complete dissociation theory, 
as shown by Curve 3 of Fig. 1. This behaviour is in keeping with conductivity results which 
show the salt to be weak, and give the dissociation constant, K, = 1-3 x 10 (Money and 
Davies, Trans. Faraday Soc., 1932, 28, 609). On the basis of this value, the saturated solution 
in water is over 70% undissociated, and since the depressing effect of added manganous ion on 
the solubility is restricted to the remaining 30%, the solubility of the salt in the presence of 
the common ion remains abnormally large. Curve 4 of Fig. 1 has been calculated by using the 
dissociation constant quoted and assuming that the activity coefficient (and therefore the 
concentration) of undissociated manganese oxalate in a saturated solution is unaffected by 
changes in the ionic strength. The line is in close agreement with the experimental points, 
which confirms the dissociation constant found from conductivities. The measurement in 
0-1N-manganous chloride is approximate only, since the temperature of the thermostat varied 
beyond the specified limits; its agreement with theoretical requirements is sufficiently close, 
however, to show that no complex cations are formed in the mixture. 

The enhanced solubility in the oxalate solutions contrasts with the results in manganous 
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chloride, and shows that the oxalate ion combines with manganous oxalate. For a limited 
concentration range the main reaction may be written : MnC,O, + (” — 1)C,0, =~ Mn(C,O,),, 
since complex products involving more than one molecule of manganous oxalate will not be 
expected to occur. The value of » may be determined as follows. For concentrations of added 
oxalate greater than 0-02M, it can readily be shown from the mass-action expression, or by 
direct reference to Curve 4 of Fig. 1, that the simple dissociation of the manganous oxalate is 
completely suppressed owing to the common-ion effect. The species present in more concentrated 
solutions are therefore the cation of the solvent salt, Ox’’, MnOx, and MnOx, and these are 
related by the equation F . mynox . mox" ~ » /mynox, = Kz, where K, is the instability constant 
of the complex ion, and F is an activity factor which corrects for possible changes in the ionic 
environment. If A is the molar concentration of solvent salt, and s is the solubility of manganous 
oxalate, the concentrations of oxalate ion and complex ion are given by : 


MynOx, = S — MynOx 
mox = A+s— Myn0x — MMynOx, 
= A — (n — 1) (s — mynox) 





Ky _ mos) _ {A — (n — 1) (s — mynox)}" =! 

F.mynox ™Mn0xry (Ss — mynox) 

K,(s — mynox)\¥~ » | 
Fmynox ‘ 





and, rearranging, A = (m — 1) (s — myyox) + { 


for these saturated solutions, it will be remembered, myo, can be regarded as constant. 

Reference to Fig. 2 shows that up to the highest concentrations studied a linear relationship 
exists between A ands. This is only possible 

Fic. 2. if m — 1, in the above equation, is equal to 
unity. The formula of the complex ion is 
therefore Mn(C,O,),”, and F in the equation 
will also be unity, as a close approximation, 
since the expression for K, contains one 
bivalent ion in both numerator and de- 
nominator. The equation now becomes : 


A= (s ~ MynOx) (1 + K,/mynox), 


and gives, for A = 0, s = mynox, 
for s =0, —A = mynox + Fz. 
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9 Potassium oxalate. 


6 Sodium oxalate. The values of the intercepts read off from 


Fig. 2 are: s = 0-00155, — A = 0-0385. 

005 010 O15 020 025 Hence the concentration of undissociated 

manganous Oxalate in a saturated solution 

Conca. of added salt. (mols /titre) at 25° is 0-00155 g.-mol./l., and this fixes 

the extent of the simple dissociation of the salt in water; actually, it leads to a dissociation 

constant K, = 1-5 x 10+, which is in satisfactory agreement with the value K, = 1:3 x 10% 

found from the conductivity of the salt at 18° (see p. 401). Further, the value of K,, the 
instability constant of the complex ion is 0-0385 — 0-00155 = 0-037. 

In deriving a value of K, from conductivity measurements (Money and Davies, /oc. cit.), 
it was mentioned that the result was slightly uncertain owing to the possible presence of a small 
proportion of complex ions. The value of K, just reported makes it possible to calculate the 
extent to which autocomplex-formation occurs; in the saturated solution approximately 1% 
of the manganese exists in the form of complex anion, and if the mobility of this is assumed to 
be two-thirds that of the oxalate ion, K, becomes 1-22 x 10“. 


$ 
& 








SUMMARY. 


Solubility measurements on barium oxalate and manganous oxalate in the presence 
of salts having an ion in common demonstrate that the former, which conductivity measure- 
ments have already shown to be one of the strongest bi-bivalent salts, shows no appreciable 
tendency to form complex ions. Manganous oxalate, on the other hand, gives abnormal 
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results which show the salt to be a relatively weak one, and confirm the value of the 
dissociation constant previously found by conductivity methods. The results further show 
that manganous oxalate forms no complex cations but readily forms a complex anion, 
Mn(C,0,).”, the instability constant of which is 0-037. 


BATTERSEA POLYTECHNIC, Lonpon, S.W. 11. [Received, February 5th, 1934.] 





93. Hydroxy-carbonyl Compounds. Part IX. Benzopyrones 
related to Phloretin. 


By FREDERICK E. KinG and ALEXANDER ROBERTSON. 


By the vigorous acetylation of phloretin (I, R = H) (Kostanecki reaction) Ciamician and 
Silber (Ber., 1894, 27, 1627; 1895, 28, 1393) obtained a product (isolated as the triacetate) 
which they believed to be the coumarin (II, R= 4H). Using phloretin trimethyl ether 
(I, R = Me), Wesseley and Sturm (Monatsh., 1929, 58, 554) by the same procedure pre- 
pared the trimethyl ether of a benzopyrone which they found to be identical with the 
trimethyl ether of Ciamician and Silber’s product and for which they retained the coumarin 
structure. The same trimethyl ether was independently described by Johnson and 
Robertson (J., 1930, 21), who, however, preferred the chromone structure (III, R = Me) 
and, although Shinoda and Sato (J. Pharm. Soc. Japan, 1930, 50, 265) have shown that 
the general properties of Ciamician and Silber’s product are those of the chromone group, 
it seemed clearly desirable to establish the constitution of this compound beyond doubt, 
if possible by an unambiguous synthesis, more especially since it has been shown in certain 
cases that the Kostanecki reaction gives anomalous results (Wittig, Annalen, 1926, 446, 
155; Heilbron and co-workers, J., 1933, 1263). 


RO’ NOH RO’ Y’ \co RO Me 
CO-[CH,],"CsH,OR y, CH,:C,H,OR 


OR OR CH,°CH,°C,H,-OR OR CO 
(I.) (II.) (III.) 


A synthesis of compounds of the type (III) was originally attempted early in 1930 
by the method of Simonis from phloroglucinol dimethyl ether and the appropriate ketones, 
but it was found that the products were coumarins, viz., 5 : 7-dimethoxy-3-benzyl- and 
5:17: 4’-trimethoxy-3-benzyl-4-methylcoumarin, and not the expected chromones, and this 
has since been shown to be the normal type of reaction for phloroglucinol and its deriv- 
atives (Robertson ef al., J., 1931, 1245, 1255; Chakravarti, J. Indian Chem. Soc., 1931, 
8, 407). Eventually the validity of the chromone structure (III) was established by the 
method of Heilbron, Barnes, and Morton (J., 1923, 123, 2559), who have shown that the 
2-methyl group in chromones of this type can react with aldehydes, giving rise to styryl 
derivatives (compare Chakravarti, Joc. cit.). By this means also it has been proved that 
the ring closure of 2 : 4-dihydroxy-f$-phenylpropiophenone (Crabtree and Robinson, J., 
1918, 113, 859; compare Shinoda and Sato, Joc. cit.) and of 2-hydroxy-4 : 6-dimethoxy-B- 
phenylpropiophenone with acetic anhydride and sodium acetate gives rise to chromones, 

The ring closure of phloretin with acetic anhydride and sodium acetate has been re- 
investigated and is found to occur with unique facility, a good yield of the triacetate 
(III, R = Ac) being obtained even at 100°; the trimethyl ether (I, R = Me), however, does 
not undergo chromone formation under the same mild conditions. 


EXPERIMENTAL. 


5:7: 4'-Triacetoxy-3-benzyl-2-methylchromone (III, R = Ac).—Acetylation of phloretin 
(6 g.) with acetic anhydride (40 c.c.) and fused sodium acetate (10 g.) on the steam-bath during 
10—12 hours gave rise to the O-triacetyl chromone, m. p. 167—168° after one crystallisation 
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from alcohol. Repeated crystallisation finally gave a product, m. p. 170°, identical with a 
specimen prepared under the more drastic conditions prescribed by Ciamician and Silber (loc. 
cit.), who give m. p. 173° (Shinoda and Sato, Joc. cit., give m. p. 170—171°). 

The triacetate (5 g.) was dissolved in boiling 8% methyl-alcoholic sodium hydroxide (36 c.c.) 
and 2 hours later the solution was acidified with dilute acetic acid, and the greater part of the 
methyl alcohol evaporated, thereby affording a precipitate of 5: 7: 4'-trihydroxy-3-benzyl- 
2-methylchromone (III, R = H) which separated from 50% methyl alcohol in needles, m. p. 
204—207°. The partially purified product (2-5 g.) was methylated with methyl iodide (3 c.c.) 
and potassium carbonate (8—10 g.) in boiling acetone during 16—18 hours; after 8 hours 
more iodide (2 c.c.) was added. On isolation the trimethyl ether separated from methyl alcohol 
in colourless needles, m. p. 166°, identical with a specimen prepared by Johnson and Robertson 
(loc. cit.). Deacetylation of the triacetate obtained by Ciamician and Silber’s method and 
methylation of the resulting trihnydroxychromone gave the same trimethyl ether, m. p. and 
mixed m. p. 166°. 

5: 7: 4'-Trimethoxy-2-styryl-3-benzylchromone.—A solution of the chromone (0-75 g.) and 
benzaldehyde (0-3 g.) in alcohol (17 c.c.) containing sodium ethoxide (from 0-07 g. of sodium) 
was refluxed for 2 hours; the styryl derivative (0-7 g.), which separated from the cooled mixture, 
crystallised from a small volume of alcohol in pale yellow needles, m. p. 165° (Found : C, 75-5; 
H, 5:7. C,,H,,O; requires C, 75-7; H, 5-6%). Mixed with the original pyrone, it melted at 
140—145°. The deep yellow solution of the substance in sulphuric acid has a green fluorescence. 

Condensation of B-Phenylpropionitrile and Phloveglucinol Dimethyl Ether.—B-Phenylpropionyl 
chloride was prepared from the acid with thionyl chloride and converted into the amide by 
means of aqueous ammonia, the recrystallised amide (70 g.) dehydrated with boiling thionyl 
chloride (80 c.c.) in the course of 1-5 hours, and the resulting nitrile on isolation and purification 
by distillation in a vacuum obtained as a colourless oil, b. p. 137°/18 mm.; yield, 50 g. or 81% 
of the theoretical, whereas Klarmann (J. Amer. Chem. Soc., 1926, 48, 2358), using phosphoric 
oxide in the dehydration process, obtained a 40% yield (Found: N, 10-8. Calc. for 
C,H,N: N, 10-7%). 

The nitrile (12 g.) and phloroglucinol dimethyl ether (14 g.) were condensed in dry ether 
(75 c.c.) by means of zinc chloride (5 g.) and excess of hydrogen chloride and 30 hours later 
the precipitation of the ketimine salts was completed by addition of ether (150 c.c.). The pro- 
duct was boiled with water (110 c.c.) for 15 minutes and, after cooling, the oil which had separated 
was collected and dissolved in boiling alcohol (35 c.c.). The cooled solution deposited 2-hydroxy- 
4 : 6-dimethoxy-B-phenylpropiophenone (5-2—6 g.) in glistening hexagonal plates, m. p. 105° 
after recrystallisation, having a deep red-violet ferric chloride reaction in alcohol (Found : 
C, 71-0; H, 6-4. C,,H,,0, requires C, 71:3; H, 6-3%). 

Addition of ethyl acetate (300 c.c.) to the alcoholic filtrate from the foregoing crude ketone 
precipitated the zinc chloride-imine double compound of 4-hydroxy-2 : 6-dimethoxy-B-phenyl- 
propiophenone. This salt crystallised from warm alcohol in stout yellow prisms, m. p. 206— 
208° (decomp.), and on hydrolysis by boiling with water (30 c.c.) for 15 minutes gave rise to 
the ketone, which separated from 50% alcohol as a hemihydrate in colourless plates, m. p. 73— 
74°, and m. p. 104—105° after having been dried in a vacuum (Found : loss on drying at 110°, 
3-4. C,,H,,0,,0°5H,O requires H,O, 3-1%. Found in dried material: C, 71-0; H, 6-3%). 
This ketone, unlike the isomeride described above, does not give a ferric chloride reaction and 
is soluble in 1% aqueous sodium hydroxide. 

5 : 7-Dimethoxy-2-styryl-3-benzylchromone.—Acetylation of 2-hydroxy-4 : 6-dimethoxy-6- 
phenylpropiophenone (2 g.) with acetic anhydride (20 c.c.) and sodium acetate (4 g.) at 190° 
for 20 hours gave rise to 5: 7-dimethoxy-3-benzyl-2-methylchromone, which separated from 
alcohol in clusters of colourless slender needles, m. p. 168° (Found: C, 73-3; H, 5-9. C,,H,,0, 
requires C, 73-6; H, 5-8%). The colourless solution of the compound in concentrated sulphuric 
acid has a faint blue fluorescence. 

The condensation of this compound (0-5 g.) with benzaldehyde (0-3 g.) was effected in boiling 
alcohol (13 c.c.) with sodium ethoxide (from 0-06 g. of sodium) during 1-5 hours; the resulting 
styryl derivative (0-55 g.) crystallised from alcohol in slender, pale yellow needles, m. p. 179— 
181° (Found in material dried at 110°: C, 78-2; H, 5-6. CC, .H,,O, requires C, 78-4; H, 5-5%). 

7-Methoxy-2-styryl-3-benzylchromone was prepared from 7-methoxy-3-benzyl-2-methyl- 
chromone by the foregoing procedure and on crystallisation from a large volume of alcohol 
obtained as a voluminous mass of slender, pale buff needles, m. p. 174°, forming an intense 
yellow solution with a green fluorescence in concentrated sulphuric acid (Found: C, 81-6; 
H, 5-6. C,,H,.O, requires C, 81-5; H, 5-4%). 
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5 : 7-Dimethoxy-3-benzyl-4-methylcoumarin.—A mixture of phloroglucinol dimethyl ether 
(3 g.), ethyl a-benzylacetoacetate (5 g.), and phosphoric oxide (4 g.) was heated on the water- 
bath for 30 minutes and occasionally stirred; at intervals of 10 minutes two further portions 
of oxide (2 g.) were added. After treatment of the reaction mixture with water and a slight 
excess of 10% aqueous sodium hydroxide the insoluble coumarin (1-1 g.) was collected, washed, 
and crystallised from alcohol, forming colourless needles, m. p. 172—173°, identical with 
material prepared by the methylation of an authentic specimen of 5 : 7-cihydroxy-3-benzyl-4- 
methylcoumarin (Jacobsen and Ghosh, J., 1915, 107, 433; Baker, J., 1925, 127, 2349) by the 
methyl iodide—potassium carbonate method (Found: C, 73-3; H, 5-6. Cy )H,,0O, requires 
C, 73-5; H, 5-8%). The greenish-yellow solution of the compound in concentrated sulphuric 
acid has an intense green fluorescence, 

5: 7: 4'-Trimethoxy-3-benzyl-4-methylcoumarin.—As ethyl a-p-methoxybenzylacetoacetate 
is somewhat easily decomposed by phosphoric oxide at 100°, a mixture of the ester (2-5 g.), 
phloroglucinol dimethyl ether (1-6 g.), and oxide (3 g.) was kept at room temperature for 48 
hours and then, after the addition of more oxide (2 g.), heated at 100° for 3—5 minutes. On 
isolation with the aid of dilute aqueous sodium hydroxide the coumarin crystallised from 
methyl alcohol in colourless needles (0-4 g.), m. p. 137° (Found: C, 70-6; H, 6-3. CygH 0; 
requires C, 70-6; H, 5-9%). The behaviour with concentrated sulphuric acid is identical 
with that of 5 : 7-dimethoxy-3-benzyl-4-methylcoumarin. 


We are indebted to Mr. V. S. Basrur for assistance in the experimental section. 


East LONDON COLLEGE, UNIVERSITY OF LONDON. 
UNIVERSITY OF OXFORD. (Received, January 22nd, 1934.] 





94. Organo-derivatives of Bismuth and Thallium. 
By FREDERICK CHALLENGER and OswALD V. RICHARDS. 


THIS communication contains an account of certain organo-derivatives of bismuth the 
preparation of which presented difficulties in earlier work. For comparison, certain 
analogous thallium compounds have been prepared from arylboric acids (see J., 1931, 
1462). This has afforded opportunity for recording further examples of the mobility of 
aryl groups attached not only to boron, but also to thallium, bismuth, or silver. 

Triphenylbismuthine dihydroxide has now been prepared (compare Challenger and 
Goddard, J., 1920, 117, 762; Challenger and Ridgway, J., 1922, 121, 109) from the di- 
chloride and aqueous silver oxide. It decomposes readily above 100° and more slowly 
in cold solvents, giving bismuth hydroxide and triphenylbismuthine. Oxidation ap- 
parently takes place, since with ethyl, - and iso-propyl alcohols, acetaldehyde, propalde- 
hyde, and acetone and, in each case, an odour of benzene can be detected. The reactions 
(2) Ph,Bi(OH), = Ph,BitOH + PhOH, (6) 3Ph,BirOH = 2BiPh, + Bi(OH), cannot 
represent the decomposition, since phenol is not detectable (it is formed, however, from 
hydrogen peroxide and the aqueous dihydroxide). The decomposition probably occurs 
thus: (c) Ph,Bi(OH), = PhH + Ph,BiO-OH, (d) Ph,BiO-OH = Ph,BitOH +O. Re- 
action (6) then occurs, The diphenylbismuthic acid postulated in (d) has not been de- 
tected, but two analogous reactions are met with in the antimony series (Schmidt, Annalen, 
1922, 429, 125, 139, 141), yielding diphenylstibonic acid and its di-p-acetamido-derivative. 
The well-known oxidising properties of sodium bismuthate may here be cited. 

With potassium cyanide and sodium azide the dihydroxide or the dichloride gives éri- 
phenylbismuthine hydroxycyanide and diazide, which, unlike the stable hydroxychloride 
and dichloride, readily lose benzonitrile or phenylazoimide in boiling water and are partly 
hydrolysed by warm water. The hydroxycyanide in hot alcohol gives triphenylbismuthine, 
diphenylcyanobismuthine, benzonitrile, and inorganic matter. The dry diazide at 95° 
similarly yields the bismuthine, diphenylazidobismuthine, (CgH;),.BiN3, and phenylazoimide. 
For other reactions of this type see J., 1922, 121, 91 

The thermal instability of the azido-derivative was to be expected in view of the 
position of this radical in the electrochemical series for the halogens and pseudo-halogens 
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deduced by Birckenbach and Kellermann from a study of the decomposition potentials 
of the potassium salts in water (F, ONC, OCN, Cl, Ns, Br, CN, SCN, I, SeCN, TeCN). In 
earlier papers (for references, see J., 1927, 209) it was shown that the relative stability 
of the compounds Ph,BiX,, where X is a halogen or pseudo-halogen, is almost exactly 
the same as the order of the groups X in this series. 

As the dicyanide of triphenylbismuthine is unknown, the behaviour to heat of a dry 
mixture of the dichloride with two molecular proportions of potassium cyanide was 
examined. Benzonitrile was hardly to be recognised before 130° and the odour did not 
become strong until 190°, whereas the pure diazide loses phenylazoimide at 95°. From 
the above series benzonitrile would be expected to be the more readily eliminated. 

Phenylthallium dichloride (Challenger and Parker, J., 1931, 1462) with 4 mols. of 
potassium cyanide gives potassium phenylthallicyanide, which on boiling breaks down 
thus, 2K[PhT1(CN),] = 2KCN + Ph,TICN + TI(CN)3, giving diphenylihallium cyanide. 
With 2 mols. of sodium hydroxide, sodium azide, potassium cyanide, and potassium 
thiocyanate, the dichloride gives phenylthallium dihydroxide, diazide (stable at 200°), 
dicyanide, and dithiocyanate respectively. The last two compounds lose benzonitrile 
and phenylthiocyanate at 228° and 120° respectively. Phenylthallium dichloride is more 
stable than the dibromide, which rather easily loses bromobenzene. The corresponding 
di-iodide is unknown, iodobenzene being immediately liberated (J., 1931, 1463). The 
order of stability of compounds of the type PhTIX, is therefore roughly parallel to that 
of Ph,BiX,, though the temperatures of decomposition are higher. 

The use of arylboric acids in the preparation of organothallium derivatives (Challenger 
and Parker, Joc. cit.) has been further exemplified in the case of mono- and di-p-tolyl- and 
p-bromophenyl-thallium chlorides and of phenyl-p-tolylihallium chloride. With mercuric 
oxide and water, arylboric acids give excellent yields of mercury diaryls (compare Nesme- 
janow and co-workers, Ber., 1933, 66, 199; 1934, 67, 319, who obtained arylmercury 
hydroxides from aryl iodoxy-compounds, mercuric oxide, and silver oxide). 

A striking difference in reactivity is exhibited by »-propylboric acid. This is un- 
affected by water or by thallic chloride at 140°; mercuric chloride has little action in the 
cold and at 100° the (incomplete) reaction (a) Pr*B(OH), + HgCl, + H,O = Pr*HgCl + 
B(OH), + HCl is accompanied by a secondary one, (b) Pr*HgCl + HgCl, = Hg,Cl, + 
Pr*Cl. Reaction (b) is more pronounced at 140°, and its absence in the aryl series may be 
attributed to the lower temperature employed and the insolubility of arylmercury 
chlorides. The occurrence of reaction (b) was indicated by the production of mercurous 
chloride from m-propylmercury chloride and mercuric chloride under similar conditions. 

Phenyl- and #-bromophenyl-thallium dichlorides with mercuric chloride transfer 
their aryl group, giving phenyl- and #-bromophenyl-mercury chlorides, and eliminating 
thallic chloride, ArTICl, + HgCl, = ArHgCl + TICl,. Pyridine compounds of the type 
C,H,;*TIX,,C;H;N (X = Cl or Br) have been prepared and their behaviour to halogen 
acid studied. The diarylthallium halides so far examined do not combine with pyridine. 

With ethyl- and cyclohexyl-magnesium bromides, phenylthallium dichloride gives a 
mixture of diphenyl- and dialkyl-thallium halide, but a mixed halide, PhTIAIkX, could 
not be isolated. This recalls the behaviour of aryl halogen bismuthines (J., 1921, 119, 
920) and in certain circumstances of aryl- and alkyl-mercury chlorides (Hilpert and 
Griittner, Ber., 1915, 48, 906; Kharasch and Marker, J. Amer. Chem. Soc., 1926, 48, 3130). 
Phenyl--tolylthallium chloride, however, appears to be formed from phenyl- or #-tolyl- 
thallium dichloride and #-tolyl- or phenyl-boric acid respectively. 

Triphenylbismuthine and silver nitrate give a yellow unstable compound apparently 
identical with the product, AgNO,,2AgPh, described by Krause and Schmitz (Ber., 1919, 
52, 2150). This, as would be expected, has a mobile phenyl group which is easily trans- 
ferred to mercury, thallium, and to the cyanogen and thiocyanogen radicals. 


EXPERIMENTAL, 


Triphenylbismuthine Dichloride and Silver Oxide.—The dichloride (20-45 g.; 1 mol.) was 
shaken with silver oxide (from 27-2 g., 1 mol., of silver nitrate) in cold boiled water (260 c.c.) 
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for 8hours. Next day the precipitate was separated and washed, considerable frothing occurr- 
ing. The clear, slightly alkaline filtrate (A) (400 c.c.) gradually became turbid, especially in 
light, depositing triphenylbismuthine and bismuth hydroxide. 

With excess of aqueous sodium chloride, (A) gave a flocculent precipitate, sintering at 123°. 
Crystallisation separately from alcohol and from benzene yielded triphenylbismuthine di- 
chloride and the corresponding hydroxychloride (mixed m. p. 158—161°; J., 1920, 117, 764). 
Sodium bromide similarly gave the dibromide and hydroxybromide. Hydrochloric acid gave 
the dichloride. With potassium iodide or hydriodic acid, iodobenzene and phenyldi-iodo- 
bismuthine were obtained (see J., 1924, 125, 854). 

On exposure to air (A) rapidly acquired a surface film. Air freed from carbon dioxide had 
no such effect. Carbon dioxide precipitated triphenylbismuthine carbonate. 

Triphenylbismuthine dihydroxide. A portion of (A), when evaporated at 100°, left a yellow 
residue containing the bismuthine and bismuth hydroxide (compare J., 1920, 117, 765). Con- 
centration in a vacuum over calcium chloride or sulphuric acid gave a glass, which with ether 
formed a nearly white, amorphous powder. It was found preferable to drop (A) slowly into 
a large evacuated flask at 35—40°. The residue, which could not be crystallised from organic 
solvents without decomposition (see below), decomposed vigorously at 100—120° and de- 
flagrated when heated in a flame. A sample, of which a small test portion on washing with 
(a) light petroleum and (b) dilute hydrochloric acid was found to be practically free from bis- 
muthine and inorganic bismuth, was analysed without recrystallisation, after admixture with 
ignited sand prior to combustion [Found : C, 45-5; H, 3-5; Bi, 44-65. C,,H,,;Bi(OH), requires 
C, 45-6; H, 3-6; Bi, 44:1%. C,,H,,BiO requires C, 47-4; H, 3-3; Bi, 45-8%]. The residue 
appears, therefore, to be the dihydroxide and not the oxide. Further small quantities were 
usually obtained on extraction of the silver chloride with cold chloroform (yield of AgCl, 11-2 g. ; 
theo., 11-45 g.). 

Triphenylbismuthine dihydroxide does not readily redissolve in water and is sparingly 
soluble in light petroleum or ether, moderately in acetone, and easily in chloroform or alcohol. 
It decomposes in all these solutions, giving bismuth oxide and triphenylbismuthine; the latter 
is also formed when the dry solid is heated at 100°, the odour of diphenyl being produced. 

Decomposition of Triphenylbismuthine Dihydroxide in Different Solvents.—(a) In ethyl 
alcohol (30 c.c.). The dihydroxide (2-4 g.) after 12 hours gradually deposited the bismuthine 
and bismuth oxide. After 7 days the liquid was filtered and 2—3 c.c. were distilled into cold 
water, which acquired a strong odour of acetaldehyde. The odour of benzene was also recog- 
nised here and in experiments (b) and (c). Schiff’s test was positive and 2 : 4-dinitrophenyl- 
hydrazine hydrochloride gave acetaldehyde-2 : 4-dinitrophenylhydrazone, m. p. (after crystallis- 
ation from alcohol) and mixed m. p. 162—164°. 1-4 G. of triphenylbismuthine were recovered 
from the alcohol. Steam-distillation of the residue gave no phenol or diphenyl. 

(b) In isopropyl alcohol (50 c.c.). The dihydroxide (1-5 g.) decomposed in 1—2 days. 
Treatment as before yielded the bismuthine and acetone-2 : 4-dinitrophenylhydrazone, m. p. 
(after recrystallisation) and mixed m. p. 127°. 

(c) In n-propyl alcohol (15 c.c.). The dihydroxide (1 g.) gave propaldehyde-2 : 4-dinitro- 
phenylhydrazone, m. p. and mixed m. p. 154°. 

In all three cases a blank distillation of the alcohol gave neither aldehyde nor ketone. 

Triphenylbismuthine hydroxychloride is best obtained by repeated extraction of the dichloride 
with hot aqueous ammonia till almost all has dissolved. Saturated ammonium chloride solu- 
tion then gives a solid which, recrystallised from benzene, melts at 157—159°, turning red 
(see J., 1920, 117, 764). 

Triphenylbismuthine Hydroxycyanide.—The dichloride (5-1 g.; 1 mol.) was shaken for 5 
hours with potassium cyanide (2-6 g.; 4 mols.) in water (20 c.c.). The product (m. p. 115— 
130°) was fractionally precipitated from chloroform by light petroleum and after two crystallis- 
ations from this mixture was halogen-free and had m. p. 136°, turning ruby-red (Found: C, 
46-6; H, 3-1; CN, 5-1; Bi, 43-0. C,.H,,ONBi requires C, 47-1; H, 3-3; CN, 5-4; Bi, 43-25%). 
The hydroxycyanide forms colourless matted needles smelling of hydrogen cyanide and is readily 
soluble in cold chloroform or warm alcohol, and moderately so in benzene. 

Concentrated aqueous potassium cyanide and a solution of the dihydroxide gave a solid, 
m. p. 112—115°, which was practically free from triphenylbismuthine and inorganic bismuth. 
After four crystallisations from chloroform-light petroleum, this melted at 132—133° and at 
134—135° in admixture with the pure hydroxycyanide (m. p. 136°). Distillation with steam 
gave benzonitrile, which was hydrolysed to benzoic acid, m. p. and mixed m. p. 120°. 
Triphenylbismuthine Dichloride and Sodium Azide.—The dichloride (5-1 g.; 1 mol.), sodium 
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azide (1-3 g.; 2 mols.), and water (10 c.c.) were gently warmed. Phenylazoimide was not 
detected below 60—65°, but after 10 minutes at this temperature its odour was intense. Steam- 
distillation gave an oil, which with zinc dust and sulphuric acid yielded aniline, identified as 
acetanilide, m. p. and mixed m. p. 114°, thus confirming the presence of phenylazoimide. The 
aqueous distillate gave a red colour with ferric chloride due to hydrazoic acid (see below). 
The non-volatile portion of the original reaction mixture yielded triphenylbismuthine (2-44 g.) 
and 0-94 g. of inorganic matter. 

Triphenylbismuthine Diazide.—The dichloride (10-22 g.; 1 mol.), sodium azide (5-2 g.; 
4 mols.), and water (25 c.c.) were shaken for 8 hours. The solid product, after four crystallis- 
ations from chloroform-light petroleum, gave the diazide in short thick needles, m. p. 95°, 
which exploded violently when suddenly heated (Found: C, 41-2, 41-2; H, 3-0, 3-0; N, 15-9, 
15-9; Bi, 40-1. C,,H,,N,Bi requires C, 41-2; H, 2-9; N, 16-0; Bi, 39-9%). From excess of 
sodium azide and aqueous triphenylbismuthine dihydroxide, the resulting solid, m. p. 85—92°, 
recrystallised as before, had m. p. and mixed m. p. 94—95°. When 2 g. of the diazide were 
gradually warmed to 100°, a pasty mass and a strong odour of phenylazoimide were formed. 
Extraction with cold light petroleum yielded triphenylbismuthine (0-8 g.); the residue with 
hot alcohol gave microscopic crystals of diphenylazidobismuthine, m. p. 168° on recrystallisation, 
which with hot water gave a-slight odour of hydrazoic acid (Found : C, 36-3; H, 2-7; Bi, 51-7. 
C,,H,9N;Bi requires C, 35-55; H, 2-5; Bi, 51-6%). This compound is also deposited from 
het solutions of the hydroxyazide in organic solvents. Hydrochloric acid gives hydrazoic 
acid, benzene, and bismuth chloride. 

Triphenylbismuthine Hydroxychloride and Hydrobromic Acid.—The hydroxychloride (4-92 g.) 
was shaken with 100 c.c. of N/10-hydrobromic acid (1 mol.) for 3 hours, There was no odour 
of bromobenzene and the filtrate was free from inorganic bismuth. The solid product appeared 
to be an equimolecular mixture of triphenylbismuthine dichloride and dibromide. No chloro- 
bromide could be isolated (compare J., 1920, 117, 769). 

Phenylthallium Dichloride and Potassium Cyanide.—The dichloride (17-5 g.; 1 mol.) and 
potassium cyanide (13 g.; 4 mols.) in warm water (75 c.c.) gave colourless plates of potassium 
phenylthallicyanide, m. p. 265-5° (decomp.), on recrystallisation from water (Found: Tl, 51-4; 
CN, 19-4. C,H;N,KTI requires Tl, 51-3; CN, 19-6%). A clear solution on boiling gave 
hydrocyanic acid and a bulky precipitate of diphenylthallium cyanide, which was washed with 
hot alcohol and acetone; m. p. 318° (decomp.) (Found: Tl, 52-9. C,,;H, NTI requires TI, 
53-1%). It is sparingly soluble in water (slight hydrolysis) and most solvents, including 
pyridine. Hydrochloric acid gives hydrocyanic acid and diphenylthallium chloride. 

The original aqueous filtrate contained a thallic salt produced thus: 2RTIX, = R,TIX + 
TIX;. Sodium hydroxide gave a precipitate of thallic hydroxide and phenylthallium 
dihydroxide. 

Addition of more potassium cyanide to the solution of potassium phenylthallicyanide 
lessens its decomposition on boiling with sodium hydroxide or potassium iodide. 

Phenyithallium Dicyanide.—The dichloride (10-5 g.; 1 mol.) was shaken with potassium 
cyanide (3-9 g.; 2 mols.) in water (50 c.c.) for 5 hours. There was no odour of benzonitrile. 
The separated solid on recrystallisation from water gave unchanged dichloride and colourless 
needles of the dicyanide, m. p. 228° (turning black) (Found: Tl, 61-0; CN, 15-8. C,H,;N,TI 
requires Tl, 61-3; CN, 15-6%). 

Phenylthallium Dichloride and Potassium Thiocyanate.—The aqueous dichloride gave with 
normal thiocyanate solution a 92% yield of a white, halogen-free solid, but no odour of phenyl 
thiocyanate, Crystallisation from hot water gave needles, which turned red and liberated 
phenyl thiocyanate at 100—120° (Found: Tl, 51-5; S, 15-9. C,H,N,S,Tl requires Tl, 51-4; 
S, 16-1%). Phenylthallium dithiocyanate is almost insoluble in cold water, but readily soluble 
in potassium thiocyanate solution. Treated with potassium iodide, it gives iodobenzene. 

Phenylthallium Dichloride and Sodium Azide.—The aqueous solutions gave a halogen-free 
precipitate, which was extracted with hot water, leaving the insoluble dihydroxide; this de- 
composed at 280—290°, giving an odour of diphenyl. The aqueous extract smelled of hydrazoic 
acid and deposited glittering leaflets, which had no m. p. but were stable below 200°. When 
suddenly heated, the diazide exploded and gave an odour of phenylazoimide (Found : Tl, 55-6; 
N, 23-3. C,H,N,Tl requires Tl, 55-9; N, 23-0%). It is hydrolysed in hot water. Hydro- 
chloric acid gives the dichloride, and potassium iodide, iodobenzene. 

Phenylthallium Dichloride and Sodium Hydroxide.—The aqueous dichloride (3-5 g.) was 
treated with N/5-sodium hydroxide. Precipitation ceased and the liquid was alkaline when 
95 c.c. (calc., 100 c.c.) had been added. The gelatinous solid could not be crystallised (Found : 
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Tl, 64-7; C, 21-6; H, 2-0. C,H,O,T1 requires Tl, 64-8; C, 22-8; H, 2-2%. C,H,OTI requires 
Tl, 68-7; C, 24-2; H, 1-7%). Phenylthallium dihydroxide decomposes without melting at 
280—285°. It is almost insoluble in miost organic solvents, but slightly soluble in hot 
idine. 
oe ES Acid and Thallic Chloride.—The boric acid (7 g.; 1 mol.) and thallic chloride 
(40 g.; 3 mols.) in the minimum quantity of boiling water gave a precipitate, m. p. 217°, and 
223—224° after two crystallisations from water (Found: Tl, 56-0. C,H,Cl,Tl requires Tl, 
55°8%). p-Tolylthallium dichloride is less stable than the corresponding phenyl compound. 
Boiling water converts it into thallic chloride and di-p-tolylthallium chloride, which is easily 
prepared from thallic chloride and 2 mols. of p-tolylboric acid at 100° and crystallisation of 
the precipitate from pyridine (Found: Tl, 48-5. Calc.: Tl, 48-4%). Goddard and Goddard 
(J., 1922, 121, 260) prepared this compound by means of tri-p-tolylbismuthine. 
p-Bromophenylboric Acid and Thallic Chloride.—The arylboric acid, m. p. 266°, was prepared 
from the Grignard reagent and methyl borate (K6nig and Scharrnbeck, J. pr. Chem., 1930, 
128, 153, give 266°; Krause, D.R.-P. 371467, gives 191°). 

The arylboric acid (6 g.; 2 mols.) and thallic chloride (4-65 g.; 1 mol.) were heated for 4 
hours in the minimum quantity of water; crystals separated (7:36 g. Calc., 8-28 g.), which 
were washed with acetone and recrystallised from pyridine (Found: Tl, 36-8. C,,H,CIBr,Tl 
requires Tl, 37-0%). Di-p-bromophenylthallium chloride decomposes above 300°, giving thallous 
chloride and an odour of pp’-dibromodiphenyl. 

When thallic chloride (23-2 g.; 3 mols.) and the arylboric acid (5 g.; 1 mol.) were boiled 
in water (75 c.c.) for a few minutes, 11-2 g. of p-bromophenylthallium dichloride, m. p. 262— 
263°, were obtained (Found: Tl, 47-6. C,H,Cl,BrTl requires Tl, 47-4%). Potassium iodide 
gave a yellow solid, turning black. Addition of alkali and steam-distillation yielded p-bromo- 
iodobenzene, m. p. 90°, giving an iodo-dichloride, decomp. 119°, the recorded values for these 
compounds. The non-volatile residue on extraction with pyridine left thallous iodide; the 
extract deposited colourless needles, m. p. above 300°, doubtless di-p-bromophenylthallium 
iodide. 

p-Bromophenylboric Acid and Mercuric Chloride.—The arylboric acid (1 g.) and excess of 
boiling aqueous mercury salt gave about 2 g. of p-bromophenylmercuric chloride, crystals, 
m. p. 253°, from alcohol—benzene (Found: Hg, 51-35. Calc.: Hg, 51-2%). This compound 
was also obtained from aqueous mercuric chloride and p-bromophenylthallium dichloride ; 
m. p. and mixed m. p. 253°. Konig and Scharrnbeck (/oc. cit.), who used the former method, 
give m, p. 235°, doubtless a misprint. 

Phenylthallium Dichloride and Mercuric Chloride.—The dichloride (1-76 g.) and excess of 
boiling aqueous mercury salt gave a solid (1-52 g. Calc., 1-56 g.), m. p. 248—250°, and, after 
crystallisation from alcohol, m. p. and mixed m. p. 251° with phenylmercury chloride. The 
filtrate contained thallic chloride, detected as hydroxide with ammonia, 

Phenylthallium Dihalides and Pyridine.—(a) The dichloride (3 g.) in pyridine (50 c.c.) was 
slowly treated with light petroleum, giving a viscous deposit, which solidified when rubbed 
with petrol and then, after two crystallisations from alcohol, formed colourless needles, m. p. 
172° (decomp.) (Found : TI, 47-4; Cl, 16-5. C,H,*TICl,,C;H,N requires Tl, 47-4; Cl, 16°45%). 
The compound gives iodobenzene with potassium iodide. Cold dilute hydrochloric acid gives 
the dichloride, m, p. 235°; on boiling, diphenylthallium chloride is formed, and the acid 
solution deposits the compound 2TICI,;,3(C;H,;N,HCl), m. p. and mixed m. p. 130° (Renz, Ber., 
1902, 35, 1110). 

(b) The dibromide gave with pyridine a compound, m. p. 75—78°, which after solution in 
cold alcohol and addition of light petroleum (some diphenylthallium bromide first separated) 
formed glistening leaflets, m. p. 85° on recrystallisation from warm alcohol (Found : TI, 39-0; 
Br, 30-9. Calc. for C,,H,,NBr,Tl: Tl, 39-3; Br, 30-7%). A crude specimen was prepared 
by Challenger and Parker (/oc. cit.). With hydrobromic acid, diphenylthallium bromide and 
the compound 2TI1Br,,3(C;H;N,HBr), m. p. and mixed m. p. 178° (Renz, Joc. cit., p. 2768), 
were obtained. 

Experiments on the Preparation of Mixed Organo-thallium Halides, R,R,TI1X.—(1) Ethyl- 
magnesium bromide and phenylthallium dihalide. A solution of magnesium (0-24 g.) and ethyl 
bromide (1-1 g.; 1 mol.) in dry ether was slowly added to the dichloride (3-52 g.; 1 mol.) sus- 
pended in ether. When reaction ceased, aqueous ammonium chloride was added, the solid 
(D, 2-7 g.) removed, and the two layers separately evaporated. The residues were mostly 
inorganic, but hot aqueous ammonia removed small amounts of an organo-thallium halide. 
(D) was similarly treated. The three united extracts were concentrated and the deposit was 
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twice crystallised from hot dilute ammoniacal ammonium bromide, giving diethylthallium 
bromide (Found: Tl, 59-95. Calc.: Tl, 59-7%). That portion of (D) which was insoluble 
in aqueous ammonia was crystallised from pyridine, giving a mixture of diphenylthallium 
chloride and bromide (Found: Tl, 49-9. Calc. for C,,H, BrTl: Tl, 466%. Calc. for 
C,,H,,CIT1: Tl, 51-9%). 

Addition of the dihalide (3-52 g.; 1 mol.) to 2 mols. of the Grignard solution gave identical 
results. There was no evidence of the formation of a completely alkylated derivative. 

(2) cycloHexylmagnesium bromide and phenylthallium dichloride. The dichloride (3-52 g.) 
was added to the Grignard compound (2 mols.), the ether removed, water added, and the 
separated solid extracted with hot alcohol, giving white leaflets, m. p. above 300°. Hot potass- 
ium iodide solution gave equally infusible crystals of dicyclohexylthallium iodide (Found : I, 
25-4. C,,H,,ITI requires I, 25-5%). For the chloride, see Krause and Grosse (Ber., 1925, 58, 
1933). The residue insoluble in alcohol was crystallised from pyridine (Found: Tl, 49-6%). 
It was clearly a mixture of diphenylthallium halides similar to that obtained in the last 
experiment. 

(3) Phenylboric acid and phenylthallium dichloride. Equimolecular proportions in the 
minimum of hot water gave in 10 minutes an 85% yield of diphenylthallium chloride (Found : 
Tl, 61-8. Calc.: Tl, 51-9%). 

(4) p-Tolylboric acid and phenylthallium dichloride. Concentrated aqueous solutions of 
the dichloride (5-28 g.; 1 mol.) and the arylboric acid (2-1 g.; 1 mol.) gave, after 15 minutes 
at 100°, 5-34 g. of a crystalline precipitate (calc., 6-0 g.), m. p. above 300°. The filtrate con- 
tained unchanged reactants but no thallic ions, indicating the probable non-occurrence of the 
reaction 2RTIX, = TIX, + R,T1IX. The precipitate was washed with acetone and crystallised 
from hot pyridine, giving a deposit (A) and leaving 50% in solution. Dilution with water 
gave (B), which was recrystallised from the minimum of pyridine (C) [Found for (A): TI, 
50-05. Found for (C): Tl, 50-0. C,H,°*Tl(C,H,)Cl requires Tl, 50-1%]. 

(5) Phenylboric acid and p-tolylthallium dichloride. These in molecular proportion (0-6 g. 
and 1-83 g.) gave in 10 minutes 1-65 g. of solid, which was treated as in the last experiment, 
giving deposits A’ (Tl, 50-13%) and C’ (Tl, 50-09%). (A) and (A’) were united and crystallised 
twice from pyridine, giving deposits of thallium content 50-35 and 50-21% respectively. The 


product from each experiment would appear to be homogeneous, a conclusion borne out by 
the behaviour of an equimolecular mixture of diphenyl- and di-p-tolyl-thallium chlorides 
(Tl, 51-9 and 48-4% respectively), which when crystallised exactly as in the two preceding 
cases was easily recognised as a mixture. (A”) gave Tl, 51-33% and (C”) gave Tl, 48-9%. 


Properties of Arylboric Acids, 


Action of Water.—p-Bromophenylboric and -tolylboric acids were recovered almost 
quantitatively after 40 and 28 hours’ heating, respectively, at 100°. After 6 hours, at 140— 
150° and 130—140° respectively, decomposition to bromobenzene and toluene was complete. 
Boric acid was detected in each case (compare J., 1930, 2175). 

Arylboric Acids and Mercuric Oxide.—(1) Phenylboric acid (1-22 g.; 1 mol.) and the yellow 
oxide (2-16 g.; 1 mol.) in water (25 c.c.) were boiled for 1 hour. The hot filtrate deposited a 
solid of no definite m. p., which gave phenylmercury chloride (m. p. and mixed m. p. 250°) 
with hydrochloric acid and was therefore phenylmercury hydroxide. An acetone extract 
gave a small quantity of diphenylmercury, m. p. and mixed m. p. 124° after crystallisation 
from alcohol. When 2-44 g. of phenylboric acid were used, filtration after 30 minutes gave 
3-45 g. (98% yield) of diphenylmercury. 

(2) p-Tolylboric acid (2-72 g.), mercuric oxide (2-16 g.), and water (50 c.c.) at 100° gave 
di-p-tolylmercury (2-7 g.), m. p. and mixed m. p. 236° after crystallisation from benzene. 

(3) p-Bromophenylboric acid similarly gave di-p-bromophenylmercury, m. p. 240° after 
crystallisation from benzene (Nesmejanow, Ber., 1929, 62, 1020, gives m. p. 244°). With 
mercuric chloride in alcohol-benzene, this gave p-bromophenylmercury chloride, m. p. 250— 
253° (see p. 409). 

(4) m-Nitrophenylboric acid and mercuric oxide in water gave di-m-nitrophenylmercury, 
m. p. 286—287° after recrystallisation from xylene (Found: C, 32-8; H, 2-0. C,,H,O,N,Hg 
requires C, 32-4; H, 1:8%). 

Reactions of n-Propylboric Acid.—The acid has m. p. 112°. Khotinsky and Melamed (Ber., 
1909, 32, 3090) give 74—75° and Krause (Ber., 1921, 54, 2784) records 107°. 

With water, n-Propylboric acid (0-4 g.), after 7 hours’ heating with water (5 c.c.) at 
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140°, was completely recovered by extraction with ether and evaporation in a vacuum. The 
water contained no boric acid. 

With thallic chloride. n-Propylboric acid (0-4 g.; 2 mols.) was heated with thallic chloride 
(0-7 g.; 1 mol.) and water (3-5 c.c.) for 4 hours at 100°. On cooling, yellow plates of the double 
chloride, T1[TICI,], separated along with unchanged -propylboric acid (m. p. and mixed m. p. 
112°). The same result was obtained after 6} hours at 140—160°, the alkylboric acid being 
quantitatively recovered. 

With mercuric chloride. The alkylboric acid (2 g.), mercuric chloride (8 g.), and water 
(10 c.c.) were heated at 140—150° for 20 hours, Extraction with ether left mercurous chloride 
(0-5 g.). The ether was fractionated; the later distillates gave silver chloride with alcoholic 
silvér nitrate, indicating the presence of m-propyl chloride. The non-volatile residue was shaken 
with excess of aqueous sodium carbonate, the mercuric oxide separated, and the filtrate ex- 
tracted with ether, yielding -propylmercury chloride (3-5 g.), m. p. and mixed m. p. 143—144?°, 
in 55% yield. No propylboric acid was recovered. 

Phenylation of Silver Nitrate. Reactions of Phenylsilver—Silver Nitrate —Triphenylbis- 
muthine was shaken with an excess of saturated alcoholic silver nitrate in a black bottle for 
30 minutes. A yellow solid (S) which quickly formed was separated and washed with alcohol 
and with ether. The filtrate on standing or on concentration deposited basic bismuth nitrate 
and silver and had an odour of benzene. Steam-distillation gave diphenyl, m. p. and mixed 
m. p. 69—70°. (S) was insoluble in organic solvents, quickly decomposed at the ordinary 
temperature, but less rapidly in the dark, and could be kept for some hours at — 15°. Above 
80° it decomposed explosively, giving diphenyl, silver, and silver nitrate. Distillation of 1-12 g. 
in steam gave 0-28 g. of diphenyl and 0-47 g. of silver. The filtrate gave 0-27 g. of silver chloride 
with hydrochloric acid. The amounts calculated from the equation AgNO,,2AgPh = AgNO, + 
2Ag + Ph:Ph are 0-32, 0-44, and 0-30 g. respectively, There was a slight odour of benzene, 
due to simultaneous hydrolysis to silver oxide. 

Cold hydrochloric acid gave only silver chloride and benzene; the warm dilute acid gave 
in addition some diphenyl. With aqueous sodium chloride, benzene, silver chloride, sodium 
hydroxide, and a trace of diphenyl resulted. Aqueous mercuric chloride produced a white 
solid. Separation after 30 minutes and extraction with acetone gave silver chloride, a little 
metallic silver, phenylmercury chloride (m. p. and mixed m. p.- 250°), and traces of diphenyl. 
The grey solid obtained from aqueous thallic chloride and (S) after 30 minutes was extracted 
with hot water, giving phenylthallium dichloride, m. p. and mixed m. p. 233—234°, Hydrated 
cupric chloride (1-53 g.; 4-5 mols.) in 20 c.c. of water and (S) (1-08 g.; 1 mol.) quickly gave 
cuprous and silver chlorides. Steam distillation gave diphenyl (m. p. 70°) and chlorobenzene, 
recognised by conversion into ~-chloronitrobenzene, m. p. and mixed m. p. 85°. (S), mixed 
with aqueous copper sulphate, was separately treated with potassium cyanide and potassium 
thiocyanate. Benzonitrile and phenyl thiocyanate were at once produced. Bromine water 
and iodine in potassium iodide immediately gave halogenobenzene. 

Triphenylbismuthine and Cupric Chloride and Bromide.—The bismuthine (4 g.) in dry ether 
(40 c.c.) was treated with the anhydrous chloride (2-44 g.; 2 mols.), A yellowish solid (A) 
gradually separated; next day the ether was decanted and evaporated, and the residue ex- 
tracted with light petroleum, yielding chlorobenzene (b. p. 132°; 2: 4-dinitrochlorobenzene, 
m. p. and mixed m. p. 52°), The solid (A) on extraction with hot benzene left 1-8 g. of cuprous 
chloride (calc., 1-8 g.) and gave diphenylchlorobismuthine in 72% yield (m. p. 184°). 

With cupric bromide an analogous experiment gave bromobenzene (b. p. 156°; 2 : 4-dinitro- 
derivative, m. p. and mixed m. p. 72°), cuprous bromide, and diphenylbromobismuthine, m. p. 
158°. 

Diphenylmercury and Cupric Bromide.—5 G. and 6-3 g. (2 mols.) respectively in 90 c.c. 
of dry ether were shaken for 5 hours and the liquid was filtered next day and treated as in the 
two previous experiments. Bromobenzene (characterised as before), cuprous bromide, phenyl- 
mercury bromide (m. p. 276—277°), and 1-6 g. of unchanged diphenylmercury were isolated. 
No evidence of the formation of a stable organo-derivative of copper was obtained. 


The authors thank the Chemical Society for a grant, and Dr. A. D. Ainley for carrying out 
the experiments with n-propylboric acid. 


THE University, LEEDs. (Received, January 11th, 1934.] 








412 McKenzie and Kelman: 
95. Optically Active Mixed Benzoins derived from (+ )Mandelonitrile. 


By ALEx. McKENZIE and ANDREW L. KELMAN. 


THE antimeric benzoins were prepared by the action of phenylmagnesium bromide on 
(—) and (+)mandelamides (McKenzie and Wren, J., 1908, 93, 309; Wren, J., 1909, 95, 
1583, 1593), and (—)mandelamide also served for the preparation of (—)propionylpheny]l- 
carbinol and (—)phenacetylphenylcarbinol (Roger, Helv. Chim. Acta, 1929, 12, 1060) 
and of (—)acetylphenylcarbinol (Roger, Biochem. Z., 1931, 230, 320). The action of 
Grignard reagents on optically active acid amides had also been utilised for the preparation 
of the methy] ether of (—)benzoin from (—)«-methoxyphenylacetamide, and of (-+-)benzoyl- 
benzylcarbinol from (-+-)«-hydroxy-$-phenylpropionamide (McKenzie, Martin, and Rule, 
J., 1914, 105, 1583), whilst recently (—)o-ethoxymandelamide has been converted into 
(—)oo’-diethoxybenzoin (Weissberger and Dym, Annalen, 1933, 502, 74). 

Whilst in those examples the method proved itself to be a practical one, it did not 
appear to lend itself readily in certain cases for the preparation of optically active mixed 
benzoins derived from the mandelamides; thus, the yields of 7-f-toluoylphenylcarbinol 
and of r-o-toluoylphenylcarbinol from r-mandelamide were so small that no attempts were 
made at the time to prepare the corresponding optically active isomerides (McKenzie, 
Martin, and Rule, /oc. cit.). 

Meanwhile, however, optically pure (+-)mandelonitrile has been isolated from amygdalin 
by Dr. Isobel Agnes Smith (Ber., 1931, 64, 427), and this has been applied by her for 
preparing (—)benzoin. The yield of the latter compound was rather less than by the older 
method, but the operations involved are fewer. The possibility that optically active mixed 
benzoins could be prepared was thus suggested, and the action of various Grignard reagents 
on (-+-)mandelonitrile was accordingly undertaken. Certain racemic mixed benzoins of 
the type Ph-CH(OH)-COR (where R is an aliphatic radical), which cannot be obtained by 
the condensation of benzaldehyde and aliphatic aldehydes by means of potassium cyanide, 
have also been prepared from d/-mandelonitrile. 

The normal action may be represented as occurring by the following stages, for example, 
in the preparation of (—)p-toluoylphenylcarbinol : 


+.)Ph-CH(OH)-CN T2"®5 ph-CH(O-MgBr)-C<cC7Hy A, 
N-MgBr 


Ph:CH(OH)-C<X727 “> (—)Ph-CH(OH)-CO-C,H, 


The formation of an intermediate ketimine in the reaction RCN + R’*MgX > R-CO-R’ 
(Blaise) was demonstrated by Moureu and Mignonac (Compt. rend., 1913, 156, 1801; 
Ann. Chim., 1920, 14, 322). It must, however, be recognised that an aryl group can some- 
times be substituted for the CN group by means of a Grignard reagent, for example, 


Ph-MgBr 
NC-CO-OEt > Ph-CPh,-OH (McKenzie and Duff, Ber., 1927, 60, 1335), but in the 
course of the present research there was no evidence that a secondary alcohol was formed 
on the lines R-CH(OH)-CN —> R-CH(OH)-R’. 

The formation of optically active mixed benzoins from (+-)mandelonitrile is invariably 
accompanied by a change of sign of rotation. 

(+)Mandelonitrile is more readily racemised than is the configuratively related 
(—)mandelamide, and precautions have to be taken when optically active mixed benzoins 
are prepared from it, not for this reason alone but also because the ketols themselves 
undergo racemisation with ease. Both (—)p- and m-toluoylphenylcarbinols were obtained 
optically pure when an ethereal solution of the nitrile was in each instance added to an 
excess of the Grignard reagent. But, when the reverse procedure was adopted by adding 
the Grignard reagent to the nitrile, the former exerted a racemising influence ; for example, 
the p-toluoylphenylcarbinol formed under these conditions gave after crystallisation a 
product which had only [«]54g; — 52-5° in acetone, whereas the pure substance has [a] 546) 


— 103-6°. 
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In spite of the precautions observed, we were entirely unsuccessful in obtaining 
optically active o-toluoylphenylcarbinol: in other cases also o-tolylmagnesium bromide 
behaves abnormally. Stoermer (Ber., 1906, 39, 2288) was unable, for example, to obtain 
a glycol by the action of o-tolylmagnesium bromide on ethyl di-lactate, and Roger and 
McKay (J., 1931, 2229) had a similar experience with ethyl v-mandelate, although they 
found that the action proceeded quite smoothly with both #- and m-tolylmagnesium 
bromides. Again, the latter authors observed that, although (-+-)o-tolylhydrobenzoin 
(«-form) can be obtained from (—)benzoin, it is invariably accompanied by considerable 
amounts of r-benzoin, whilst no such racemisation was detected in the preparation of the 
p- and m-isomerides. In our attempts to isolate optically active o-toluoylphenylcarbinol, 
we obtained 2-methylbenzil. Similarly, phenyl «-naphthyl diketone was obtained as a 
by-product from the action of «-naphthylmagnesium bromide on d/-mandelonitrile (cf. the 
formation of #-dimethylaminobenzil from r-4-dimethylaminobenzoin and from r-4’- 
dimethylaminobenzoin ; Luis, J., 1932, 2547). 

The optically active mixed benzoins now described resemble the ketones obtained by 
semipinacolinic changes (McKenzie, Roger, and Wills, J., 1926, 779; McKenzie and Dennler, 
Ber., 1927, 60, 220; Roger and McKenzie, Ber., 1929, 62, 272; McKenzie and Mills, Ber., 
1929, 62, 284) in undergoing catalytic racemisation by the addition of a few drops of 
alcoholic potash.* 

The product in each case is a mixture of the racemic ketols; thus, with (—)p-toluoyl- 
phenylcarbinol the product is a mixture of r-p-toluoylphenylcarbinol and r-benzoyl-p- 
tolylcarbinol : 

a7-Ph-CH(OH)-CO-C,H, 
(—)Ph-CH(OH)-CO-C,H, —> PhC—¢-C, Hy 
HO OH r-Ph-CO-CH(OH):C,H, 


This is in harmony with the observations of Luis (loc. cit.), who effected the interconversion 
of certain racemic mixed benzoins, for example, anisbenzoin > benzanisoin, and 4’-dimethyl- 
aminobenzoin -> 4-dimethylaminobenzoin. 

When (—)benzoin was acted on by methylmagnesium iodide, it was pointed out by 
McKenzie and Wren (J., 1910, 97, 473) that two diastereoisomeric methylhydrobenzoins 
might on theoretical grounds be formed, since the carbon atom of the carbonyl group is 
rendered asymmetric, thus : 


Ph Ph Ph 

OH-(-H OHH, SC OH -C-H 

(-) ¢0 Me—C—OH OH—(—Me 
Ph Ph Ph 


But these authors showed that the reaction proceeded one-sidedly and only a single glycol 
was isolated, as was also the case when (—)benzoin was acted on by ethylmagnesium 
bromide, results which should not, however, be designated as examples of asymmetric 
syntheses. Now, Tiffeneau and Lévy (Bull. Soc. chim., 1927, 41, 1351) have shown that 
when a racemic ketol of the type Ph-CH(OH)-CO-R is acted on by a Grignard reagent, 


R’-MgX, the resulting glycol, >o—< is different from that obtained by the action 
HO OH 

of R-MgX on the ketol Ph-CH(OH)-CO-R’ (cf. McKenzie, Luis, Tiffeneau, and Weill, 

Bull. Soc. chim., 1929, 45, 414). The two isomeric glycols are designated by Tiffeneau as 

a- and B- respectively. When the radical R attached to the ketonic group of the ketol 


* The interpretations previously suggested for this type of racemisation (cf., for example, McKenzie 
and Wren, J., 1919, 115, 602; McKenzie and Smith, J., 1922, 121, 1348; Ber., 1925, 58, 894) not only 
with ketones but also with esters and acid amides have received much support from the researches of 
other authors, more particularly with enolates (Scheibler and Voss, Ber., 1920, 58, 388; Scheibler and 
Ziegner, Ber., 1922, 55, 789; Staudinger and Meyer, Helv. Chim. Acta, 1922, §, 656; Hiickel, Z. angew. 
Chem., 1926, 39, 842; Hiickel and Goth, Ber., 1925, 58, 447; Miiller, Annalen, 1930, 491, 251; Schlenk, 
Hillemann, and Rodloff, Annalen, 1931, 487, 135). 
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Ph-CH(OH)-CO-R has a smaller molecular weight than the radical R’ introduced by the 
action of R’MgX, then the glycol obtained is the a-form, whereas when R has a greater 
molecular weight than R’, the 8-glycol is obtained. The optically active methylhydro- 
benzoin prepared from (—)benzoin is thus the $-form, whereas the isomeride from 
ee )acetylphenylcarbinol and phenylmagnesium bromide (Neuberg and Ohle, Biochem. Z., 
1922, 127, 327; Roger, ibid., 1931, 230, 320) is the a-form. 

The «-form of (+)p- tolylhydrobenzoin was prepared by Roger and McKay (loc. cit.) 

by the action of p-tolylmagnesium bromide on ast : 
C,H," => 


(—)Ph-CH(OH)-CO-Ph ——— HS CC 


The B-form from phenylmagnesium bromide and Pai astemiee 


fe ata on 


(—)Ph-CH(OH)-CO-C,H, oC 
HO OH 


has now been prepared. Like the «-form, it is strongly dextrorotatory, a change of sign 
taking place in its formation. A comparison of the rotatory powers of these «- and 8-glycols 
shows a somewhat remarkable concordance: the a-form has [«];4., + 252-6°, + 308-4°, 
-+ 260-4°, and + 264-5° in acetone, benzene, chloroform, and ethyl alcohol respectively, 
whereas the corresponding values for the $-form are + 252°, + 305-7°, + 259-3°, and 
-+ 266-4° respectively. Now, Roger and McKay (loc. cit.) from a study of the rotatory 
dispersions of (-+-)o-, m-, and -tolylhydrobenzoins («-forms) and (+-)triphenylethylene 
glycol have shown that the new asymmetric centres arising from the formation of the 
tolylhydrobenzoins from (—)benzoin have little, if any, influence on the rotatory powers 
exhibited by the glycols themselves in various solvents. The question whether the new 


asymmetric centre in a glycol such as (+-)~-tolylhydrobenzoin (8-form) is really a centre 
of optical activity is an interesting one. 

When the a- and $-forms of (-+-)m-tolylhydrobenzoin are contrasted, the divergence 
in rotatory power is more pronounced than with the #-tolyl glycols, the «-form having 
[a] 54g, some 20° higher than the @-form in the solvents examined. 

The 6-form of (-+-)anisylhydrobenzoin is also described. 


EXPERIMENTAL. 


In the majority of the preparations involving (+-)mandelonitrile the crude crystalline 
product obtained by the action of sulphuric acid on amygdalin was employed (Smith, /oc. cit.). 
Occasionally the optically pure nitrile obtained by crystallising the crude product from light 
petroleum( b. p. 40—60°)-carbon disulphide was used. 

(—)p-Toluoylphenyicarbinol_—An ethereal solution of (-+-)mandelonitrile (8 g.) was added 
within 10 minutes to the Grignard reagent prepared from p-bromotoluene (39 g.), and the mixture 
heated for 15 minutes. On cooling, decomposition of the additive complex was effected by ice— 
concentrated hydrochloric acid (60 c.c.). The ethereal layer, containing p-ditolyl but practically 
no ketol, was separated as quickly as possible after the solid had dissolved. The aqueous 
solution was kept in the ice-chest for 2 days, the hydrolysis of the ketimine hydrochloride taking 
place somewhat slowly in this case. The precipitated solid (7 g.) was crystallised four times 
from light petroleum (b. p. 60—80°)-ethyl alcohol until it was optically pure. Yield, 3-5 g. 

(—)p-7 oluoylphenyicarbinol separates in needles, m. p. 102—103° (Found: C, 79-2; H, 6-2. 
C,,;H,,0, requires C, 79-6; H, 6-2%). Inacetone: / = 2,c=1, aff” — 1-73°, [a]i7’ — 86-5°; 
l= 2, c= 1-004, a, — 2-08°, [a]33, — 103-6°. In ethyl alcohol: / = 2, c = 1-005, a2%, 
— 2-41°, [a)%, — 120°. A trace of the ketol when warmed with concentrated sulphuric acid 
gave a yellowish-green coloration. 

Catalytic Racemisation of (—)p-Toluoylphenylcarbinol_—Five drops of N-ethyl-alcoholic 
potash were added to the solution used in the preceding polarimetric determination : 


aes : —1°45° —1-19° —1-05° —0°97° —0°54° —0°30° 
43 60 73 87 177 23 (hrs.) 
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Three additional drops of alcoholic potash caused the solution to become optically inactive 
after 30 minutes. After expulsion of the alcohol the residue after treatment with water was an 
oily solid consisting of a mixture of r-p-toluoylphenylcarbinol and r-benzoyl-p-tolylcarbinol. 
The aqueous solution from which this mixture was separated gave on acidification with mineral 
acid a mixture of benzoic and p-toluic acids, the ketols having undergone some alcoholic scission. 

Action of Phenylmagnesium Bromide on (—)p-Toluoylphenylcarbinol,—The Grignard reagent 
prepared from bromobenzene (17 g.) was gradually added to an ethereal solution of (—)p-toluoyl- 
phenylcarbinol (4 g.). After heating for 3 hours, the product was treated with ice and dilute 
sulphuric acid, the ethereal solution dried (sodium sulphate), and the ether removed. The 
oily product gradually solidified after the addition of light petroleum and the solid was then 
crystallised from light petroleum (b. p. 80—100°)-ethyl alcohol. Yield, 2-5 g. 

(+)p-Tolylhydrobenzoin (B-form) separates in needles, m. p. 135-5—136° (Found: C, 83-0; 
H, 6-8. C,H yO, requires C, 82-9; H, 6-6%), whereas the isomeric (-+-)a-form has m. p. 120— 
121° (Roger and McKay, Joc. cit.). (The melting points of these and other substituted hydro- 
benzoins, however, vary according to the rate of heating, some dehydration taking place at 
elevated temperatures.) A trace of the 8-form gives a pale green coloration when added to 
concentrated sulphuric acid. 

The following determinations were made at 25° for 15461 (/ = 2): 


Solvent. ‘ " [a]. 


Acetone . ° ae 2 52° 
Benzene r ‘ +305°7 
Chloroform fe ‘ +259°3 
Ethyl alcohol , P +266°4 


The specific rotation in acetone decreased with increasing temperature (/ = 2, c = 1): 
4861 5461 5893 6563 

[a] at 0° +397°5° +296°5° +248° +181° 

fa] at 40° +241° +199°5° +155° 
A similar decrease with increasing temperature was also observed in acetone by Roger and 
McKay (loc. cit.) for the a-glycol : 

0° 195° 30° 
+210°6° +205°1° 

Action of Phenylmagnesium Bromide on r-p-Toluoylphenylcarbinol.—r-p-Toluoylphenyl- 
carbinol, m. p. 109—110°, was prepared from d/-mandelonitrile and p-tolylmagnesium bromide 
according to Weissberger, Strasser, Mainz, and Schwarze (Amnalen, 1930, 478, 126), a method 
which gives a better yield than that of McKenzie, Martin, and Rule (/oc. cit.) from r-mandelamide. 
3 G. of the ketol (1 mol.) were acted upon by phenylmagnesium bromide (6 mols.). Yield of 
glycol, 2 g. 

r-p-Tolylhydrobenzoin (8-form) separates from benzene-light petroleum in plates, m. p. 
181—182° (Found : C, 82-9; H, 6-7. C,,H,,O, requires C, 82-9; H, 6-6%), whereas the isomeric 
a-form (McKenzie, Mills, and Myles, Ber., 1930, 63, 911) has m. p. 161—162°, 

(—)m-Toluoylphenylcarbinol_—This compound was prepared from m-tolylmagnesium 
bromide and (+)mandelonitrile, the procedure being similar to that adopted for the p-toluoyl 
isomeride, It crystallised from light petroleum (b. p. 60—80°)-ethyl alcohol in needles, m. p. 
73—73-5° (Found: C, 79-5; H, 6-1. C,;H,,O, requires C, 79-6; H, 6-2%), and gave an olive- 
green coloration on warming with concentrated sulphuric acid. 

In acetone (/ = 2, c = 1-0015): a2, — 2-45°, [«]%5, — 122-3°. 

In ethyl alcohol (/ = 2, c = 1): afi, — 3-02°, [a]3, — 151°. 

The addition of three drops of N-alcoholic potash caused the rotation of the latter solution 
to fall to — 0-50° after 7 hours. Over-night the rotation was unchanged. Four additional drops 
of alcoholic potash added to the neutral solution caused complete racemisation after 56 minutes. 

r-m-T oluoylphenylcarbinol—When the product from the action of m-tolylmagnesium 
bromide (3 mols.) on d/-mandelonitrile (1 mol.) was decomposed by ice and concentrated 
hydrochloric acid, and the aqueous solution separated as usual, the bulk of the ketimine 
hydrochloride was gradually deposited as a solid, which was decomposed by alcoholic hydro- 
chloric acid. 

r-m-Toluoylphenyicarbinol crystallises from light petroleum (b. p. 60—80°) in rectangular 
prisms, m. p. 69-5—70° (Found : C, 79-6; H, 6-5. C,;H,,O, requires C, 79-6; H, 6-2%). 

Action of Phenylmagnesium Bromide on (—)m-Toluoylphenylcarbinol.—This action gave 
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(+)m-tolylhydrobenzoin (8-form), which separates from light petroleum-—ethy]l alcohol in needles, 
m. p. 125—126° (Found: C, 83-2; H, 6-5. C,,H» O, requires C, 82-9; H, 6-6%), whereas 
the isomeric «-form has m. p. 106—108°. The following determinations were made at 25° (/ = 2) : 


Solvent. c. 25790- 25461- 4358- [a] s790- [a] sae1- [a]asse- 
Acetone 1:9975 +8°37° + 976° -+17°48° +209°5° +2443° -+437°5° 
Ethyl] alcohol 2-003 +8°93 +10°19 — +222°9 +254°4 — 
Chloroform 2-0055 +8°56 + 9°88 — +213°4 +246°3 — 
Benzene 1°1235 +5°53 + 6°39 — +246°1 +284°4 — 


It gives a green coloration with concentrated sulphuric acid. 

Action of Phenylmagnesium Bromide on r-m-Toluoylphenylcarbinol.—This action gave 
r-m-tolylhydrobenzoin (8-form), which crystallises from ethyl alcohol in long prisms, m. p. 123— 
124° (Found: C, 82-9; H, 6-7. C,,H  O, requires C, 82-9; H, 6-6%), whereas the isomeric 
a-form, prepared from m-tolylmagnesium bromide and r-benzoin (Roger and McKay, /oc. cit.), 
has m. p. 135—137°. 

Action of 0-Tolylmagnesium Bromide on (+-)Mandelonitrile-——In the course of an attempt 
to obtain the ketol from (-+-)mandelonitrile (5 g.), a yellow oil was obtained which contained 
neither chlorine nor nitrogen and did not reduce Fehling’s solution. It solidified in contact 
with light petroleum (b. p. 40—60°), and crystallised from this solvent in yellow hexagonal 
prisms, m. p. 57—58°. Yield, 1 g. The compound was phenyl o-tolyl diketone (2-methylbenzil) 
(Found : C, 80-1; H, 5-4. C,,H,,O, requires C, 80-3; H, 5-4%). 

This diketone, synthesised from o-toluonitrile by the stages o-C,H,Me*CN —» 
o-C,H,Me*CO-CH,Ph —-> 0-C,H,Me*CO’C(°(N-OH)Ph ——> o-C,H,Me*CO-CO:Ph, had m. p. 57— 
58° and gave no depression of m. p. when mixed with the product obtained from (-+-)mandelo- 
nitrile. 

Several attempts were made to obtain the mixed benzoin from (+)mandelonitrile, but the 
crystalline product obtained in each case was optically inactive. 

Action of Ethylmagnesium Bromide on (-+-)Mandeloniivile—An ethereal solution of 
(+)mandelonitrile (10 g.) was gradually added to the cooled Grignard reagent prepared from 
ethyl bromide (33 g.), the whole kept at the ordinary temperature for 2 hours, ice and con- 
centrated hydrochloric acid (65 c.c.) then added, and the ethereal layer separated. From the 
last a yellow oil (1-6 g.), b. p. 120—123°/14 mm., was obtained, whilst from the acid layer, which 
had been kept over-night, 3-4 g. of an oil, b. p. 120—126°/14 mm., were obtained. The products 
gradually solidified, and were then crystallised from light petroleum (b. p. 60—80°). The 
resulting (—)propionylphenylcarbinol (2 g.) separated in needles, m. p. 39—40°, and gave in 
chloroform (/ = 1, c = 1-763): af” — 7-58°, [a]#” — 430°; a}, — 9-39°, [«]%,, —533°. The 
ketol, obtained by Roger (/oc. cit.) by the action of ethylmagnesium bromide on (— )mandelamide, 
had m. p. 39—40° and [a]7” — 428° in chloroform (c = 1-35), whereas the r-isomeride (Tiffeneau 
and Lévy, Bull. Soc. chim., 1925, 37, 1247) from r-mandelamide has m. p. 32—33°. 

Action of Methylmagnesium Iodide on (+-)Mandelonitrile-—The oil obtained by decomposition 
of the additive complex from the action of the Grignard reagent prepared from methyl iodide 
(32 g.) on (-+-)mandelonitrile (8 g.) gave in ethyl-alcoholic solution (/ = 2, c = 2-0615): 
&s461 — 3°08°, [a] 546, — 74:7°. The rotation fell gradually to «5,,, — 0-28° in the presence of a 
few drops of alcoholic alkali. 

Wren (J., 1909, 95, 1593) synthesised the corresponding d/-ketol by the action of methyl- 
magnesium iodide on r-benzoin, and Roger (Biochem. Z., 1931, 230, 320) has applied this reaction 
to (—)benzoin, obtaining a ketol with [«]) — 154-8° in ethyl alcohol, whereas he obtained the 
value [a]p — 158° for the product by means of carboligase. The value of Neuberg and Ohle 
(loc. cit.) by the latter method is higher, namely [«]) — 176°, whilst the value — 108° given by 
Freudenberg, Schoeffel, and Braun (J. Amer. Chem. Soc., 1932, 54, 234) is low. 

Our product was thus a partially racemised (—)acetylphenylcarbinol. The preparation 
was repeated several times, and partial racemisation was always detected. 

r-cycloHexoylphenylcarbinol.—dl-Mandelonitrile (11-5 g.) was added to the Grignard reagent 
prepared from cyclohexyl bromide (50 g.). The oil obtained by the usual procedure was distilled, 
and the main fraction was nucleated by crystals obtained fortuitously in a preliminary experi- 
ment. The oil then solidified, and was crystallised several times from light petroleum (b. p. 40— 
60°). Yield, 3 g. 

r-cycloHexoylphenylcarbinol separates in long silky needles, m. p. 62—63° (Found : C, 76-8; 
H, 8-5. C,,H,,O, requires C, 77-0; H, 8-3%). 

Action of Phenylmagnesium Bromide on r-cycloHexoylphenyicarbinol.—The Grignard reagent 
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prepared from bromobenzene (10 g.) was added to an ethereal solution of r-cyclohexoylphenyl- 
carbinol (2 g.). The oil resulting after the usual treatment crystallised from light petroleum 
(b. p. 80—100°) in needles, m. p. 133—134°, of r-cyclohexylhydrobenzoin (8-form) (Found : 
C, 80-7; H, 8-1. C.,H,,O, requires C, 81-0; H, 8:2%). 

Action of cycloHexylmagnesium Bromide on (+-)Mandelonitrile-—Several attempts were 
made to obtain the optically active ketol, in the course of which some of the r-ketol was isolated. 
The product of the highest optical rotatory power was an oil with [«]%j, — 134° (c = 1-019, 
in acetone), but this was not considered to be optically pure. 

Action of a-Naphthylmagnesium Bromide on (+) and on dl-Mandelonitrile-—We were 
unsuccessful in isolating the ketols. The substance which separated from the decomposition 
with hydrochloric acid of the product from the (+-)nitrile crystallised from alcohol-ether in 
needles, which melted mainly at 240—250° (decomp.), contained nitrogen and chlorine, and 
was optically inactive in alcoholic solution (¢ = 1-045). By the action of ammonia on a solution 
of this product in a mixture of methyl alcohol and water, a compound, which contained nitrogen 
but no chlorine and crystallised from benzene in needles, m. p. 260—260-5°, was isolated. It 
gave a deep blue coloration with concentrated sulphuric acid. By analogy with Gabriel’s work 
on the formation of pyrazine derivatives from «-amino-ketones, this compound appears to be 
2 : 5-diphenyl-3 : 6-di-a-naphthylpyrazine, formed by the condensation of the ketimine and 
oxidation of the resulting substituted dihydropyrazine, thus : 

Ph‘CH-OH , NH:CCH, . — PhCH-N:G-CyH, __. — Ph-NiC-CyoH, 
C,H,-CNH HO-CHPh C,,H,-C-N—CHPh C,,>H,"C-N°CPh 
(Found : C, 88-9; H, 5-2; N, 5-6. C,,H,,N, requires C, 89-2; H, 5-0; N, 5-8%). 

The oil from the d/-nitrile was distilled under a high vacuum, and the fraction, b. p. 185—230°, 
was crystallised from alcohol-light petroleum. The compound obtained was phenyl «-naphthyl 
diketone, PheCO-CO’C,,H,, which crystallises in yellow rectangular prisms, m. p. 102-5—-103° 
(Found: C, 82-9; H, 4-5. Calc. for C,,H,,0,: C, 83-0; H, 4:7%), whereas Ruggli and Reinert 
(Helv. Chim, Acta, 1926, 9, 67) give 101-5—102°. Its identity was established by its conversion 
by alcoholic potash into an acid (m. p. 146—-147°), which gave a green coloration with con- 
centrated sulphuric acid and exhibited no depression of melting point on admixture with a 
specimen of phenyl-«-naphthylglycollic acid prepared by the interaction of «-naphthylmagnesium 
bromide and ethyl benzoylformate (McKenzie and Tattersall, J., 1925, 127, 2522). 

Phenyl a-naphthyl diketone was also formed when the Grignard action was carried out in 
m-xylene instead of ether. The crude product after decomposition of the acid layer was washed 
with acetone, in which it was sparingly soluble, and a yellowish solid (m. p. 97—100°) containing 
neither nitrogen nor chlorine was obtained. This was slightly levorotatory and the optical 
activity vanished after the addition of a trace of alcoholic potash. This indicated that some 
of the optically active mixed benzoin had been present. The main constituent of the product, 
m. p. 97—100°, was, however, the diketone. 

(—)A nisoylphenylcarbinol.—After the addition of an ethereal solution of (-+-)mandelonitrile 
(9 g.) to the Grignard reagent prepared from anisyl bromide (38 g.), the mixture was decomposed 
in the usual manner, the ethereal solution (containing dianisyl and only a little of the ketol) 
neglected, and the acid solution of the ketimine hydrochloride kept for 3 days at the ordinary 
temperature.* The solid (7 g.) was separated and was crystallised from light petroleum (b. p. 
80—100°), containing a little alcohol. 

(—)Anisoylphenylcarbinol [(—)benzanisoin] forms prisms, m. p. 102-5—103-5° (Found : 
C, 74:1; H, 5-9. C,,H,,O, requires C, 74:3; H, 58%). In acetone (/ = 2, c = 1-0005) : 
ass, — 1-53°, [o]23, —76-5°. In ethyl alcohol (/ = 2, c = 1-0055): «2%, —1-81°, [«]?%, — 90°. 
A trace gives a green coloration on warming with concentrated sulphuric acid. 

Catalytic Racemisation of (—)Anisoylphenyicarbinol.—Five drops of N-ethyl-alcoholic 
potash were added to the preceding solution : 

—1:57° —1:36° —1:25° —1:16° —108° -—095° —0-°84° 
12 24 32 39 45 57 72 
—0°43° —0-29° —013° —007° —0-03° —0-00° 
121 172 239 301 351 41l 

The reaction is unimolecular. 





* When this solution was kept for a shorter time, a varying amount of an orange-coloured solid 
generally separated. This consisted of the crude ketimine hydrochloride, as it gave the ketol when its 
warm alcoholic solution was decomposed by a little concentrated hydrochloric acid. 
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When the oily mixture of r-benzanisoin and r-anisbenzoin obtained after the evaporation 
of the alcohol was crystallised from rectified spirits, rosettes of needles separated (m. p. 105-5— 
106-5°), not depressed on admixture with a specimen of r-benzanisoin obtained by the action 
of alcoholic potassium cyanide on a mixture of benzaldehyde and anisaldehyde (McKenzie, 
Luis, Tiffeneau, and Weill, Joc. cit.; Luis, Joc. cit.). 

Action of Phenylmagnesium Bromide on (—)Benzanisoin.—After decomposition of the product 
from this action by ice and hydrochloric acid, the ethereal solution was removed, the ether 
expelled, the diphenyl separated by steam distillation, the crude glycol extracted with ether, 
and the resulting product crystallised from light petroleum (b. p. 80—100°) containing a little 
alcohol. 

(+)Anisylhydrobenzoin (8-form) separates in rosettes of fine needles, m. p. 146—147° 
(Found: C, 78-5; H, 6-4. C,,H,,O, requires C, 78-7; H, 6-3%). The r-isomeride (8-form) 
obtained from r-benzanisoin and phenylmagnesium bromide has m. p. 155—156°, and the 
y-isomeride (a«-form) from yr-benzoin and anisylmagnesium bromide has m. p. 203—204° 
(McKenzie, Luis, Tiffeneau, and Weill, Joc. cit.). The following determinations were carried 
out in acetone (/ = 2, c = 1-0975, ¢ = 20°) : 

6162 5893 5461 5106 4861 4583 4358 
358° + 417° + 476° + 570° + 675° + 771° + 894° + 10°40° 
+163°1° +190° +216°9° +259°7° +307°5° +351°3° +407°3° +473°8° 
The effect of temperature was pronounced: for the same solution as the above, where aj, 
+ 5-70° was observed, the values at 0° and 40° were af,, + 6-14° and af, + 5-11°, respectively, 
corresponding with [a]%,, + 232-9° and [a]#%, + 279-7°. 


The authors are indebted to the Carnegie Trust for the Universities of Scotland for the award 
of a Scholarship to one of them (A. L. K.). 
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96. Homologues of Phenol. 
By GILBERT T. MorRGAN and ALFRED E. J. PETTET. 


LOW-TEMPERATURE carbonisation of bituminous coal has added another species to the 
various tars arising from the industrial use of this fuel, and an investigation of the chemical 
constituents of low-temperature tar and of its aqueous liquor has been pursued during the 
last eight years in the Chemical Research Laboratory of the Department of Scientific and 
Industrial Research. In addition to phenol and the cresols, which are appreciably soluble 
in water, the aqueous liquor, when derived from highly oxygenated coal, contains a 
relatively large quantity of catechol, with smaller amounts of two homocatechols, resorcinol 
and quinol (Morgan, Pratt, and Pettet, J. Soc. Chem. Ind., 1929, 48, 897; 1931, 50, 727). 
In comparison with tars from high-temperature carbonisation, low-temperature tar con- 
tains a high proportion of “ tar acids,” that is, of phenol and its homologues, among 
which certain higher members have remarkable properties as bactericides and as wetting 
agents (Morgan, ibid., 1928, 47, 131; Morgan, Pratt, and Pettet, J. Soc. Dyers and 
Colourists, 1933, 49, 125). 

Among the products already recognised in our investigation of low-temperature tar 
are phenol, the three cresols, five of the six xylenols, and 3-methyl-5-ethylphenol, the 
whole of which accounts, in general, for only 50—60% of the total content of crystallisable 
phenols. As the series is ascended, the task of identification becomes increasingly difficult, 
so that it is essential to have recourse to authentic specimens of higher phenols prepared 
by synthetic processes, and the present communication relates to the production of certain 
homologues containing methyl and ethyl substituents and having the general formula 
C,H,,°OH. 

This series includes the hitherto unknown 2: 3: 6-trimethylphenol (consecutive - 
cumenol), which is of scientific interest as being the only missing member of the group of 
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methyl-substituted phenols which begins with the cresols and ends with pentamethyl- 
phenol. This gap has now been filled by the following synthesis :— 
I. 2:3: 6-Trimethylphenol. 


M Me M Me 
©: ; oie 
NO, 
NH, NO, 
oe ve Me e M - 
Ny, Me *— e * 


2:3: 6-Trimethylaniline, obtained, through four intermediates, from y-cumene (Huender, 
Rec. trav. chim., 1915, 34, 9), was diazotised to yield the corresponding phenol. 

Of ten possible methylethylphenols, the following five have already been synthesised 
by methods which establish their constitution: 2-methyl-4-ethylphenol (Clemmensen, 
Ber., 1914, 47, 54), 2-methyl-6-ethylphenol (Auwers and Wittig, Ber., 1924, 57, 1270), 
3-methyl-4-ethylphenol (Auwers and Mauss, Amnalen, 1928, 460, 240), 3-methyl-6-ethyl- 
phenol (Auwers, Bundesmann, and Wieners, Amnalen, 1926, 447, 162), and 4-methyl- 
6-ethylphenol (Hill and Graf, J. Amer. Chem. Soc., 1915, 37, 1843), while 3-methyl-5- 
ethylphenol has been isolated from coke-oven tar by Kruber and Schmitt (Ber., 1931, 64, 
2270) and from low-temperature tar by ourselves, but has not hitherto been synthesised. 
Of the five methylethylphenols not yet synthesised, we have now prepared the following 
isomerides :— 

II. 2-Methyl-5-ethylphenol was obtained by the following series pate reactions :— 


NH, 


NO, 
\Me Me Me 
waco) —> MeC —* MeCO Me __, MeCO ir ae 


The orientation of the phenol and of the intermediates utilised in this synthesis follows 
from that of the mono-nitrated p-methylacetophenone (Errera, Gazzetta, 1891, 21, 92; 
Brady and Day, this vol., p. 114). 

Impure 2-methyl-5-ethylphenol has also been obtained from the unoriented “ « ’’-sul- 
phonic acid of p-ethyltoluene (Bayrac, Bull. Soc. chim., 1895, 18, 890), but its configuration 
was not determined. 

III. 3-Methyl-5-ethylphenol was a as follows :— 


NO, NH, OH 
se —_> iy 2» > > 
e E Me - —> Et “hy Et e Et /Me Et e 


The configuration of the first intermediate product, obtained by condensing o-toluidine with 
ethyl alcohol (Benz, Ber., 1882, 15, 1650), was confirmed by conversion of the base into 
2-methyl-4-ethylphenol, while the constitution of 3-methyl-5-ethylphenol was settled by 
oxidation of its methyl ether to 5-methoxyisophthalic acid. The position of the side 
chains in the final product of the synthesis establishes the configuration of the remaining 
three intermediates. 

IV. 4-Methyl-3-ethylphenol. This synthesis was effected in a manner similar to that 
of 3-methyl-5-ethylphenol, but a with m-toluidine :— 


NO, 


CP aI aI af) > af) 
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The configuration of the first intermediate product was established by direct conversion 
in this case into 3-methyl-4-ethylphenol, while the second intermediate was proved to be 
2-nitro-5-methyl-4-ethylaniline by removal of the amino-group, followed by reduction to 
give 4-methyl-3-ethylaniline, a known compound (Hill and Graf, doc. cit.). 


EXPERIMENTAL. 


I. 2:3: 6-Trimethylphenol.—2 : 3 : 6-Trimethylaniline (5 g.) (Huender, Joc. cit.) was diazo- 
tised in dilute sulphuric acid, and the diazonium solution decomposed to give 2: 3: 6-iri- 
methylphenol, which crystallised from petroleum (b. p. 40—60°) in colourless needles (2 g.), 
m. p. 62° (Found: C, 79-2; H, 8-8. C,H,,O requires C, 79-4; H, 88%). The p-xenylcarb- 
amate has m. p. 189° (Found: C, 79-8; H, 6-3. C,,H,,O,N requires C, 79-8; H, 6-3%). 

II, 2-Methyl-5-ethylphenol.—A mixture of 40 c.c. of concentrated nitric acid with 60 c.c. of 
concentrated sulphuric acid was added to a well-stirred solution of 65 c.c. of p-methylaceto- 
phenone in 150 c.c. of concentrated sulphuric acid cooled to 0°. The reaction mixture was 
poured on ice, and the precipitated nitro-compound washed successively with water and ice-cold 
alcohol and finally recrystallised from the least possible quantity of boiling alcohol. Yield, 
44 g. of 3-nitro-4-methylacetophenone, m. p. 62°. 

Iron filings (55 g.) were added during 1} hours to a stirred suspension of 3-nitro-4-methyl- 
acetophenone (40 g.) in 1% hydrochloric acid (100 c.c.) at 95—100°. The product was made 
alkaline with ammonia, and the precipitate extracted with ether. 3-Amino-4-methylaceto- 
phenone (Brady and Day, Joc. cit.), removed from the ethereal extract by dilute mineral acid 
and liberated by addition of ammonia, crystallised from petroleum (b. p. 60—80°) in colourless 
leaflets (30 g.), m. p. 81° (Found: C, 72-6; H, 7-5; N, 9-4. Calc. for C,H,,ON: C, 72-5; 
H, 7-4; N, 9-4%). 

The foregoing base (20 g.) was diazotised in dilute sulphuric acid, and the diazonium solu- 
tion decomposed by pouring into boiling 20% sulphuric acid. The crude 3-hydroxy-4-methyl- 
acetophenone separating from the cooled solution was crystallised successively from petroleum 
(b. p. 60—80°) and benzene. It separated in colourless prisms (15 g.), m. p. 119—120° (Found : 
C, 71-8; H, 6-7. C,H, O, requires C, 72-0; H, 6-7%). 

3-Hydroxy-4-methylacetophenone (15 g.) and amalgamated zinc (45 g.) were refluxed for 6 
hours with 45 c.c. of concentrated hydrochloric acid and 45 c.c. of water. The resulting 
mixture was distilled in steam and yielded 7 g. of 2-methyl-5-ethylphenol, b. p. 224° (Found: 
C, 79-2; H, 8-9. C,H,,0 requires C, 79-4; H, 8-8%). The p-xenylcarbamate has m. p. 160° 
(Found: C, 79-5; H, 6-4. C,,H,,0O,N requires C, 79-8; H, 6-3%). The p-xenylcarbamate of 
the “‘ « ’-phenol prepared according to Bayrac’s instructions melted at 154—158°, and addition 
of 2-methyl-5-ethylphenyl p-xenylcarbamate raised this m. p. to 155—159°. 

III. 3-Methyl-5-ethylphenol_—Fuming nitric acid (120 c.c.) was dropped into a solution of 
50 g. of 2-methyl-4-ethylacetanilide (Benz, Joc. cit.) in 120 c.c. of glacial acetic acid, the temper- 
ature of which was allowed to rise to 40°. After 5 hours at room temperature, the product 
was poured on ice, and the precipitated solid recrystallised from aqueous alcohol to give 45 g. 
of 6-nitro-2-methyl-4-ethylacetanilide, pale yellow needles, m. p. 142° (Found: C, 59-4; H, 6-4; 
N, 12-7. C,,H,,0,N, requires C, 59-5; H, 6-3; N, 12-6%). Deacetylation of this compound 
by boiling for 5 hours with 25% hydrochloric acid gave 6-nitro-2-methyl-4-ethylaniline, which 
crystallised from petroleum (b. p. 60—80°) in brilliant red prisms, m. p. 64° (Found: C, 60-1; 
H, 6-8. C,H,,0,N, requires C, 60-0; H, 6-7%). 

A solution of 40 g. of 6-nitro-2-methyl-4-ethylaniline in 400 c.c. of 80% sulphuric acid was 
diazotised and poured into 1,500 c.c. of boiling industrial alcohol. After removal of excess of 
alcohol and distillation of the residue in steam, 1-nitro-3-methyl-5-ethylbenzene separated from 
the distillate as a yellow oil (27 g.), b. p. 262—264° (Found: C, 65-4; H, 6-8. C,H,,0O,N requires 
C, 65-5; H, 6-7%). 

Iron filings (45 g.) were added during 14 hours to 1-nitro-3-methyl-5-ethylbenzene (25 g.), 
suspended in 150 c.c. of 1% hydrochloric acid at 95—100°. The product was rendered 
ammoniacal and the crude base obtained by distillation in steam was redistilled to give 10 g. 
of 3-methyl-5-ethylaniline, b. p. 233° (Found: C, 79-9; H, 9-8. C,H,,N requires C, 80-0; H, 
9-6%), the acetyl derivative of which has m, p. 111° (Found: C, 74:5; H, 86; N, 82. 
C,,H,,ON requires C, 74-6; H, 8-5; N, 7-9%). 

The diazonium sulphate solution obtained from 20 g. of the foregoing base was poured into 
boiling 20% sulphuric acid, and the resulting phenol continuously removed by a current of 
steam. After purification from neutral by-products, 11 g. of 3-methyl-5-ethylphenol were 
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obtained, m. p. 51°, b. p. 233° (Found: C, 79-2; H, 9-1. Calc. for C,H,,0: C, 79-4; H, 
88%). This homologue of phenol crystallises from petroleum (b. p. 40—60°) in stout colour- 
less prisms, having an odour indistinguishable from that of m-5-xylenol. The phenylcarb- 
amate, m. p. 151°, does not depress the melting point (151°) of m-5-xylenyl phenylcarbamate, 
but the p-xenylcarbamate, m. p. 125° (Found: C, 79-7; H, 6-4. C,,H,,O,N requires C, 79-8; 
H, 63%), and p-xenoate, m. p. 70° (Found: C, 83-6; H, 6-3. C,,H, O, requires C, 83-5; H, 
6-3%), depress the melting points, 148° and 120° respectively, of the corresponding m-5-xylenol 
derivatives. 

3-Methyl-5-ethylphenol methyl ether (2 g.), suspended in 150 c.c. of 5% caustic soda solu- 
tion at 95—100°, was oxidised by the addition, during 8 hours, of 400 c.c. of 4% potassium 
permanganate solution. After removal of manganese dioxide, 5-methoxyisophthalic acid was 
liberated from the concentrated filtrate, and esterified with methyl alcohol. Methyl 5-methoxy- 
isophthalate, crystallised from petroleum (b. p. 60—80°), had m. p. 109°, unchanged by admix- 
ture with an authentic specimen (Found: C, 58-6; H, 5-4. (C,,H,,0O, requires C, 58-9; 
H, 54%). 

It is essential that the nitration of 2-methyl-4-ethylacetanilide (p. 420) be carried out in 

the absence of sulphuric acid, since, if this acid is used to assist the reaction, the product is 
5-nitro-2-methyl-4-ethylacetanilide, m. p. 143° (Found: C, 59-3; H, 6-4. C,,H,,O,N, requires: 
C, 59-5; H, 6-3%). The configuration of this m-nitration product was proved by the following 
series of reactions: deacetylation gave 5-mitro-2-methyl-4-ethylaniline, golden needles, m. p. 74° 
(Found: C, 60-1; H, 6-8. C,H,,0,N, requires C, 60-0; H, 6-7%), which was deaminated to 
give 1-nitro-4-methyl-2-ethylbenzene, b. p. 253—263° (Found: C, 65-2; H, 6-8. C,H,,0O,N 
requires C, 65-5; H, 6-7%). Reduction of this nitro-compound provided 4-methyl-2-ethyl- 
aniline, b. p. 230° (acetyl derivative, m. p. 132°. Found: C, 74:9; H, 85. C,,H,,ON 
requires C, 74-6; H, 8-5%), which was converted by the diazonium reaction into 4-methy]l- 
2-ethylphenol (phenylcarbamate, m. p. 99°, not depressed by admixture with an authentic 
specimen). 
. IV. 4-Methyl-3-ethylphenol.—m-Toluidine (500 g.) was heated in an autoclave for 6 hours 
at 280° with a solution of anhydrous zinc chloride (580 g.) in absolute alcohol (220 g.), and the 
semi-solid product was worked up by solution in concentrated hydrochloric acid, followed by 
addition of excess of ammonia. The liberated oil was extracted with ether and separated into 
40 g. of phenolic oil, 70 g. of neutral oil, and 468 g. of basic oil. The bases were fractionally 
distilled, and the sulphates of the fraction b. p. 220—250°/760 mm. were crystallised from 
10% sulphuric acid and decomposed to yield 57 g. of 3-methyl-4-ethylaniline, b. p. 236° (Found : 
C, 80-0; H, 9-8; N, 10-2. C,H,,;N requires C, 80-0; H, 9-6; N, 10-4%), the acetyl 
derivative of which formed pearly leaflets (from petroleum), m. p. 90° (Found: C, 74-6; H, 
85; N, 7-9. C,,H,,ON requires C, 74-6; H, 85; N, 7-9%). For the orientation of its 
substituents, 3-methyl-4-ethylaniline was converted, through the diazonium reaction, into 
3-methyl-4-ethylphenol, m. p. 26°, b. p. 235°; the p-xenylcarbamate had m., p. 152° (Found : 
C, 79-5; H, 63. C,,H,,O,N requires C, 79-8; H, 6-3%), not depressed by admixture with 
the p-xenylcarbamate, m. p. 152°, of an authentic specimen of this phenol prepared from 
4-aceto-m-cresol. 

Fuming nitric acid (145 c.c.) was dropped into a solution of 3-methyl-4-ethylacetanilide 
(60 g.) in glacial acetic acid (145 c.c.), the temperature of which was allowed to rise to 40°. 
After 5 hours at room temperature, the product was poured on ice, and the precipitated solid 
crystallised from industrial alcohol to give 43 g. of 2-mnitro-5-methyl-4-ethylacetanilide, yellow 
needles, m. p. 103° (Found: C, 59-3; H, 6-4; N, 12-7. C,,H,,O,N, requires C, 59-5; H, 6-3; 
N, 12-6%). The alcoholic mother-liquors yielded a second nitvo-compound, colourless needles 
(from petroleum), m. p. 109° (Found: C, 59-3; H, 6-4. C,,H,,O;N, requires C, 59-5; H, 
63%). Deacetylation of the principal nitration product by boiling for 2 hours with 25% 
hydrochloric acid yielded 2-nitro-5-methyl-4-ethylaniline, dull orange prisms (from carbon 
tetrachloride), m. p. 90° (Found: C, 59-8; H, 6-9. C,H,,0O,N, requires C, 60-0; H, 6-7%). 

The foregoing substituted nitroaniline (27 g.) was diazotised in 80% sulphuric acid (270 c.c.), 
and the diazonium solution poured into 900 c.c. of boiling industrial alcohol. Removal of 
excess of alcohol and distillation of the residue in steam yielded 15 g. of 1-nitro-4-methyl-3- 
ethylbenzene, m. p. 23°, b. p. 271° (Found: C, 65-4; H, 6-8. C,H,,O,N requires C, 65-5; 
H, 6-7%). 

Seieeiiens of 1-nitro-4-methyl-3-ethylbenzene (14 g.) with iron filings and dilute hydro- 
chloric acid gave 8 g. of 4-methyl-3-ethylaniline, b. p. 234—235°, the acetyl derivative of which 
had m. p. 88° (Found: C, 74-6; H, 8-5. C,,H,,ON requires C, 74-6; H, 8-5%), not depressed 
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by admixture with the acetyl derivative of authentic 4-methyl-3-ethylaniline prepared by 
reduction of 3-chloroaceto-4-methylacetanilide (Hill and Graf, Joc. cit.). 

The diazonium sulphate solution obtained from 6 g. of 4-methyl-3-ethylaniline was decom- 
posed by boiling 20% sulphuric acid to yield 3-5 g. of 4-methyl-3-ethylphenol, b. p. 234—235° 
(Found: C, 79-3; H, 8-8. C,H,,O requires C, 79-4; H, 8-8%); p-*enylcarbamaie, m. p. 162° 
(Found : C, 79-7; H, 6-5. C,,H,,O,N requires C, 79-8; H, 6-3%). 

CHEMICAL RESEARCH LABORATORY, 
TEDDINGTON, MIDDLESEX. (Received, February 26th, 1934.] 





97. The Rearrangement of Hydroxy-sulphones. Part IV. 
By BERNARD A. KENT and SAMUEL SMILES. 


It has been shown (J., 1931, 2207, 3264; 1932, 1040, 1488) that this rearrangement (I —>» 
II) may be regarded as a displacement of sulphonyl from a positive carbon atom of B by 
oxygen of the o-hydroxylin A. There is no doubt that the close proximity of the oxygen 
atom and the positive carbon atom is necessary to this intramolecular displacement, but 
in addition to this fundamental requirement it is evident that the chief conditions con- 
trolling the process must be the following: (1) The positive character of c: increase in 
this should favour the change, not only by lessening the stability of linkage with the 
positive sulphur of sulphonyl, but also by increasing the demand for the electron supply 
offered by the oxygen. (2) The character of the medium in which the rearrangement is 
effected as expressed by the tendency to remove the proton from hydroxyl. (3) The 
character of the o-hydroxyl group as shown by the instability of the electron system of 
the oxygen or its capacity to act as a donor to meet the demand of the positive carbon 
atomc. Previous experiments have dealt with the first of these conditions in a qualitative 
manner and it has been shown that in accord with theory the intensity of the conditions 
required increases in the following order of substitution in B : o-nitro, p-nitro, #-methane- 
sulphonyl. Further study of the influence of substitution in B and of conditions (2) 
and (3) needs a more accurate method than that based on comparison of the conditions 
required to effect rearrangement; a suitable method has now been devised and is based 
on the facts that sulphones of type (I) containing an o- or p-nitro-group in B give intensely 
red solutions in alkaline media, whereas the products of rearrangement, sulphinic acids 
of type (II), give pale yellow solutions in these media. A colorimetric method is therefore 
available for comparing the times taken for the completion of the change of various sul- 
phones (I) under standard conditions of temperature and molecular dilution in the same 
or in different media, the completion of the change being indicated by comparison with 
solutions of the corresponding sulphinic acids (II) at the same temperature and molecular 
dilution and in the same solvent. The method cannot be regarded as a very accurate 
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one and in some cases it fails altogether owing to the formation of subsidiary products 
during the change. These arise in cases with a strongly positive carbon atom (c) in B, 
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such as the 2 : 4-dinitro-derivative ; hydrolysis by the alkaline medium, leading to rupture 
of the sulphone, may then take place simultaneously with the rearrangement. In other 
cases the sulphinic acid (II) may generate the thioxin by loss of nitrous acid in the alkaline 
medium and if this occurs before rearrangement of the sulphone is complete the method 
evidently becomes inaccurate. Thioxin formation, however, appears to be unusual; 
the conditions required for it have not been investigated, but generally, as, ¢.g., in the 
conversion of (V) into (VI), the process is very slow and only occurs after prolonged heating 
of the solution. In spite of these limitations the method has proved useful; the following 
table shows the times in minutes taken to complete the rearrangement of various sulphones 
in N/15-solution at 50° in the stated media. The amounts of the alkaline reagents 
present in these solutions are expressed relatively to the sulphone present; under A and 
B are given the substituents present in the aromatic nuclei of the parent 2-hydroxy- 


sulphone (I). 
1:25 Mols. 1°25 Mols. 1°25 Mols. 


1:25 Mols. 2°25 Mols. NaOMe NaOEt NaOPré 
A. B. NaOH aq. NaOH aq. in MeOH. in EtOH. in Pr®OH. 
5-Methyl 2-Nitro 315 240 270 240 180 
3:5-Dimethyl 2-Nitro 93 65 75 61 48 
5 : 6-Benzo 2-Nitro 5 3} 3 24 1 
5-Hydroxy 2-Nitro 125 28 
5-Methoxy 2-Nitro 360 
4-Hydroxy 2-Nitro 420 225 
5-Methyl 4-Chloro-2-nitro 125 
5-Methyl 2 : 4-Dinitro Rapid rearrangement with hydrolysis 
5-Chloro 2-Nitro Thioxin formed rapidly 
5-Hydroxy 2-Carboxy No rearrangement 
5-Methyl 3-Nitro No rearrangement 


The data referring to the influence of substitution in B confirm those from previous experi- 
ments already mentioned. For example, Nos. 1, 7, and 8 form a series with increasing 
positive character of c; the rearrangement of 8 proceeds very rapidly, but quantitative 
relationship to 1 and 7 cannot be stated owing to simultaneous hydrolysis. It is im- 
portant to notice that rearrangement of the corresponding m-nitro-sulphone (VII) and of 
the 2-nitrobenzyl sulphone (VIII), where sulphonyl is attached to feebly positive carbon, 
could not be realised even under more intense conditions than those effective with the 
o-nitro-compound (1) and the #-nitro-compound (J., 1932, 1489). Attention is also 
directed to the inertness of 10, containing the 2-carboxyl group in B, compared with the 
activity of 4, in which the carboxyl of 10 is replaced by the 2-nitro-group. Turning to 
the data illustrating the influence of the medium, it is seen (1, 2, 3, and 6) that within certain 
limits increase in concentration of aqueous sodium hydroxide facilitates the change and 
that the influence of the sodium alkoxides is greater than that of aqueous sodium hydroxide 
(1, 2, 3) and increases in the order: MeONa, EtONa, Pr8ONa. The order given is that 
already established for these reagents (Kon and Linstead, J., 1929, 1269) when arranged 
according to increasing capacity of removing a proton. The effect of varying the sub- 
stituents in A is also shown in the table and may be interpreted by their influence on the 
2-hydroxyl group as an electron source. From this point of view the data relating to 
4, 5, and 6 are interesting. When, as in 4, a negative ion is present in the para-position 
to the 2-oxygen atom, it is to be expected that the latter, owing to the electromeric effect 
of the ion, should acquire enhanced activity compared with 5 or 1, where the ion is replaced 
by methoxyl or methyl respectively. No. 6 has the negative ion in the meta-position 
with respect to the oxygen in question and rearrangement accordingly proceeds less rapidly 
than in the case of 4. This interpretation is supported by the effect of adding a second 
molecular proportion of alkali. The usual acceleration produced by this addition is seen 
in cases 1, 2, and 3 and has already been referred to. In the case of 4 the 2-oxygen atom 
acquires additional increase in activity owing to further ionisation of the 5-hydroxyl; in 
fact the second molecular proportion of alkali reduces the time of rearrangement to about 
one-fourth of that required when one molecule is present. Moreover this enhanced effect 
of alkali is not shown by the isomeride (6) or by the methoxy-derivative (5). Cases 1, 
2, and 3 are also worth attention. Comparison of 1 and 2 shows that in accordance with 
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theory substitution of an electron repelling methyl at the ortho-position with respect to 
the 2-hydroxy]l increases the activity of the latter, whilst the rapid conversion of 3 accords 
with the known character of hydroxyl in 2-naphthol. 

Evidently, then, these considerations justify the view taken of the part played by the 
2-hydroxyl group; moreover it is clear that, if the interpretation given of these results 
be correct, a sulphone such as (IX), containing aliphatic hydroxyl and c in the favourable 
1: 5 positions with respect te each other, should be more active than the corresponding 
derivatives of phenols or naphthols. Under usual conditions the conversion of this sul- 
phone (IX) into the sulphinic acid (X) took place so rapidly that measurement of the time 
required was not possible by the method used. The sulphinic acid was characterised by 
conversion into the disulphide (XI) by usual methods. To find more satisfactory com- 
parison of the activity of aliphatic and aromatic hydroxyl, attention was turned to the 
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sulphoxides, since previous experience (J., 1933, 1492) had shown that the mononitro- 
sulphoxides corresponding to 1 and 3 of the table (e.g., XIII) do not undergo rearrangement 
in presence of 2N-aqueous alkali, their stability compared with that of the sulphones being 
ascribed to the more weakly positive character of sulphur in thionyl compared with that 
in sulphonyl. The sulphoxide (XII), however, with dilute alkali rapidly gave a mixture 
of the disulphide (XI) and sulphinic acid (X), these being the normal decomposition 
products of a sulphenic acid (XIV) which is formed from the rearrangement. It is evident, 
then, that in accord with theory aliphatic hydroxyl is more active in these displacements 


than aromatic hydroxyl. 


O-S-C,H,:NO, O-S-C,H,NO, 
so. NO:  CH,S-OH P 
H,-0-C,H,NO, Me, Me _ 
OH Cl Me 
(XIITI.) (XIV.) (XV.) (XVI.) 


The sulphide corresponding to (IX) and (XII) was stable in presence of alkali; this is to 
be expected, since the easy conversion of 2-thiol oxides (III) into 2-hydroxy-sulphides 
(IV) has already been observed in the aromatic series (J., 1931, 914, 3264; 1932, 1042). 
Four further examples of this rearrangement (III —-> IV) are recorded in the experimental 
part. The sulphinic acids (II) were converted into disulphides, from which the thiol 
oxides (III) were generated by reduction; since the use of alkaline media was necessary 
for this purpose, the thiol oxides were not isolated, but instead the hydroxy-sulphides 
(IV) were obtained after rearrangement had taken place. This was done with the sulphinic 
acids obtained by rearrangement of the sulphones 1, 4, 5, and 7 of the table. 

The sulphides and sulphones required for these experiments were obtained by known 
methods; modifications of these which were necessary are described in the experimental 
part. In attempts to effect nuclear substitution in 2-chloro-m-5-xylenol and in y-cumenol 
by reaction with 2-nitrophenyl chlorothiol the sulphenates (XV) and (XVI) were instead 
obtained. The stability of these substances was remarkably greater than that of less 
highly substituted derivatives (compare Zincke, Annalen, 1912, 391, 71). 
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EXPERIMENTAL. 


Sulphides and Sulphones.—4-Chlovo-2-nitrophenyl 4-hydroxy-m-tolyl sulphide was obtained by 
heating 4-chloro-2-nitrophenyl chlorothiol with excess of p-cresol (100°, 3 hours), Unattacked 
p-cresol was removed in steam, and the residue triturated with aqueous sodium hydroxide. 
The required product, liberated from the alkaline solution, crystallised from acetic acid in 
yellow needles, m. p. 134° (Found : C, 53-0; H, 3-7; N, 4:5; Cl, 12-0; S, 10-7. C,3HO,NCIS 
requires C, 52-8; H, 3-4; N, 4-7; Cl, 12-0; S, 10-8%). The acetyl derivative formed needles, 
m. p. 86°, from alcohol (Found : C, 53-2; H, 3-8. C,sH,,0,NCIS requires C, 53-3; H, 3-6%). 

4-Chloro-2-nitrophenyl-4'-hydroxy-m-tolylsulphone (No. 7). The sulphide (5 g.) was oxidised 
in acetic acid (50 c.c.) by hydrogen peroxide (30%, 6 c.c.), which was added gradually (90°). 
When a sample of the product no longer gave a green colour in sulphuric acid, brine was added 
to the reacting mixture. The precipitated sulphone formed plates, m. p. 157°, from acetic 
acid (Found: C, 47-8; H, 3-2; N, 4-4; Cl, 10-6; S, 9-5. C,;H,O;NCIS requires C, 47-6; 
H, 3-0; N, 4:3; Cl, 10-8; S, 9-8%). 

2-Nitro-2' : 5'-dihydroxydiphenylsulphone (No. 4). -Benzoquinone (2-7 g.) was gradually 
added to a stirred solution (15°) of 2-nitrobenzenesulphinic acid (4-8 g.) in water (100 c.c.). 
The required sulphone slowly separated (6-8 g.); it formed needles, m. p. 214°, from acetic 
acid (Found: C, 48-8; H, 3-3; N, 4:8; S, 10-8. C,,H,O,NS requires C, 48-8; H, 3-0; N, 
4:7; S, 10-8%). 

2-Nitro-2' : 4'-dihydroxydiphenylsulphone (No. 6). The corresponding sulphide (Zincke, 
Annalen, 1912, 391, 87) was best obtained from the reaction of 2-nitrophenyl chlorothiol with 
resorcinol in chloroform, It had m. p. 157° and gave an acetyl derivative, m. p. 94° (Zincke 
records 150—151° and 102—103° respectively). Oxidation of the acetyl derivative of the 
sulphide (5 g.) was effected in acetic acid (37 c.c.) with hydrogen peroxide (6-2 c.c., 30%) and 
was complete in about 1 hour (90°). The acetyl derivative of the sulphone, obtained by diluting 
the mixture, and purified from acetic acid, had m, p. 125° (Found: C, 50-8; H, 3-7. C,g.H,;0,NS 
requires C, 50-7; H,3-4%). The required sulphone was readily liberated from this by hydrolysis 
with dilute sulphuric acid in hot alcohol. If formed pale yellow needles, m. p. 132°, from 
aqueous alcohol (Found: C, 48:7; H, 3-0. C,,H,O,N requires C, 48-8; H, 3-0%). 

2: 4-Dinitrophenyl 4-hydroxy-m-tolyl sulphide. 4-Hydroxy-m-tolylthiol (1 mol.), prepared 
by hydrolysis of the carbonate (Zincke and Arnold, Ber., 1917, 50, 116) under alkaline conditions, 
was treated with 2 : 4-dinitrochlorobenzene (1 mol.) and sodium ethoxide (1 mol.) in boiling 
alcohol. After removal of the solvent the residue was dissolved in excess of warm aqueous 
sodium hydroxide; when the solution was cooled, the sodium salt of the required sulphide 
separated. The sulphide formed yellow needles, m. p. 123°, from acetic acid (Found : C, 49-9; 
H, 3-6; N, 9-0. C,3;H,,O,N,S requires C, 50-1; H, 3-3; N, 9-1%). 

2 : 4-Dinitrophenyl-4'-hydroxy-m-tolylsulphone (No. 8) formed by oxidation of the preceding 
sulphide with hydrogen peroxide in acetic acid, was isolated by the addition of brine and formed 
pale yellow plates, m. p. 139—140° (Found: C, 46-1; H, 3-0; N, 8-4. C,3H,O,N,S requires 
C, 46-1; H, 3-0; N, 83%). 

3-Nitrophenyl 4-hydroxy-m-tolyl sulphide (compare VII). 3-Nitrophenyl disulphide (10 g.), 
obtained (78% yield) from 3-nitrobenzenesulphonyl chloride by reduction with hydrogen 
iodide (Ekbom, Ber., 1893, 26, 338), was converted into the chlorothiol by the usual method. 
The latter, when warmed in chloroform (20 c.c.) containing p-cresol (7 g.), quickly gave the 
required sulphide (14 g.), which was isolated as usual and formed pale yellow needles, m. p. 
112° (Found: C, 59-7; H, 4-2; N, 5-6; S, 12-1. C,,;H,,O,NS requires C, 59-8; H, 4-2; N, 
5-4; S, 12-2%). The acetyl derivative formed yellow needles, m. p. 96°, from alcohol. 

3-Nitrophenyl-4'-hydroxy-m-tolylsulphone (VII), obtained by the usual treatment of the 
sulphide with hydrogen peroxide in acetic acid, formed pale yellow plates, m. p. 133°, and, in 
contrast with the 2-nitro- and the 4-nitro-derivative, gave a pale yellow solution in aqueous 
sodium hydroxide (Found : C, 53-1; H, 3-9; N, 4:9; S, 10-9. C,,;H,,O;NS requires C, 53-2; 
H, 3-8; N, 4-8; S, 10-9%). This sulphone was treated with aqueous sodium hydroxide at 
various dilutions and temperatures, but no evidence of rearrangement was found. 

2-Nitro-2'-hydroxy-3' : 5'-dimethyldiphenyl sulphide was obtained by heating (100°) m-4- 
xylenol with 2-nitrophenyl] chlorothiol until hydrogen chloride was no longer liberated (3 hours). 
Isolated in the usual manner, it formed yellow needles, m. p. 123°, from acetic acid (Found : 
C, 61-0; H, 4-8; N, 5-1. C,,H,,0,NS requires C, 61-1; H, 4-7; N, 5-1%). The acetyl deriv- 
ative had m. p. 158° (Found: C, 60-8; H, 4:9. C,,H,,O,NS requires C, 60-6; H, 47%). 

The hydroxy-sulphide was converted by the usual treatment with hydrogen peroxide into 
FF 
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2-nitro-2'-hydroxy-3' : 5'-dimethyldiphenylsulphone (No. 2), which formed yellow plates, m. p. 
178° (Found: C, 54-4; H, 4-0; N, 4-6. (C,,H,,0,;NS requires C, 54-5; H, 4-2; N, 45%). 

2-Nitro-2'-hydroxy-5'-methoxydiphenyl sulphide was prepared by heating 2-nitrophenyl 
chlorothiol with 4-methoxyphenol (100°) and was isolated by extracting the cold mass with 
warm aqueous sodium hydroxide (2N). It formed yellow needles, m. p. 135°, from acetic 
acid (Found: C, 56-2; H, 4-0; N, 5-1; S, 11-7. C,,;H,,O,NS requires C, 56-3; H, 4-0; N, 
5-0; S, 115%). Conversion of this sulphide into 2-nitro-2'-hydroxy-5'-methoxydiphenylsulphone 
(No. 5) was effected by the usual process. This formed plates, m. p. 152°, from alcohol (Found : 
C, 50-8; H, 3-8; N, 4-4: S, 10-3. C,,;H,,O,NS requires C, 50-5; H, 3-6; N, 4-5; S, 10-3%). 

5'-Chloro-2-nitro-2'-hydroxydiphenyl sulphide, which could not be obtained from 4-chloro- 
phenol by the usual method, was prepared by heating 2-nitrobenzenesulphinic acid (5 g.) with 
4-chlorophenol (5 g.) during 2} hours (100°) under diminished pressure. The resulting mass 
was extracted with boiling dilute aqueous sodium hydroxide (charcoal); from the solution, 
dilute sulphuric acid (5°) liberated the required sulphide in an impure state. After purification 
from acetic acid it had m. p. 159° (Found: C, 51-0; H, 3-0; N, 5-3. C,,H,O,NCIS requires 
C, 61:1; H, 2-8; N, 5-0%). 

Oxidation of this sulphide to 5’-chloro-2-nitro-2'-hydroxydiphenylsulphone (No. 9) was effected 
as usual. The product formed plates, m. p. 175°, from acetic acid (Found: C, 45-7; H, 2-8; 
N, 4-6; S, 10-3. C,,H,O,NCIS requires C, 45-9; H, 2-6; N, 4-4; S, 10-2%). 

2-Nitrobenzyl-4'-hydroxy-m-tolylsulphone (VIII). Alcohol (50 c.c.) which contained the 
sodium salt of 4-hydroxy-m-tolylthiol (7-8 g.) and 2-nitrobenzyl chloride (9-5 g.) was boiled 
(15 mins.). The impure sulphide which remained after removal of the solvent and 2-nitro- 
benzyl chloride was oxidised with excess (4 mols.) of hydrogen peroxide in acetic acid. The 
sulphone, isolated as usual, formed needles, m. p. 139°, from alcohol (Found: C, 54-8; H, 4-2; 
N, 4:8. C,,H,,0,NS requires C, 54-7; H, 4:2; N, 4-6%). The substance was recovered from 
solutions in 2N-sodium hydroxide which had been heated for periods between 2 and 6 hours 
and at temperatures ranging from 100° to 180°. 

2-Nitrophenyl B-hydroxyethyl sulphoxide (XII). The corresponding sulphide (Bennett and 
Berry, J., 1927, 1668) was converted into the acetate, which without complete purification was 
treated (11 g.) with hydrogen peroxide (10 c.c., 30%) in acetic acid (50 c.c.) at 90—100° (1 
hour), The acetyl derivative of the required sulphoxide, isolated by addition of brine to the 
mixture, formed yellow needles, m. p. 113°, from aqueous acetic acid (Found: C, 46-4; H, 
4-2. CyH,,O,;NS requires C, 46-6; H, 43%). This substance was hydrolysed by boiling 
2N-sulphuric acid; the required hydroxy-sulphoxide separated from the cooled solution in 
pale yellow needles, m. p. 157° (Found : C, 44-7; H, 4-1; N, 6-6; S, 14:8. C,H,O,NS requires 
C, 44-6; H, 4:1; N, 6-5; S, 149%). 

2-Nitrophenyl-B-hydroxyethylsulphone (IX) was obtained by oxidising the acetyl derivative 
of the sulphoxide (XII) (5 g.) in acetic acid (25 c.c.) with hydrogen peroxide (4-5 c.c., 30%) 
at 100° (1 hour). When the mixture was diluted, the acetate of the sulphone separated as an 
oil; this was hydrolysed by hot dilute sulphuric acid, yielding the hydroxy-sulphone, which 
separated from the cooled mixture in needles, m. p. 88° (Found: C, 41-8; H, 4:3; S, 13-8. 
C,H,O,NS requires C, 41-5; H, 3-9; S, 13-8%). 

The preparation of the sulphones No. 1 (Levi, Rains, and Smiles, J., 1931, 3266), No. 3 
(loc. cit., p. 3268), and No. 10 (Price and Smiles, J., 1928, 3154) has already been described, 
together with the products obtained from the rearrangement of Nos. 1 and 3. 

Sulphinic Acids and Disulphides.—The sulphinic acids were generally prepared from the 
relevant hydroxy-sulphones by warming (50—90°) solutions of the latter in aqueous sodium 
hydroxide (10%) containing one and a half times the theoretical amount of the reagent. The 
treatment was continued until the red colour had faded to pale yellow; the sulphinic acid was 
then liberated and usually purified from aqueous acetone. 

The disulphides were obtained from the sulphinic acids by warming their solutions in acetic 
acid containing hydrogen iodide, sulphur dioxide being added during the process, The di- 
sulphides usually separated and were purified from acetic acid. 

The rearrangement of the thiols (II ——> IV) corresponding to these disulphides was generally 
done by reduction of the latter with glucose in presence of alkali as previously described 
(J., 1931, 3269) in the case of the disulphide generated from sulphone No. 3 by rearrangement 
and subsequent reduction in acid solution, A better method is described in the case of the 
disulphide related to sulphone No. 1. 

4-Chloro-2-nitrophenyl 3-sulphino-p-tolyl ether (V), from sulphone No. 7, formed needles, 
m. p. 137° (Found : C, 48-0; H, 3-1. C,s3H,gO,;NCIS requires C, 47-6; H, 30%). Elimination 
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of the sulphinic group from this substance was effected by oxidising the sodium salt with the 
theoretical amount of permanganate in aqueous solution. The impure sulphonate remaining 
after oxides of manganese and the solvent had been removed was hydrolysed with warm sul- 
phuric acid (60%). During this process 4-chloro-2-niirophenyl p-tolyl ether separated as an 
oil; it was purified from light petroleum and formed plates, m. p. 103°, which were identical 
with a sample obtained by the method of Le Févre, Saunder, and Turner (J., 1927, 1168) from 
potassium -tolyloxide and 2: 5-dichloronitrobenzene (Found: C, 59-4; H, 3-9; N, 5:3. 
C,3H yO3;NCl requires C, 59-2; H, 3-8; N, 5-3%). 

The sulphinic acid also yielded di-(4-p-chloro-o-nitrophenoxy-m-tolyl) disulphide (compare 
V), pale yellow needles, m. p. 133° (Found: C, 52-8; H, 3-3; N, 4-7; S, 10-7; M, 589. 
CygH,,O,N,CI,S, requires C, 52-9; H, 3-0; N, 4:7; S, 10-8%; M, 589). Reduction of this 
disulphide with glucose and alkali hydroxide gave 4-chloro-2-nitrophenyl 4-hydroxy-m-tolyl 
sulphide, m. p. 134°, identical with the product of synthesis already described. 

If during the preparation of the sodium sulphinate heating was continued for a longer 
period than that required to effect the rearrangement of the sulphone, the solution became 
turbid and after the lapse of some hours a solid had separated. This substance was 3-chloro- 
8-methoxyphenothioxin 10-dioxide (VI), m. p. 173° (Found: C, 55-6; H, 3-2; Cl, 12-7. 
C,3H,O,CIS requires C, 55-6; H, 3-2; Cl, 12-7%). 

2-Nitro-4'-hydroxy-2'-sulphinodiphenyl ether, from sulphone No, 4, had m. p. 64° (Found : 
C, 48-7; H, 3-3. C,,H,O,NS requires C, 48-8; H, 3-1%). It yielded di-(5-hydroxy-2-p- 
nilrophenoxyphenyl) disulphide, m. p. 207° (Found: C, 54-7; H, 3-2; N, 5-3; S, 12-1; M, 
526. C,,H,,0O,N,S, requires C, 54-9; H, 3-1; N, 5-3; S, 12-2%; M, 524), reduction of which 
with glucose yielded, after concurrent rearrangement, 2-nitro-2’ : 5'-dihydroxydiphenyl sulphide, 
m. p. 161° (Found: C, 54-9; H, 3-8. C,,H,O,NS requires C, 54:7; H, 3-4%). The identity 
of this sulphide was established by oxidation of its acetyl derivative, followed by hydrolysis 
of the product. The material then obtained, m. p. 212°, was identical with the sulphone No. 4. 

2-Nitro-5'-hydroxy-2'-sulphinodiphenyl ether, from sulphone No. 6, had m. p. 107° (decomp.) 
(Found: C, 48-5; H, 3-3. C,,H,O,NS requires C, 48-8; H, 31%). 

2: 4-Diniirophenyl 3-sulphino-p-tolyl ether, formed together with sodium dinitrophenoxide 
from sulphone No. 8 by the usual treatment, had m. p. 117—118° (Found: C, 46-4; H, 3-4. 
C,3;HO,N,S requires C, 46-1; H, 3-0%). 

2-Nitro-2'-sulphino-4' : 6'-dimethyldiphenyl ether, from sulphone No, 2, had m. p. 129° 
(Found: C, 54-6; H, 4-5. C,,H,,0;NS requires C, 54-7; H, 4-2%), and was converted by the 
usual method into di-(2-0-nitrophenoxy-3 : 5-dimethylphenyl) disulphide, pale yellow needles, 
m, p. 208° (Found: C, 61-6; H, 4:2; N, 5-4; M, 534. C,,H,,O,N,S, requires C, 61-3; H, 
4-3; N, 551%; M, 548). 

2-Nitro-4'-methoxy-2'-sulphinodiphenyl ether, from sulphone No. 5, had m. p. 122—123° 
(Found: C, 50-3; H, 3-7. C,3;H,,O,NS requires C, 50-5; H, 3-5%), and yielded after the 
usual treatment di-(2-0-nitrophenoxy-5-methoxyphenyl) disulphide, pale yellow needles, m. p. 
114° (Found: C, 56-3; H, 3-9; N, 5-2; S, 11-8; M, 560. C,g.H,,O,N,S, requires C, 56-5; 
H, 3-6; N, 5-0; S, 11-56%; M, 552), which on reduction with glucose in alkaline solution was 
converted into the sulphide from which the sulphone No. 5 had been prepared. 

4'-Chlovo-2-nitro-2'-sulphinodiphenyl ether, m. p. 117—118° (Found: C, 45-9; H, 2-9. 
C,,H,O;NCIS requires C, 45-9; H, 2-6%), was slowly formed from sulphone No. 9 together 
with the thioxin; owing to this circumstance comparison with the activity of other sulphones 
was not possible. The insoluble thioxin was removed with ether and the sulphinic acid was 
isolated as usual from the aqueous solution. Di-(5-chloro-2-o-nitrophenoxyphenyl) disulphide, 
readily formed from the sulphinic acid, had m. p. 159° (Found: C, 51-2; H, 2-8; N, 5-2; S, 
11-5. C,,H,,O,N,CI,S, requires C, 51-3; H, 2-5; N, 5-0; S, 11-4%). 

Reduction of di-(4-0-nitrophenoxy-m-tolyl) disulphide was effected by glucose as described 
(J., 1931, 3267), but in this and other cases the following method is to be preferred on account 
of the greater purity of the product. Alcohol (40 c.c.) containing sodium sulphide (0-2 g.), 
sodium hydroxide (0-1 g.), and the suspended disulphide (1 g.) was boiled until solution was 
complete. After dilution and addition of dilute sulphuric acid, 2-nitrophenyl 4-hydroxy-m- 
tolyl sulphide (compare sulphone No. 1) was liberated (90%) in an almost pure condition. 

8-0-Nitrophenoxyethanesulphinic acid (X) was rapidly formed in a solution of the sulphone 
(IX) (1 mol.) in aqueous sodium hydroxide (0-5%; 1-25 mols.). The sulphinic acid was 
liberated in the usual manner and, purified from hot water, formed needles, m, p. 121° (Found : 
C, 41-7; H, 4:3; N, 6-2; S, 13-7. C,H,O,NS requires C, 41-5; H, 3-9; N, 6-1; S, 18-8%). 
Under more intense conditions 2-nitrophenol was observed as a subsidiary product. The sul- 
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phinic acid was also obtained from the rearrangement of the sulphoxide (XII) as subsequently 
described. When it was reduced with hydriodic and sulphurous acids in warm dilute (50%) 
acetic acid, di-(8-0-nitrophenoxyethyl) disulphide (X1) was formed, and separated in needles, 
m. p. 76° (Found: C, 48-4; H, 44; S, 16-1; M, 382. C,.H,,O,N,S, requires C, 48-4; H, 
4-0; S, 161%; M, 396). This was also obtained by rearrangement of the sulphoxide (XII), 
which rapidly proceeded in presence of dilute sodium hydroxide solution. When the reagent 
(1-25 mols.; 1-5%) was added to the clear warm aqueous solution of the sulphoxide (1 mol. ; 
3%), the disulphide separated as an oil which quickly solidified. After this had been removed, 
the sulphinic acid was liberated from the solution in the usual manner and was found to be 
identical with that obtained by rearrangement of the sulphone. 

y-Cumenyl 2-nitrobenzenesulphenate (XVI). 2-Nitrophenyl chlorothiol (5 g.) and ¥-cumenol 
(4 g.) were heated (100°) until hydrogen chloride was no longer liberated. Unattacked phenol 
was removed by steam, and the residue triturated with cold 2N-alkali hydroxide. The residue 
(5 g.) consisted essentially of the sulphenate, which separated from propyl alcohol in yellow 
needles, m. p. 162° (Found: C, 61-9; H, 5-1; N, 5-1. C,;H,,0,;NS requires C, 62-2; H, 5-2; 
N, 4:8%). The substance was not attacked by boiling acetic acid and was slowly hydrolysed 
by boiling 2N-sodium hydroxide, yielding 2-nitropheny] disulphide. 

2-Chloro-m-5-xylyl 2-nitrobenzenesulphenate (XV) was prepared by a similar process. It 
formed yellow needles, m. p. 190°, from propyl alcohol and showed similar chemical behaviour 
(Found: C, 54-2; H, 4-1; N, 4-8. C,,H,,O,NCIS requires C, 54:3; H, 3-9; N, 4-5%). 


KinGc’s COLLEGE, LONDON. (Received, January 19th, 1934.] 





98. The Synthesis of 5: 6-Dimethyl-1 : 2-benzanthraquinone, a Degrad- 
ation Product of Deoxycholic Acid. 


By J. W. Cook and G. A. D. HasLEwoop. 


SELENIUM dehydrogenation of dehydronorcholene (II), the pyrolysis product of 12-keto- 
cholanic acid (Wieland and Schlichting, Z. physiol. Chem., 1925, 150, 273), gave a 30% 
yield of a yellow hydrocarbon which was readily obtained pure through its purplish-black, 
sparingly soluble picrate. This hydrocarbon was oxidised by chromic acid to a quinone-acid 
which on decarboxylation passed into a compound having the properties of a homologue 
of 1 : 2-benzanthraquinone. 
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The appearance of a paper by Wieland and Dane (zbid., 1933, 219, 240) describing the 
selenium dehydrogenation of dehydronorcholene necessitated the publication of a 
preliminary note concerning these experiments (Chem. and Ind., 1933, 52, 758). Wieland 
and Dane attributed structure (IV) to the dehydrogenation product, which was clearly 
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identical with our compound, and termed it methylcholanthrene, a convenient name which 
we propose to retain. They merely recorded the formation of methylcholanthrene and its 
reduction to a hexahydro-derivative (we regard the constitution which they assigned to 
this as improbable), and we therefore continued our investigation of the structure of 
methylcholanthrene, which has now been completed. 

We have shown conclusively that the decarboxylated quinone from methylcholanthrene 
is 5 : 6-dimethyl-1 : 2-benzanthraquinone (V1), for esterification of the acid arising from 
its oxidation with permanganic acid gave methyl anthraquinone-l : 2 : 5 : 6-tetracarboxyl- 
ate, identical with that previously obtained by similar oxidation of 1 : 2: 5 : 6-dibenz- 
anthraquinone (Cook, J., 1931, 2531), and the same 5 : 6-dimethyl-1 : 2-benzanthraquinone 
was then synthesised by a method which established its constitution. The molecular 
formula of methylcholanthrene was shown definitely to be C,,H,, by analyses of the pure 
hydrocarbon and its picrate, and in the light of the chemistry of the sterols and bile acids 
the reactions by which it is converted into the quinone-acid, C,,H,,0,, and thence into 
5 : 6-dimethyl-1 : 2-benzanthraquinone, admit of no other interpretation than that methy]l- 
cholanthrene is correctly represented by formula (IV) * and that its oxidation product 
is 6-methyl-1 : 2-benzanthraquinonyl-5-acetic acid uit 
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In our first dehydrogenation experiment with dehydronorcholene we also isolated a 
hydrocarbon which, after purification through its picrate, gave analytical figures in agree- 
ment with the formula C,,H,,. This was evidently a partially dehydrogenated compound 
(probably III), but we did not isolate it in subsequent experiments. A study of this 
intermediate compound would probably provide direct evidence of the position of the 
quaternary methyl group placed at Cy», and we are therefore investigating the partial 
dehydrogenation of dehydronorcholene with a view to obtaining more material. 

Of the variety of synthetic methods now available for the production of the 1 : 2-benz- 
anthracene ring system, the most suitable one for our purpose was that due to Haworth 
and Mavin (J., 1933, 1012), which one of us (1bid., p. 1592) has already used for the synthesis 
of 5-methyl-1 : 2-benzanthracene. Condensation of phenanthrene with methylsuccinic 
anhydride led to a mixture of keto-acids, separated by fractional crystallisation of their 
methyl esters into B-2-phenanthroylisobutyric acid (the less soluble isomeride) and 8-3-phen- 
anthroylisobutyric acid (VII) (the predominating isomeride). The constitutions of these 
two acids were established by independent syntheses from 2- and 3-bromoacetylphen- 
anthrenes and ethyl sodiomethylmalonate (compare Haworth and Mavin, Joc. cit.). 
Reduction of methyl @-3-phenanthroylisobutyrate by Clemmensen’s method was unsatis- 
factory owing to the large proportion of material converted into polymeric reduction 
products. By t®e Kishner—Wolff method, however, the semicarbazone of the acid was 
readily converted into y-3-phenanthryl-a-methylbutyric acid, which by dehydration with 
stannic chloride gave 5-keto-6-methyl-5 : 6 : 7 : 8-tetrahydro-1 : 2-benzanthracene (VIII). 


* For the sake of clarity this formula is reproduced in formula (IVa) with the more familiar arrange- 
ment of the benzanthracene ring system. 
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This ketone was treated with methylmagnesium iodide, and the resinous carbinol heated 
with selenium, the resulting 5 : 6-dimethyl-1 : 2-benzanthracene (IX) being finally oxidised 
to the quinone (VI). This was identical with the quinone prepared from methylcholanthrene, 
and we have therefore synthesised a degradation product of deoxycholic acid (3 : 12- 
dihydroxycholanic acid; I) which still contains 20 of the 24 carbon atoms present in the 
molecule of the bile acid. 

These experiments provide entirely independent confirmation of several important 
features in regard to the constitution of the sterols and bile acids :— 

(a) The presence of a hydrogenated phenanthrene ring system with an additional 
ring attached at the 1 : 2-positions receives direct experimental support. 

(b) The five-membered nature of ring IV is confirmed, a six-membered ring being 
completely incompatible with our results. 

(c) The side chain must be attached to position 17 of the ring system (sterol system of 
numbering). Wieland and Dane (Z. physiol. Chem., 1933, 219, 240) inferred this from the 
fact that dehydronorcholene could be dehydrogenated to a hydrocarbon C,,H,., but cited 
no evidence of the structure of this product. 

(d) The position of the keto-group in 12-ketocholanic acid is defined, and hence that 
of one of the hydroxyl groups of deoxycholic and cholic acids. 

A possible criticism of the validity of some of these conclusions would lie in the argument 
that the prolonged heating above 300°, necessary for the conversion of 12-ketocholanic 
acid into dehydronorcholene, may have resulted in structural change. This is unlikely, 
but in any case we have carried out a simple experiment which completely disposes of the 
possibility. Wieland and Wiedersheim (Z. physiol. Chem., 1930, 186, 233) oxidised 
dehydronorcholene to a keto-acid which, on the modern formulation, should be 12-keto- 
norcholanic acid (X). That this is indeed the case we showed by reducing this acid by the 
Kishner—Wolff method to norcholanic acid, identical with a specimen prepared by 
degradation of cholanic acid by the method of Wieland, Schlichting, and Jacobi (Z. physiol. 
Chem., 1926, 161, 93). 

The suggestion that the molecular structure of methylcholanthrene might be expected 
to be associated with cancer-producing properties (Cook, Proc. Roy. Soc., 1933, B, 113, 277) 
has received verification by animal experiments, for which we are indebted to Professor 
E. L. Kennaway. A solution of methylcholanthrene in benzene (0-3%) has now been 
applied twice a week to a series of 20 mice for 150 days. This has given epitheliomas in 
8 mice, and all of the 9 mice still alive bear tumours. With this particular series of mice the 
appearance of tumours has been more rapid than in the case of any other carcinogenic 
compound hitherto examined (the first two tumours had appeared on the 75th day). 

The experiments which we record thus show how it is possible for a natural product 
of animal metabolism to be converted into a carcinogenic compound by simple transform- 
ations of a biochemical character (oxidation, reduction, dehydration, decarboxylation, 
dehydrogenation). The essential features of this conversion are (a) cyclisation of the side 
chain and (b) dehydrogenation of the ring system. There is as yet no evidence that (a) occurs 
in the body; that (b) may occur in normal circumstances is rendered likely by the increasing 
amount of evidence that the cestrus-producing hormones are related chemically, and prob- 
ably biologically, to the sterols. Hence in all probability dehydrogenating enzymes are 
responsible for the formation of ketohydroxyeestrin, containing one aromatic ring, and 
equilenin, containing two aromatic rings (Girard e¢ al., Compt. rend., 1932, 195, 981; 1933, 
196, 137). Unpublished experiments by one of us (J. W. C.) have shown conclusively 
that equilenin contains the same ring system as cestrin. 


EXPERIMENTAL. 
(The analyses were all carried out by Dr. A. Schoeller.) * 


Methyicholanthrene and its Degradation Products. Dehydronorcholene.—Dehydrodeoxycholic 
acid (3: 12-diketocholanic acid) (Wieland and Sorge, Z. physiol. Chem., 1916, 97, 18) was 
obtained free from chromium by crystallisation from dilute alcohol containing a little acetic 
acid, and was reduced to 12-ketocholanic acid in alcoholic solution with pure zinc sticks and 
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hydrochloric acid, by the method recommended by Wieland, Dane, and Kraft (ibid., 1932, 
210, 281) for the reduction of dehydrocholic acid to 7 : 12-diketocholanic acid. 

For thermal decomposition to dehydronorcholene (compare Wieland and Schlichting, 
loc. cit.), 12-ketocholanic acid (8 g.) was heated at 320—345° for 8 hours in an atmosphere of 
carbon dioxide, and the resinous product distilled ina vacuum. The fraction, b. p. 200—215°/4 
mm., was crystallised from alcohol, giving long colourless needles (1-6—2 g.) of dehydronorcholene 
(II). 
Methylicholanthrene (compare Wieland and Dane, ibid., 1933, 219, 243).—-Dehydronorcholene 
(5 g.) was heated with selenium (15 g.) at 320—340° for 47 hours (after 28 hours the product 
crystallised on cooling). The whole was extracted with benzene and the combined extract 
from two such batches was freed from benzene and distilled in a vacuum. The first fraction, 
b. p. approx. 222—-227° /3—4 mm., formed an oil which did not crystallise, but from which 50 mg. 
of methylcholanthrene were isolated as picrate, by treatment with alcoholic picric acid. The 
fraction, b. p. 240—260°/3—4 mm., formed an orange oil which crystallised in part. Recrystallis- 
ation from benzene-alcohol gave 0-35 g. of crude methylcholanthrene, m. p. 163—167°. The 
residue in the distillation flask was then sublimed at 240°/4 mm., and the sublimate was 
recrystallised from benzene-alcohol, giving a further 1-65 g. of methylcholanthrene. By fresh 
treatment with selenium (8 g.) at 320—340° for 24 hours of all of the liquid fractions from which 
the methylcholanthrene had been separated there was obtained an additional 0-55 g. of methyl- 
cholanthrene. The total yield was thus 2-6 g. or 30%. 

For purification, methylcholanthrene was treated in benzene solution with an equal weight 
of picric acid, and the picrate, which formed purplish-black needles, was recrystallised from 
benzene until it melted constantly at 177—178° (Found: C, 65-2; H, 3-8. C,,;H,_,CgH;0O,N; 
requires C, 65-15; H, 3-85%). Methylcholanthrene (IV), regenerated from the pure picrate, 
crystallised from benzene in straw-yellow needles, m. p. 176-5—177-5° (Found : C, 93-8; H, 6-0. 
Calc. for C,,H,,: C, 94-0; H, 6-0%). This hydrocarbon did not react with maleic anhydride 
in boiling xylene (1 hour’s heating), nor was its yellow colour removed by this treatment. 

In a preliminary experiment, dehydrogenation of dehydronorcholene (1 g.) by heating with 
selenium (3 g.) at 325—340° for 26 hours gave a product from which methylcholanthrene was 
recrystallised (from alcohol after vacuum distillation). The alcoholic mother-liquors were 
treated with picric acid and gave a red picrate, m. p. 163—166°, after recrystallisation from 
alcohol. The hydrocarbon (probably III), obtained from this, crystallised from methyl alcohol 
in colourless plates, m. p. 132—134° (Found : C, 90-6; H, 9-0. C,,H,, requires C, 91-0; H, 9-0%). 

6-Methyl-1 : 2-benzanthraquinonyl-5-acetic Acid (V).—When sodium dichromate (5 g.) was 
added to a cold suspension of powdered methylcholanthrene (1 g.) in acetic acid (20 c.c.) and 
the whole shaken at room temperature for 15 minutes, oxidation took place, the methylcholan- 
threne being replaced by a substance of different crystalline form. A sample of this was collected, 
extracted with dilute sodium carbonate solution (which removed a trace of acidic substance), 
and recrystallised from acetic acid. This substance, m. p. 228—229° (decomp.), probably an 
intermediate ketone, was not purified on account of its instability. The remainder of the original 
suspension was boiled for 4 hour and cooled, and the product collected and extracted with 
boiling dilute sodium carbonate solution. Acidification of the filtrate gave a good yield of a 
gelatinous yellow precipitate of 6-methyl-1 : 2-benzanthraquinonyl-5-acetic acid (V), which was 
dried and recrystallised from acetic acid and then from xylene (Found: C, 76-4; H, 4-45. 
C,,H,,0, requires C, 76-35; H, 43%). This acid formed an orange-yellow crystalline powder 
which gave the Liebermann anthraquinol reaction with zinc dust and alkali, and had m. p. 250— 
260° (decomp.), depending upon the rate of heating. 

5 : 6-Dimethyl-1 : 2-benzanthraquinone (VI).—The aforesaid acid (0-4 g.) was heated at 400° 
in an atmosphere of carbon dioxide for 3—4 minutes. A vacuum was then applied, the resulting 
sublimate was dissolved in benzene, and the benzene solution, after extraction with sodium 
carbonate to ensure removal of unchanged acid, was concentrated. The resulting quinone (V1) 
crystallised from acetic acid in long orange-yellow needles, m. p. 229—-230° (Found: C, 83-8, 
83-75; H, 4-9, 4-9. C,9H,,O, requires C, 83-9; H, 4-:9%). The yield obtained in this operation 
was extremely small on account of extensive charring. Decarboxylation was smoothly effected, 
however, by boiling a solution of the quinone-acid (50 mg.) in quinoline (5 c.c.) with a little 
copper-bronze for 3 hours. The product was isolated and recrystallised from acetic acid, 
yielding 30 mg. of the non-acidic quinone. 

Methyl Anthraquinone-1 : 2: 5 : 6-tetracarboxylate.—The oxidation of the foregoing quinone 
(VI) (0-24 g.) with potassium permanganate and sulphuric acid was carried out in the usual 
way (compare Cook, J., 1931, 2531; 1933, 1595), and the silver salt (70 mg.) of the resulting 
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acid esterified with methyl iodide. Crystallisation of the product from xylene and then acetic 
acid gave methyl anthraquinone-1 : 2 : 5 : 6-tetracarboxylate, m. p. 292—294°, alone or mixed 
with an authentic sample prepared from 1 : 2: 5: 6-dibenzanthraquinone (Found: C, 59-8; 
H, 3-8. Calc.: C, 60-0; H, 3-7%). 

Synthesis of 5: 6-Dimethyl-1 : 2-benzanthvaquinone. 8-2 (and 3)-Phenanthroylisobutyric 
Acids.—(a) Methylsuccinic anhydride (43 g.) and then powdered phenanthrene (74 g.) were 
gradually introduced into an ice-cold solution of anhydrous aluminium chloride (125 g.) in 
nitrobenzene (500 c.c.). The whole was kept at room temperature for 19 hours with occasional 
shaking, the product decomposed with ice and hydrochloric acid, and the nitrobenzene removed 
in steam. The residue was extracted with dilute sodium carbonate solution, and the solution 
filtered to free it from unchanged phenanthrene. The crude mixture of acids, precipitated 
from the cold filtrate, was crystallised from acetic acid, dried, and esterified with methyl alcohol- 
hydrogen chloride. The mixture of esters was dissolved in alcohol (1 1.), and the solution well 
cooled. Methyl $-2-phenanthroylisobutyrate separated and was recrystallised from alcohol— 
cyclohexane (yield, 3-6 g.), forming almost colourless plates, m. p. 133—134°. Hydrolysis of 
this ester gave $-2-phenanthroylisobutyric acid, m. p. 224—226°. 

Concentration of the alcoholic mother-liquors of the above methyl ester, and recrystallisation 
from cyclohexane of the material which separated, gave 35 g. of methyl B-3-phenanthroyliso- 
butyrate, m. p. 79—83°. Further crystallisation from cyclohexane gave small colourless needles, 
m. p. 88—89° (Found: C, 78-3; H, 5-9. C,.H,,0; requires C, 78-4; H, 59%). 8-3-Phen- 
anthroylisobutyric acid (VII), formed from this ester by hydrolysis, crystallised from methyl 
alcohol or benzene in small colourless crystals, m. p. 179—180-5° (Found: C, 77-9; H, 5-5. 
C,9H,,O; requires C, 78-05; H, 5-5%). 

(b) 2-Bromoacetylphenanthrene (3-3 g.) was condensed with ethyl sodiomethylmalonate, 
and the product hydrolysed and decarboxylated, exactly as described by Haworth and Mavin 
(loc. cit.) for the analogous condensation with ethyl sodiomalonate. The resulting §-2-phen- 
anthroylisobutyric acid crystallised from benzene in colourless microscopic needles, m. p. 225— 
227° (Found : C, 78-5; H, 5-7%), and gave a methyl ester, m. p. 134-5—135-5° (Found : C, 78-3; 
H, 5-9%). This acid and its ester did not depress the m. p.’s of the corresponding compounds 
prepared as described under (a). 

Similar condensation between the crude bromination product of 3-acetylphenanthrene 
and ethyl sodiomethylmalonate yielded §-3-phenanthroylisobutyric acid, m. p. 175—178°, 
which gave a methyl ester, m. p. 85—86°. These two compounds were identical with the 
corresponding substances obtained as under (a). 

y-3-Phenanthryl-a-methylbutyric Acid.—The semicarbazone of §-3-phenanthroylisobutyric 
acid crystallised from alcohol in colourless plates, m. p. 193—195° (with gas) (Found: N, 11-4. 
Cy9H,,0,N, requires N, 12-0%). This semicarbazone (2 g.) was heated at 195—200° for 6 hours 
with a solution of sodium ethoxide (2 g. of sodium in 24 c.c. of alcohol), and the product diluted 
with water, extracted with ether, and acidified. The crude acid (4-7 g. from 6 g. of semicarbazone) 
was crystallised from a small volume of methyl alcohol and then from light petroleum, from 
which y-3-phenanthryl-a-methylbutyric acid crystallised as clusters of microscopic colourless 
needles, m. p. 119—121° (Found : C, 81-9; H, 6-7. C,,H,,O, requires C, 82-0; H, 6-5%). 

5-Keto-6-methyl-5 : 6 : 7 : 8-tetrahydro-1 : 2-benzanthracene (VIII).—A mixture of y-3-phen- 
anthryl-«-methylbutyric acid (3-1 g.) and anhydrous stannic chloride (4 c.c.) was heated for an 
hour at 120°. The cooled solution was treated with ice and hydrochloric acid and extracted 
with ether, and the ethereal extract washed with dilute hydrochloric acid and then with dilute 
sodium carbonate solution. The cyclic ketone which remained after removal of the ether was 
recrystallised from methyl alcohol (yield, 0-85 g.). A pure sample from cyclohexane formed 
lemon-yellow leaflets, m. p. 137—138-5° (Found: C, 87-7; H, 6-1. C,,H,,O requires C, 87-6; 
H, 6-2%). 

5 : 6-Dimethyl-1 : 2-benzanthracene (IX).—Powdered 5-keto-6-methyl-5 : 6 : 7 : 8-tetrahydro- 
1 : 2-benzanthracene (3 g.) was slowly added to an ice-cold Grignard solution prepared from 
methyl iodide (1-5 c.c.), magnesium turnings (0-6 g.), and anhydrous ether (20c.c.). After being 
kept at room temperature for 14 hours, the suspension was treated with ice and ammonium 
chloride, the ethereal solution washed and dried (sodium sulphate), and the ether removed. 
The residual resin was heated at 300—310° for 10 hours with selenium (2 g.). The product 
was extracted with benzene, and the extract evaporated to small bulk and diluted with 
alcohol. The resulting crystals (2-2 g.) were sublimed at 220°/4 mm., and the sublimate 
treated with an equal weight of picric acid in benzene. After recrystallisation from benzene, 
5 : 6-dimethyl-1 : 2-benzanthracene picrate formed dark red needles, m. p. 191—193° (Found : 
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C, 64-4; H, 4-1. C,9H,.,C,H,O,N, requires C, 64:3; H, 3-95%). Decomposition of this picrate 
with sodium carbonate yielded 5 : 6-dimethyl-1 : 2-benzanthracene (IX), which crystallised from 
alcohoi in almost colourless plates (1-1 g.), m. p. 187—188° [Found: C, 93-4; H, 64; M 
(Rast), 257, 260. C,,.H,, requires C, 93-7; H, 6-3%; M, 256). 

Reduction of the dimethyl-1 : 2-benzanthraquinone obtained from methylcholanthrene, 
by the two-stage method previously described for such quinones (Cook, J., 1932, 468), yielded a 
product, m. p. 182—185°, not depressed by this synthetic sample of 5 : 6-dimethyl-1 : 2-benz- 
anthracene. . There was insufficient material for complete purification. 

5 : 6-Dimethyl-1 : 2-benzanthraquinone (V1).—This separated when a solution of 5 : 6-dimethyl- 
1 : 2-benzanthracene (0-1 g.) in acetic acid (4 c.c.) was boiled for } hour with sodium dichromate 
(0-2 g.). After recrystallisation from acetic acid the quinone formed long orange-yellow needles, 
m. p. 232—234°, which did not depress the m. p. of the quinone obtained from methylcholanthrene 
(Found : C, 83-9; H, 4-9. Calc.: C, 83-9; H, 49%). 


Norcholanic Acid from Dehydronorcholene. 


12-Ketonorcholanic Acid (X).—This was obtained by oxidation of dehydronorcholene with 
potassium permanganate in acetic acid (Wieland and Wiedersheim, Z. physiol. Chem., 1930, 
186, 233), and formed colourless plates, m. p. 185-5—186-5°* (Found: C, 76-45; H, 9-9. 
Calc.: C, 76-6; H, 10-1%). 

Norcholanic Acid.—A solution of 12-ketonorcholanic acid (0-4 g.) in alcohol (10 c.c.) was 
heated for 3 hours with a concentrated aqueous solution of semicarbazide hydrochloride (0-4 g.) 
and sodium acetate (0-4 g.). The semicarbazone separated from alcohol, in which it was very 
sparingly soluble, in colourless crystals, m. p. 235° (with gas) (Found: N, 9-8. C,,H;,0;N; 
requires N, 10-1%). 

This semicarbazone (0-4 g.) was heated at 170—175° for 3 hours with sodium ethoxide 
(0-4 g. of sodium in 6 c.c. of alcohol). The whole was diluted with water and the sparingly 
soluble sodium salt was collected and shaken with ether and dilute hydrochloric acid. The acid 
obtained from the ethereal extract was recrystallised from acetic acid, and had m. p. 175-5— 
176-5°, alone or mixed with a specimen of norcholanic acid prepared by degradation of cholanic 
acid as described by Wieland, Schlichting, and Jacobi (/oc. cit.). Esterification with ethyl 
alcohol—hydrogen chloride gave ethyl norcholanate, m. p. 65—66° (lit., 66—67°). 


We are indebted to the International Cancer Research Foundation for a grant which has 
enabled one of us (G. A. D. H.) to carry out the experiments here recorded and has defrayed 
much of the cost. 
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99. Arsonic and Stibonic Acids derived from Quinoline and 
Acridine. Part I. 


By (Miss) Mary M. BARNETT, ARCHIBALD H. C. P. GILtrEson, and WILLIAM O. KERMACK. 


For the preparation of 3-aminoacridone (I, R = NH,) in moderately large quantities the 
following two methods were found suitable: (1) 4’-Nitrodiphenylamine-2-carboxylic 
acid (Goldberg, Ber., 1906, 39, 1691) is reduced by ferrous sulphate and ammonia, and the 
resulting 4’-aminodiphenylamine-2-carboxylic acid heated with 96% sulphuric acid at 
100° (Ullmann and Bader, Annalen, 1907, 355, 335). (2) Condensation of o-bromobenzoic 
acid and #-aminoacetanilide in amyl-alcoholic solution in presence of potassium carbonate 
and copper powder yields 4’-acetamidodiphenylamine-2-carboxylic acid, from which 3-amino- 
acridone is readily obtained by treatment with 96% H,SO, at 100°. 

3-Aminoacridone is converted into acridone-3-arsonic acid (I, R = AsO,H,) by the 
Bart reaction under appropriate conditions, and into acridone-3-stibonic acid (I, R= 
SbO,H,) under the conditions described by Morgan and Cook (J., 1930, 743). 

* Wieland and Wiedersheim do not record a m. p. for this acid; our product did not depress the 
m. p. of a specimen, m. p. 186°, very kindly supplied by Professor Wieland. 
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By similar methods, 6-amino-2-hydroxyquinoline (II, R = NH,) yields 2-hydroxy- 
quinoline -6-arsonic acid (II, R = AsO,H,) (compare Balaban, J., 1930, 2350) and 2-hydroxy- 
quinoline-6-stibonic acid (II, R = SbO,H,). 

The chemotherapeutic action of these organo-metallic compounds is being investigated. 


(I.) ee, y @) 


NH 
EXPERIMENTAL. 


4'-Aminodiphenylamine-2-carboxylic Acid (compare Ullmann and Bader, Joc. cit.).—Toa 
hot solution of 4’-nitrodiphenylamine-2-carboxylic acid (38 g.) (Goldberg, Joc. cit.) in 1 1. of 
water containing aqueous ammonia (150 c.c.; d 0-88), was added ferrous sulphate (252 g.) 
in 1 1. of water containing 1 c.c. of concentrated sulphuric acid. After 2 hours’ heating on the 
water-bath and 15 minutes’ boiling, the liquid was filtered hot, and the residue extracted thrice 
with dilute aqueous ammonia. 4’-Aminodiphenylamine-2-carboxylic acid was precipitated 
from the combined pale blue filtrates at its isoelectric point by the addition of dilute hydro- 
chloric acid. The well-washed purplish-white precipitate, which readily oxidised on heating, 
was dried to constant weight in a vacuum desiccator. It had m. p. 195° (recrystallised from 
xylene, m. p. 204°) and was pure enough for conversion into 3-aminoacridone by Ullmann and 
Bader’s method (loc. cit.). Yield, 26 g. 

4’-Acetamidodiphenylamine-2-carboxylic Acid.—o-Bromobenzoic acid (40 g.), mixed with 
p-aminoacetanilide (30 g.), potassium carbonate (30 g.), and copper powder (0-2 g.), was heated 
under reflux in 200 c.c. of amyl alcohol at 155° for 4 hours. The amyl alcohol was then removed 
in steam, the cooled solution neutralised with dilute hydrochloric acid, and the dark purple 
precipitate washed acid-free and dried on the water-bath (yield, 49-2 g.). Recrystallised from 
alcohol and thrice from xylene, the acid formed creamy-white needles, m. p. 240° (Found: 
N, 10-4. C,;H,,0,;N, requires N, 10-4%). It was readily soluble in alcohol, acetone, ether, 
and acetic acid, moderately soluble in hot xylene, and almost insoluble in benzene, water, and 
ligroin. 

3-A minoacridone.—The preceding acid (40-5 g.) was heated with 200 c.c. of 96% sulphuric 
acid at 100°. After 3 hours, when an intense blue-green fluorescence had developed, the mixture 
was poured on ice (400 g.) and the whole was reheated for 2 hours to effect complete hydrolysis 
of the acetamido-group. On cooling and partial neutralisation, grey-green crystals of 3-amino- 
acridone sulphate separated. A small quantity of the base was obtained by complete neutralis- 
ation of the mother-liquor. Yield of crude aminoacridone, 29-2 g.; m. p. 290°, and 297° after 
recrystallisation from alcohol. 

Acridone-3-arsonic Acid.—A solution of 3-aminoacridone (2-1 g.) in hot hydrochloric acid 
(4-5 c.c.; d 1-19) was cooled below 0° and slowly treated with sodium nitrite (0-8 g. in 4 c.c. of 
water), the greenish hydrochloride being replaced by bright yellow crystals of the diazo- 
compound. After 30 minutes, the solution was neutralised at 0° with 5N-sodium hydroxide, 
and 13 c.c. of a solution [containing arsenious oxide (1-5 g.) in 5N-sodium hydroxide (3 c.c.) 
and sodium carbonate (3 g.) in water (9 c.c.), plus 0-3 c.c. of a 10% CuSO,,4NH;,H,O solution 
(Slater, J., 1930, 1211)] were added, nitrogen being evolved. After remaining over-night at 
room temperature, the mixture was heated at 40° for a short time, the liquid filtered warm, 
and the residue extracted thrice with hot 5% sodium hydroxide solution. The combined 
filtrates, which exhibited an intense purplish-blue fluorescence, were brought to about pg 3-5; 
the acid then precipitated was purified by repeated solution in and reprecipitation from cold 
dilute sodium carbonate solution. Yield, 1-33 g. (Found: As, 22-8. C,3;H,O,NAs requires 
As, 23-5%). 

Acridone-3-arsonic acid forms a yellow amorphous powder which remains unmelted at 400°. 
It is slightly soluble in boiling acetic acid and in cold concentrated hydrochloric acid, but very 
soluble in concentrated sulphuric acid. The fluorescence in the last two solutions and in 
concentrated aqueous sodium hydroxide is bluish-green. 

Yellow mercury, calcium, lead, barium, and magnesium salts, a greenish-yellow copper 
salt and a brown ferric salt were prepared from neutral solutions of the ammonium salt. Only 
the magnesium salt was crystalline. 

Acridone-3-stibonic Acid.—3-Aminoacridone (2-1 g.) was diazotised as above, and the 
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diazo-mixture added slowly together with 6N-sodium hydroxide (5 c.c.) to an ice-cold sodium 
antimonite solution prepared from antimony chloride (3-3 g.), 5N-hydrochloric acid (5 c.c.), 
and glycerol (5 c.c.), 6N-sodium hydroxide being added until the precipitated material redis- 
solved. After dilution with water (200 c.c.), the whole was kept over-night and the solid was 
then collected and the stibonic acid extracted from it with hot 6N-sodium hydroxide, reprecipit- 
ated with acetic acid, converted into the chloride, and regenerated by solution in dilute sodium 
hydroxide solution and reprecipitation by acetic acid (Found: Sb, 33-1. C,3H,O,NSb 
requires Sb, 33-3%). Acridone-3-stibonic acid formed a light brown, amorphous powder, 
unmelted at 400°. Its solutions in aqueous sodium hydroxide and carbonate show a weak 
purple-blue fluorescence. White gelatinous calcium and magnesium salts, a yellowish-green 
amorphous copper salt, and a yellow amorphous ferric salt were prepared. 

2-Hydroxyquinoline-6-arsonic Acid.—6-Amino-2-hydroxyquinoline (1-6 g.) was diazotised, 
and the neutralised solution treated with the arsenite-copper mixture as in the preparation 
of acridone-3-arsonic acid. After standing over-night, the whole was heated on the water-bath, 
the solution filtered hot, and the residue extracted with hot 5% sodium hydroxide solution. 
The gelatinous precipitate obtained on neutralising the extracts was removed, and the filtrate 
evaporated to 50 c.c. The whitish-yellow crystalline precipitate that separated over-night 
was washed with a little water, dried, and recrystallised from hot water, forming microscopic 
yellowish crystals, unmelted at 400° (Found: As, 27-8. C,H,O,NAs requires As, 27-9%). 
Solutions of 2-hydroxyquinoline-6-arsonic acid in dilute aqueous sodium hydroxide or carbonate 
exhibit no fluorescence. White crystalline calcium and magnesium salts, a pale green copper 
salt and a brown ferric salt, both amorphous, were prepared. 

2-Hydroxyquinoline-6-stibonic acid was prepared from 6-amino-2-hydroxyquinoline (1-7 g.) 
and purified as in the case of acridone-3-stibonic acid (yield, 1-25 g.) (Found: Sb, 38-1. 
C,xH,O,NSb requires Sb, 38-6%). The reddish-brown amorphous acid was unmelted at 300°, 
but charred at 310°. It was relatively insoluble in cold dilute mineral acids. White gelatinous 
calcium and magnesium salts, a yellowish-green amorphous copper salt, and a brown gelatinous 
ferric salt were prepared. 


We thank the Carnegie Trust for the Universities of Scotland for a Scholarship (to A. H. C. 
P. G.), and the Department of Scientific and Industrial Research for a grant (to M. M. B.). 
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100. Addition of Hydrogen Bromide to Double Bonds. 
| Undecenoic Acid. 


By RONALD AsHTON and J. C. SMITH. 


THE use of 11-bromoundecoic acid in synthetic work in this laboratory made it essential 
to investigate closely the addition of hydrogen bromide to undecenoic acid. From the 
literature it appeared that the addition gave either 11- or 10-bromoundecoic acid in an 
arbitrary manner, but some similar problems had been dealt with by Kharasch and his 
co-workers (J. Amer. Chem. Soc., 1933, 55, 2468, 2521, 2531; 1934, 56, 244), who showed 
that with vinyl bromide and allyl bromide the direction of addition of hydrogen bromide 
was influenced by a “ peroxide effect ’”’ owing to the presence of peroxides or even of oxygen 
in the reacting system. This hitherto unrecognised peroxide factor had obviously been 
the cause of many conflicting results; some olefinic substances, however, were not affected 
by oxygen but only by actual peroxide. For instance, propylene which added hydrogen 
bromide in presence or absence of air to yield exclusively isopropyl bromide gave n-propyl 
bromide if benzoyl peroxide was added to the reacting mixture. Usually, therefore, 
addition to propylene is covered by the Markownikoff rule (Annalen, 1870, 153, 256). 
Kharasch investigated the effect of solvents, temperature, and light on the addition of 
hydrogen bromide to allyl bromide and concluded that the peroxide factor was the most 
important one in determining the orientation. On the other hand, Boorman, Linstead, 
and Rydon (J., 1933, 568), who studied the addition of hydrogen bromide to lower members 
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of the olefinic acids, found that the solvent was a very important factor, as Walker and 
Lumsden (J., 1901, 79, 1191) had observed with undecenoic acid. Recently (Nature, 
1933, 132, 643) Linstead and Rydon stated that the direction of addition of hydrogen 
bromide to allylacetic acid in hexane (in which 3-bromovaleric acid was formed) could not 
be reversed by exclusion of air to give the y-isomeride, that “‘ the importance of the 
peroxide effect varies with different acids and that it cannot account for the influence of the 
solvent on the addition of hydrogen bromide to allylacetic acid.” 

When the action of hydrogen bromide on commercial samples of undecenoic acid was 
investigated (Nature, 1933, 132, 447) in the light of Kharasch’s observations, it was found 
that in ligroin or hexane solution in presence of air the product was almost entirely 
1l-bromoundecoic acid; in absence of air the 10-bromo-acid was the main product. 
Purification of the undecenoic acid finally produced samples the reactions of which with 
hydrogen bromide were insensitive to oxygen, yielding the 10-bromo-acid. When, how- 
ever, the solvent was changed to benzene or toluene, the purest undecenoic acid was still 
sensitive to oxygen. 

TABLE I. 


Addition of hydrogen bromide to impure undecenoic acid. 


Product; 
In presence mols. % of 
Acid used. Solvent. of 11-bromo-acid. Remarks. 
B.D.H. Ligroin Air 80—90 10—25% Soln. at — 15° to 0°. 
(m. p. 19—21°) (purified) Several experiments. 
“ a Hydrogen 10—25 
H, + Ph,NH 7—15 5 Mols. % of Ph,NH dissolved 
in the ligroin. Passed HBr 
immediately. 


”” 


- Air + Ph,NH 8 
i Toluene Air 85—95 
Distilled Ligroin Air 80 
(m. p. 22—23°) 
- - Hydrogen 17 
a Toluene Air 84 
ms AcOH Air 17 99% AcOH distilled from 


3° 
31 
29 
11 The ether gave a slight 
reaction for peroxide. 
Crystallised Ligroin Mainly 10- 
(m. p. 23°7°) 


” ” 


Air stream Mainly 1l- Air was passed in through a 
tube 


Our results with various samples of the acid areset out in TablesI and II. Theproducts, 
nearly all of which were free from unsaturated acid, were analysed by the thermal method 
and the percentages are probably correct to + 5 units. Unless otherwise stated, the 
solutions contained 10% of undecenoic acid, and hydrogen bromide was passed in im- 
mediately after they were made. Where experiments were done in duplicate, the average 
percentage is given (i.¢., of 1l-bromo-acid; the remainder is 10-bromo-). 

Effect of Impurities.*—As the impurities are removed, the undecenoic acid becomes 
less sensitive to oxygen. At first, with the crude material (f. p. 19—21°) in ligroin solution, 
very little air or oxygen in the reaction flask will cause addition of hydrogen bromide so 
as to form mainly 1l-bromoundecoic acid (1). Even the material of f. p. 23° readily 
gives this acid (6), but specimens of f. p. 23-7° need an air stream along with the hydrogen 
bromide, otherwise the product is mainly the 10-bromo-isomeride (13, 14). Finally, 
the pure acid, f. p. 24-6°, in ligroin solution needs the addition of perbenzoic acid, or 
unsaturated aldehyde (29, 30), or water before the 11-bromo-acid can be formed, and these 
catalysts are not always effective (20—33). 

It was of interest to investigate the impurities which appeared to be such powerful 
oxygen carriers. The preliminary results suggested substances similar to the unsaturated 


* Numbers in parentheses refer to the experiments in Tables I and II. 
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TABLE II. 


Addition of hydrogen bromide to pure undecenoic acid at 0°. 


Product; 


Expt. mols. % of 
No. Solvent. In presence of 11-bromo-acid. 
20 =Ligroin Air 13 
(purified) 
21 Oxygen 12 
‘ Hydrogen 13 
Air Stood 1 hr. with H,O, soln. and then 
decanted before passing HBr. 
(Ph:CO-O), (5 mols. %) Stood 3 hrs. before passing HBr. 
Ph:-CO,H 7 ie 
Ph-CO,H a — 2a 
Heptaldehyde (10 mols.) a oe 
Residue from purification i a as 
of undecenoic acid 
(5%) 
C,,H,,0* (10 mols. % ~“s ye 
” ” » mins. ,, » 
Air 1 G. acid in 50 c.c. ligroin. 
Nitric oxide Product mainly 10-bromo-, but not 
binary. Also with acid, m.p. 22°. 
0-3 G. H,O to 10 c.c. ligroin. 
1 C.c. H,O to 16 c.c. ligroin. 
Trace of unchanged acid. 
No unchanged acid. 
Allowed to stand 12 hrs. 
Very slow reaction. Passed HBr 
for 6 hrs. The ether contained per- 
oxide. 


Remarks. 


Air + water 
H, + water 
Hexane Air 


s Ph-CO,H (5 mols. %) 
Ether Air 


AcOH (pure) 


Ph:CO,H 
Air 
Ph:CO,H 


Stood 14 hrs, 

HBr + air passed in at 30°. 
Stood 12 hrs, 

At 35°. 


H,0O (sus- Air 
pension) 

Toluene ia 

Toluene (A.R.) _,, 


” ” H 

re pa Water + air 
Benzene _e,, Air 
Benzene (m. Pp. ,, Specially pure acid (m. p. 24°58°) 

5°55°) again crystallised twice from pure 
hexane. 1°5 G. in 15c.c. benzene. 

2-0 G. in 5 c.c. benzene. 

2-0 G. in 2 c.c. benzene. 

Pure acid + HBr; 12 hrs. at 30°. 


3 C.c. H,O to 10 c.c. toluene. 


No solvent - 
Benzene (m. p. Hy, 
5°55°) 
in Air + water 
= H, + water 


0°3 G. water to 10 c.c. benzene. 


* From heptaldehyde. 


aldehyde, C,,H,,0, formed by the action of alcoholic potash on heptaldehyde (Perkin, 
J., 1883, 48, 45), and this was a powerful catalyst (29, 30). The heptaldehyde formed 
during the distillation of ricinoleic acid (castor oil) must be the origin of the catalytic 
impurities in commercial undecenoic acid. 

Effect of Solvents.—In the absence of oxygen (presence of hydrogen or diphenylamine) 
undecenoic acid, molten or dissolved in any of the solvents, adds hydrogen bromide to 
form 10-bromoundecoic acid. In the presence of oxygen the molten acid yields 10-bromo- 
undecoic acid (68) and so also do solutions in hexane, ligroin, ether, or acetic acid (100, 90, 
or 75% acid) (20, 21, 31, 41, 45, 50); but in benzene or toluene the main product is the 
1l-bromo-acid (60, 61, 64, 65, 66). If the concentration of undecenoic acid in benzene 
solution is increased, the proportion of the 10-bromo-acid formed increases, a 55% solution 
giving 71%, the 100% solution (pure acid) giving 90% of 10-bromoundecoic acid (66, 67, 
68). 

In acetic acid or in ethereal solution, 12 hours’ standing with perbenzoic acid fails to 
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make undecenoic acid add hydrogen bromide to give the 11-bromo-acid as the main 
product, although in ether a small increase in the proportion of this acid is noticed (45, 46). 

The effect of a solvent, therefore, is to allow or to impede the action of oxygen or per- 
oxide on the reaction with hydrogen bromide. There is little influence on the proportion 
of isomerides formed in the absence of oxygen, i.e., in the normal reaction. 

The Peroxide Effect.—First, it should be noted that in some cases the peroxide effect may 
not operate because of the shape of the vessel. Solutions which had reacted in a flask with 
hydrogen bromide to give 11-bromoundecoic acid, when placed in a test-tube gave mainly 
the 10-bromo-acid because (a) the liquid surface exposed to the air was too small and () a 
sudden rush of hydrogen bromide could remove the air immediately above the liquid surface. 

In all cases where air, oxygen, or peroxide influences the reaction, the effect is to increase 
the proportion of the 11-bromo-acid. This is true whether the solvent is hexane, ligroin, 
benzene, toluene, orether. The peroxide effect, therefore, is one which reverses the normal 
direction of addition. 

Kharasch investigated the influence of other gases and found that only oxygen had a 
peroxide effect. We have found similarly that an atmosphere of nitric oxide has much 
the same effect as one of hydrogen (32). 

Effect of Moisture —Expts. No. 33, 34, 63, 70, and 71 show that, although water has no 
apparent influence on the normal reaction (formation of 10-bromoundecoic acid in absence 
of air), yet it makes the peroxide effect possible with air where the dry solution would 
require the addition of an oxygen carrier (21, 26, 28). 

Effects on the reaction in toluene, at that time attributed to the action of water, were 
observed in this laboratory (compare report of Chemical Society Discussion, J. Soc. Chem. 
Ind., 1933, 52, 219) by Dr. Urushibara working in collaboration with Professors Barger and 
Robinson. Professor Robinson (private communication) has, however, pointed out that 
“traces of water ”’ were introduced merely by exposing the contents of the flask to moist 
air, and on the subsequent appearance of the paper of Kharasch and Mayo it was clear 
that further experiments were required before it could be decided whether the active 
catalyst was indeed water or, as hitherto unsuspected, the oxygen of the air. 

The result with an aqueous suspension of undecenoic acid (55) is readily understood. 
The liquid acid, dry or moist, is not sensitive to oxygen, nor is its solution in water. In 
Expt. No. 33 it is the ligroin solution which is rendered susceptible to air by the water. 

Interpretation of Results —As the normal addition of hydrogen bromide to pure un- 
decenoic acid either alone or in solution yields mainly 10-bromoundecoic acid, the orienta- 
tion follows the Markownikoff rule. Just as with propylene, addition is orientated by the 
relative charges on the carbon atoms united by the double bond (I) (compare Lucas and 
Moyse, J. Amer. Chem. Soc., 1925, 47, 1459) : 

co 


<—— < —__—»> 
H-CH:CH-CH, — H-CH:CH-CH,(CH,),CHyC<O,, H-CH:CH*CH,(CH,)¢*CHyC<py, 
Sea i (I.) rt (II.) 


No evidence exists in support of the view that the distant carboxyl group can influence 
the orientation in additions to undecenoic acid (II). The A*-, A®-, and A’-acids studied by 
Boorman, Linstead, and Rydon present a more complex problem because of the influence 
of the carboxyl group on the double bond. This influence should be weak with the A’-acids, 
and the peroxide effect should be detectable; Linstead and Rydon (Nature, loc. cit.) found 
that the addition of hydrogen bromide to allylacetic acid (without solvent) could be re- 
versed in the presence of benzoyl peroxide, the product then being 8-bromovaleric acid. 

** Normal ’’ addition. Peroxide catalysed. 
CH,:CH-CH, CH,-CHBr-CH, CH,Br-CH,-CH,.? 
CH,:CH-CH,Br CH,-CHBr-CH,Br CH,Br-CH,-CH,Br.* 
CH,-CH:Br CH,°CHBr, CH,Br-CH,Br. 
CH,:CH-CH,CH,-CO,H (CH,-CHBr-CH,-CH,CO,H) ? CH,Br-CH,°CH,CH,-CO,H.* 
CH,:CH-(CH,),-CO,H CH, -CHBr-(CH,)-CO,H CH,Br-CH,(CH,) «CO,H. 
CH,:CH-CH,-CMe, CH,-CHBr-CH,-CMe, CH,Br-CH,CH,CMe,.* 


1 Kharasch, McNab, and Mayo. 2 Kharasch and Mayo. 8’ Kharasch, McNab, and Mayo. 
* Linstead and Rydon. 5 Kharasch, Hannum, and Gladstone. 
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It is important to note that in all cases where the peroxide effect has been observed 
the double bond is in a terminal position. Until it is known whether double bonds in 
other positions show the peroxide effect in their reactions, a possible constitutional factor 
is undetermined. It has been noted, however, that oxygen has an effect on other reactions ; 
e.g., it retards the chlorination of benzene (Luther and Goldberg, Z. physikal. Chem., 1906, 
56, 43) and accelerates the side-chain bromination of 2 : 2’-ditolyl (Hannon and Kenner, 
this vol., p. 138). Other examples are given by Lenher (J. Amer. Chem. Soc., 1931, 58, 
3763), and the anticatalytic effect of traces of oxygen on the combination of hydrogen and 
chlorine is well known. 


EXPERIMENTAL. 


Undecenoic Acid.—The commercial acid (f. p. 19—21°) was fractionally distilled, most 
of the impurity being low boiling. The main fraction (b. p. 119°/0-4 mm., f. p. 22—23°) was 
crystallised four times from ligroin at — 14°, and the f. p. was then constant at 24-57°, m. p. 
24-58°, m. p. in a capillary tube 25-5°. The yield was 8 g. of pure acid from 30 g. of acid of 
f. p. 22-5°. For some experiments material of f. p. 24-57° was recrystallised twice from purified 
ligroin, After standing for some hours the acid melted at 24-42°, but again at 24-58° after 
being heated ina vacuum. Krafft (Ber., 1877, 10, 2035) gives m. p. 24-5°. 

Hydrogen bromide was prepared by the action of bromine on hot tetralin, washed by passing 
twice through cold tetralin and over moist red phosphorus, then dried (if necessary) with 
phosphorus pentoxide. 

Ligroin, The commercial product (b. p, 60—80°) contained olefins. It was shaken with 
three successive quantities of oleum (30% SO,), washed with sodium hydroxide solution, then 
with water, dried (sodium sulphate), and distilled. 

11-Bromoundecoic Acid,—This acid was conveniently made from partly purified undecenoic 
acid. Hydrogen bromide (undried) was passed rapidly into a solution of the acid (m. p. 22°; 
50 g.) in purified ligroin (350 c.c.) at 0° in a 600—800 c.c. conical flask. The size of the delivery 
tube did not seem important, and the flask could be open to the air or closed with a calcium 
chloride tube. After 20—30 minutes a solid appeared, and the flask was shaken frequently 
for a further 20 minutes while the gas was passed in. The solid, which became pink, was 
filtered off after cooling to — 12°, and transferred to a porous plate. When dry it was almost 
colourless, m. p. (capillary tube) 45—48° (yield, 45—53 g.). It is necessary to observe the con- 
ditions carefully. As was shown in Expts. 20, 33, pure undecenoic acid will need addition of 
water (or peroxide). Crude acid (f. p. 19—20°) gives a product of m. p. ca. 44°, which is not 
easily purified. If the temperature is below 0° at the beginning, undecenoic acid may crystallise 
and delay the reaction. Unless the apparatus has been generating hydrogen bromide for a 
long time the gas should contain sufficient air, but in order to make certain, the wash-bottles 
should be opened for a few seconds before the reaction flask is connected. Use of unpurified 
ligroin greatly reduces the yield of 11-bromoundecoic acid, and moreover, the product is difficult 
to purify. 

The crude product, m. p. 45—48°, was crystallised three times from ligroin and then had 
f. p. 49-23°, m. p. 49-25° (in a capillary tube 50°). Walker and Lumsden (/oc. cit.) gave m. p. 51°. 

If benzene is used as the solvent in this preparation, it should be removed in a vacuum, and 
the product crystallised from ligroin. 

10-Bromoundecoic Acid.—Dry hydrogen bromide was passed into a solution of pure undecenoic 
acid (f. p. 24-5°, 7 g.) in purified ligroin (25 c.c.) for 40 mins.; no precipitate appeared. After 
the mixture had stood for 2 hrs. the solvent was removed in a vacuum at 60°. The residue 
was allowed to solidify slowly, and when about one-tenth remained liquid this was drained off. 
The solid (m. p. 33°, 7 g.) was crystallised 3 times from ligroin at — 15° and then melted at 
35-1° (capillary tube, 35-5—36°). Brunner (Ber., 1886, 19, 2226) gave m. p. 35°. The substance 
crystallises much more slowly than the 11-bromo-acid. 

In this preparation the essentials are pure undecenoic acid and the use of ligroin as solvent ; 
the presence of air has no effect, unless some water is added (compare Expts. 20 and 33 above). 
Slightly impure acid will need the addition of diphenylamine (3—5 mols. %) or displacement 
of the air with hydrogen. It was found much less satisfactory to use undecenoic acid freezing 
below 23°, because the low-meltirg products were then purified with great loss. 

Mixtures of 10- and 11-Bromoundecoic Acid.—As the mixtures crystallised rather slowly, 
m. p.’s (clearing points) were recorded instead of f. p.’s. The low values of the clearing points 
obtained when mixtures of 54-5, 50-7, and 42-4% of 11-bromo-acid are heated quickly after 
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freezing may indicate polymorphism of this acid. Otherwise, the system is of the simplest 

eutectic type. 

11-Bromo-acid, mols. % 96°2 91°4 82°8 73°3 59°7 54°5 50°7 42°4 

Clearing point g 48°32° 47°21° 45°13° 42°57° 38°36° 36°37° 34:92° 31°35° 

(32°2°) (30°4°) (?25-0°) 

11-Bromo-acid, mols. % ’ 34°1 31°5 29°7 24°7 16°5 8°4 3°7 0 

Clearing point ; 25°53° 26°25° 27°05° 28°34° 30°74° 32°95° 34:14° 35-07° 
Eutectic temp. 25°5° at 34% 11-bromoundecoic acid. 


Addition of Hydrogen Bromide.—Most of the small-scale experiments, the results of which 
are given in Tables I and II, were carried out as follows: 1—2 g. of undecenoic acid were 
weighed into a 100-c.c. distilling flask, and the solvent (10—25 c.c.) added. An inlet tube 
(3 mm, internal diameter) passed through a rubber stopper and led the hydrogen bromide below 
the surface of the solution. A calcium chloride tube was attached to the side tube, and the 
flask was immersed in ice-water. The apparatus was exposed to the ordinary laboratory 
daylight. After the solvent had been removed in a vacuum (usually at 50°), the weight of 
hydrogen bromide absorbed could be ascertained, and as a check the product was tested with 
permanganate. Most of the diphenylamine was removed by rapid filtration after the reaction ; 
for the presence of the other addenda corrections were applied, the effect of addition of a second 
amount of the substance having been determined. Although many factors were not controlled, 
this technique gave quite consistent results, 

Impurities in Undecenoic Acid.—Distillation of 50 c.c. of early fractions (b. p. 80—120°/ 
0-4 mm.) of commercial acid through a long column gave only 12 c.c. of b. p. 89—-105°/0-5 mm, 
(Found: C, 73-8; H, 11-4. Calc. for C,H,,0: C, 73-7; H, 12-3. Calc. for C,,H,,O,: C, 
74-3; H, 11-5%), and 6c.c. of b. p. 105—116°. Apparently the b. p. of the early fractions had 
risen on keeping. Expt. No. 28 showed that the fraction of b. p. 89—105°/0-5 mm. was a 
peroxide catalyst. 

Heptaldehyde (b. p. 152—153°) was polymerised (condensed) with alcoholic potassium 
hydroxide (Perkin, Joc. cit.), the product washed with water, and dried with sodium sulphate 
(Expts. 29, 30). Further work is being done on this substance and its catalytic activity. 


SUMMARY. 


Addition of hydrogen bromide to undecenoic acid in any solvent in the absence of air 
gives mainly 10-bromoundecoic acid (following the Markownikoff rule). In the presence 
of air the product varies with the solvent, some solveats favouring and some hindering 
the “ peroxide effect.” Impure specimens of undecenoic acid more readily yield 11-bromo- 


undecoic acid than the pure acid does. 


The authors thank Professor R. Robinson, F.R.S., for helpful advice and criticism. 


THE Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. (Received, February 10th, 1934.] 





101. The Effect of Pressure on the Melting Points of 
o-, m-, and p-Xylene. 


By J. C. SwALLow and R. O. GIBson. 


Tuis work is a continuation of a study of the effect of pressure on certain binary organic 
systems (this vol., p. 18), but, owing to the low temperatures required, this contribution 
has been restricted to the effect of pressure on the m. p.’s of the pure xylenes and of one 
mixture of o- and p-xylene. 


The xylenes used were obtained from British Drug Houses Ltd. The p- and the m-com- 
pound contained sulphur, which reacted with the mercury in the pressure apparatus, rendering 
the sample opaque and the visual determination of the m. p.’s difficult. These samples were 
therefore shaken with clean mercury for 6 hours, and the precipitated sulphide filtered off. 

The m, p.’s at atmospheric pressure, as determined by means of cooling curves, were 0-, 
— 25-5°; m-, — 45-5°; p-, 13-4°. Those recorded in the literature are : o-, — 25-7° (Nakatsuchi, 





Pressure on the Melting Points of o-, m-, and p-Xylene. 441 


J. Soc. Chem. Ind. Japan, 1929, 32, 3338), — 25-3° (Parks and Huffmann, Ind, Eng. Chem., 
1931, 23, 1138), — 26° (Bridgman, Proc. Nat. Acad. Sci., 1926, 61, No. 3); m-, — 50-5° and 
— 49-0° (Nakatsuchi, J. Soc. Chem. Ind. Japan, 1926, 29, 2931; and Joc. cit.), — 53-5° (Parks 
and Huffmann, Joc. cit.), — 50° (Bridgman, Joc. cit.) ; p-, 13-15° and 13-19° (Nakatsuchi, /occ. cit.), 
13-2° (Tammann, “ States of Aggregation,” 1926, p. 101), 13-35° (Timmermans, J. Chim. 
physique, 1926, 23, 733), 13-5° (Bridgman, Joc. cit.), 13-2° (Parks and Huffmann, /oc. cit.). 

The agreement between the observed and the reported values for o- and p-xylene is satis- 
factory. With m-xylene there was considerable supercooling; the value given above was the 
maximum temperature to which the melt rose after crystallisation had commenced during the 
determination of two cooling curves, This temperature is markedly higher than the highest 
recorded m. p., and it is significant that it is in agreement with the linear extrapolation of the 
observed p—T curve. 

The influence of pressure on the m. p.’s of the pure substances was determined by the visual 
method previously described (/oc. cit.). With the binary mixture it was difficult to obtain the 
first crystallisation temperatures by this method: the crystals were transparent and not 
birefringent, so there was always some doubt as to their presence in the field of view. In order 
to obtain the eutectic point, the pressure was raised in steps of about 100 kg./cm.*, and the 
changes in the temperature as recorded by the internal thermocouple were noted, the outside 
bath being maintained at a constant temperature. As there was usually some supercooling, 
once the eutectic mixture had commenced to crystallise the temperature rose rapidly. As soon 
as this sudden rise occurred, the pressure was lowered until the internal temperature was about 
the same as that of the outside bath. The system was allowed to come to equilibrium, and the 
temperature and pressure were then read. In order to ensure that the invariant eutectic point 
was being measured, the pressure was then raised by 10—20 kg./cm.*, and the system again 
allowed to come to equilibrium, whereupon the pressure and temperature should have returned 
to the original values. 

The effect of pressure on the m. p. of p-xylene has been determined by Tammann (op. cit.). 
His results are given by the equation T = 13-2° + 343-8 x 10* P — 171 x 10° P?, where T 
is the m. p. at a pressure of P kg./cm.?. The pressures at which the xylenes solidify at 30° and 
75° were determined approximately by Bridgman (loc. cit.); both his and our results (denoted 
respectively by B. and by S. & G.) are given below, together with the values of the m. p.’s of 
p-xylene at the observed pressures calculated from Tammann’s equation (denoted by T.). 


p-Xylene. o-Xylene. m-Xylene. 


Press., Melting point. Press., Melting point. Press., Melting point. 
kg./em.2. S. &G. B. ie kg./em.2.. S. &G. B. kg./cm.*. S. &G. B. 
215 -+ 20°0° 20°5° 715 — 10°1° 1295 20°3° 
490 — 30°0° =.29°6 1675 + 11°6 1420 16°4 
670 35°0 35°5 2075 20°0 1655 2 
870 41°7 42:1 2400 — 30°0° 1780 9 
1110 49-0 49°3 2510 30-0 2235 * 0 
1470 60°6 60-0 5500 — 75°0 2280 0° 
1625 65-0 64°6 2755 9 
1900 — 750 72:4 4000 — 30°0° 
2130 80°0 78°7 >8200 — 75°0 


The agreement between the observed and Tammann’s values for p-xylene is satisfactory, 
for the pressures were observed on Bourdon gauges calibrated up to 1000 kg./cm.* and are 
therefore only reliable to 1%. : 

The values observed for the first crystallisation and eutectic temperatures of a mixture 
containing 70% o- and 30% p-xylene are given below. 


Pressure, First crystalln. Pressure, Eutectic 

kg./cm.?. temp. kg. /cm.?, temp. 
445 — 16°3° 1135 — 11°5° 
530 — 15°4 1380 — 75 
740 — 96 1610 — 20 
1130 + 02 1685 — 05 
1605 + 11°6 2180 + 10°0 


The results for both the pure xylenes and the first crystallisation and eutectic temperatures 

of the mixture may be represented, within the experimental error, by straight lines drawn on a 

pressure-temperature diagram. The first crystallisation and eutectic temperatures of the 

70% o-, 30% p-mixture at atmospheric pressure, obtained by linear extrapolation, are in 
GG 
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agreement with the values obtained by Nakatsuchi (loc. cit., 1929) in his determination of this 
binary system. 


The authors thank the Directors of the Imperial Chemical Industries Limited for permission 
to publish this work, which was carried out in the Research Department of I.C.I. (Alkali) Ltd., 


Northwich. 
[Received, February 28th, 1934.] 





102. The Synthesis of Substituted Benzoins and of Deoxybenzoins. 
By RoBERT ROGER and ALEXANDER MCGREGOR. 


BENzIL has been used in the synthesis of substituted benzoins according to the scheme, 
Ph-CO-COPh + RMgX —> Pho—C<R —> Ph:CO-C(OH) <p." 
MgBr 


(Acree, Ber., 1904, 37, 2753; Roger, J., 1925, 127, 518; Ramart-Lucas and Salmon-Legag- 
neur, Bull. Soc. chim., 1929, 45, 718; Cameron, Trans. Roy. Soc. Canada, 1929, 23, 53), 
the reaction being restricted mainly to one ketonic group by proper selection of practical 
conditions. 

The reaction has now been extended to the preparation of ketols by the action of 
o-, m-, and #-tolylmagnesium bromides on benzil. m-Tolylmagnesium bromide gave the 
expected ketol. #-Tolylmagnesium bromide gave an oil which would not crystallise but 
on reduction gave an excellent yield of #-tolyldeoxybenzoin, showing that it consisted 
mainly of the ketol. o-Tolylmagnesium bromide gave a compound, m. p. 116—117°, 
corresponding in formula to the ketol. Scission with alcoholic potash gave, however, 
benzhydrol and o-toluic acid, but the conclusion must not be definitely drawn from this 
observation that the compound is necessarily o-toluoyldiphenylcarbinol, OH-CPh,°CO-C,H,, 
and not o-tolylbenzoin, C,H,-CPh(OH)-COPh. 

It is possible that o-tolylbenzoin had really been formed in the Grignard reaction 
but that it had been transformed into o-toluoyldiphenylcarbinol in the course of the 
scission. In view of this anomalous result other similar ketols were submitted to scission 
with potash and only in one case was any exceptional behaviour noted. In several scissions 
of methylbenzoin benzhydrol invariably appeared, but the quantity was so minute that 
it did not affect the conclusion that methylbenzoin has the formula Ph-CMe(OH)-COPh. 

Previous work has shown that o-tolylmagnesium bromide is exceptional in some of 
its reactions (Roger and McKay, J., 1931, 2229; 1933, 332; Stoermer, Ber., 1906, 39, 
2288). The only explanation that we can offer for this apparent rearrangement is that 
o-tolylmagnesium bromide adds on to the benzil in a different manner from the other 


Grignard reagents, thus : 


Ph : | bh Ph 

>C “<c.H, —_ ph--C (OH) -CO-C,H, 
-O 

This involves the formation of an unstable intermediate complex not unlike those used 

to depict the mechanism of glycol dehydrations, and would assume the migration of the 

phenyl radical in preference to o-tolyl (cf. Roger and McKay, Joc. cit.). 

We found that the ketols described were easily reduced to the corresponding ketones 
by hydriodic acid and red phosphorus. m-Tolylbenzoin gave m-tolyldeoxybenzoin, whose 
constitution had already been determined by Roger and McKay (loc. cit.), whilst methyl- 
benzoin gave methyldeoxybenzoin. The o-toluoyldiphenylcarbinol (m. p. 116—117°) 
from the action of o-tolylmagnesium bromide on benzil gave a compound, m. p. 48—49”, 
identical with that described provisionally by Roger and McKay (loc. cit.) as o-tolyl 
diphenylmethyl ketone. The latter authors had at the time been able neither to obtain 


C,H, MgBr Ph 


Ph:CO-COPh eee: MgBr “<c.H, —> OH. 
-O 
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enough of this compound to prove its constitution by scission with potash nor to effect 
its synthesis by any means. The reduction product was submitted to scission with potash, 
and o-toluic acid was obtained from the acid portion. The neutral part of the scission 
gave only a smell of diphenylmethane and the solid which emerged was benzhydrol, 7.e., 
oxidation must also have taken place during the scission (cf. Luis, J., 1932, 2547). Once 
again, however, the objection may be lodged that rearrangement of the ketone had taken 
place in this instance before scission, and we therefore cannot regard the constitution of 
the dehydration products of o-tolylhydrobenzoin («-form) as being finally settled. 


EXPERIMENTAL. 


Action of m-Tolylmagnesium Bromide on Benzil—The Grignard reagent (from 25 g. of 
m-bromotoluene, 1} mols.) was added gradually to benzil (21 g., 1 mol.) in dry ether. The 
mixture became dark brown and after boiling for 5 hours was decomposed in the usual manner. 
The oil from the ethereal layer was distilled in a high vacuum and unchanged benzil and benzoin 
were isolated from the first fraction. A second fraction, b. p. 210—240°, gave a solid (9-5 g.) 
after several weeks. This was crystallised from light petroleum, m-tolylbenzoin separating 
as colourless rosettes of needles (4 g.), m. p. 82—83° (Found : C, 83-2; H, 6-35. Calc. for C,,H,,0,: 
C, 83-4; H, 6-0%). 

The ketol (2 g.) was disrupted with alcoholic potash. The acid part of the scission gave 
0-4 g. of benzoic acid, m. p. (after one recrystallisation from water) and mixed m. p. 120—121°. 
The neutral part of the scission gave phenyl-m-tolylcarbinol, m. p. 52° after several recrystallis- 
ations from light petroleum (Cohen, Rec. trav. chim., 1919, 38, 72, gives 61°) and unaltered in 
admixture with an authentic sample prepared from m-tolylmagnesium bromide and benzaldehyde. 

m-Tolylbenzoin (1-5 g.) was reduced with hydriodic acid (5 c.c.) and red phosphorus (1 g.) 
in acetic acid. Crude m-tolyldeoxybenzoin (0-9 g.) was obtained, m., p. (after several recrystallis- 
ations from light petroleum) 85—86°, alone or mixed with an authentic sample (Roger and 
McKay, /oc. cit.). 

Action of p-Tolylmagnesium Bromide on Benzil—(A) Addition of the Grignard reagent to 
benzil, The Grignard reagent (from p-bromotoluene, 25 g.; 14 mols.) was added to an ethereal 
solution of benzil (22 g.; 1 mol.). A white precipitate formed but later became chocolate-brown. 
After heating for 1 hour, the mixture was decomposed with ice and dilute sulphuric acid, and 
from the ethereal layer a dark red oil was obtained. After distillation in steam the residue was 
dissolved in various solvents but no solid separated, even after several months. The oil was 
distilled in a high vacuum and a fraction (9 g.), b. p. 220—230°, was reduced by heating with 
hydriodic acid (15 c.c.) and red phosphorus (3 g.) in acetic acid solution. -Tolyldeoxybenzoin 
(6-5 g.) was isolated, m. p. (after several recrystallisations from alcohol) and mixed m. p. 97-5— 
98-5°. 

(B) Addition of benzil to the Grignard reagent. Benzil (10 g.; 1 mol.) in dry ether was added 
to the Grignard reagent (from p-bromotoluene, 18 g.; 2 mols.). There was a fairly vigorous 
reaction and the liquid became dark yellow. After heating for 1 hour, the mixture was decom- 
posed in the usual fashion. The oil from the ethereal layer was distilled in a high vacuum, 
yielding benzoin (m. p. 132—-133°) and two other solids, m. p. 212—213° and 159—160°, respect- 
ively, after recrystallisation from alcohol. Both of these compounds (Found: C, 89-1; H, 6-6. 
Cale. for C,,H,,0: C, 89-3; H, 6-4%) had the formula of the pinacolins which were obtained 
by dehydration of s.-diphenyldi-p-tolylpinacol by Thérner (A xnalen, 1877, 189, 109), who gives 
m. p. 214—215° and 136—137° for the two pinacolins he obtained. There are at least three 
pinacolins possible. 

In a second experiment the oil from the Grignard reaction was dissolved in light petroleum 
and a solid (8 g.) was obtained which, after several recrystallisations from alcohol, had m. p. 
162—163°, markedly depressed the m. p. of the compound, m. p. 159—160°, described above, 
and would seem to be s.-diphenyldi-p-tolylpinacol, described by Acree (loc. cit.) with m. p. 164° 
(Found : C, 85-4; H, 6-8. Calc. for C,,H,,O,: C, 85-2; H, 6-6%). 

Action of 0-Tolylmagnesium Bromide on Benzil._—The Grignard reagent (from o-bromotoluene, 
20 g.; 1} mols.) was added to benzil (21 g.) in dry ether. A chocolate-brown precipitate was 
formed and after boiling for 2 hours the mixture was decomposed in the usual manner. The 
dark red oil from the ethereal layer was distilled in a high vacuum and a fraction was isolated 
which on solution in light petroleum gave a solid (8 g.). This after several recrystallisations 
from light petroleum separated in rhombic prisms, m. p. 116—117° (Found : C, 83-35; H, 6-2, 
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C,,H,,O, requires C, 83-4; H, 6-0%). This solid is either o-tolyldeoxybenzoin or, more probably, 
o-toluoyldiphenylcarbinol, as the following experiments would indicate. 

On scission with alcoholic potash the above compound (1 g.) gave 0-35 g. of o-toluic acid, 
m. p. (after recrystallisation from water) and mixed m. p. 104—105°. The neutral part of the 
scission gave 0-65 g. of benzhydrol, m. p. (after recrystallisation from light petroleum) and 
mixed m. p. 64—65°. 

The ketol (2 g.), reduced with hydriodic acid (15 c.c.) and red phosphorus in acetic acid 
solution, gave a solid (1-5 g.) which, after several recrystallisations from light petroleum, had 
m. p. 47-5—49°, alone or mixed with the ketone provisionally designated o-tolyl diphenylmethyl 
ketone (m. p. 48—49°) by Roger and McKay (loc. cit.) (Found: C, 88-0; H, 6-6. Calc. for 
C,,H,,0: C, 88-06; H, 6-34%). 

Scission of the above ketone (1 g.) gave 0-3 g. of o-toluic acid, m. p. (after recrystallisation 
from water) and mixed m. p. 105—106°. The other part of the scission yielded 0-45 g. of 
benzhydrol, m. p. (after recrystallisation from light petroleum) and mixed m. p. 64—65°. 

The Constitution of Methylbenzoin.—Roger (loc. cit.) described the synthesis of methylbenzoin 
from benzil, but at the time made no attempt to confirm the constitution of the compound. 

Methylbenzoin (4 g.) was submitted to scission with alcoholic potash, benzoic acid (1 g.) 
being obtained from the acid portion. From the neutral part an oil was obtained which was 
distilled in a vacuum. One fraction (0-8 g.), b. p. 110—115°/37 mm., was collected. Klages 
and Allendorf (Ber., 1898, 31, 1003) give b. p. 118°/40 mm. for d/-phenylmethylcarbinol. A 
higher-boiling fraction (115—170°/37 mm.) was also collected and from this, benzhydrol (m. p. 
63-5—65-5°, 0-1 g.) was isolated. 

Methylbenzoin (8-5 g.) was reduced with hydriodic acid and red phosphorus in acetic acid 
solution. The solid (5-9 g.) isolated had, after several recrystallisations from light petroleum, 
m. p. 49-5—51°, alone or mixed with authentic methyldeoxybenzoin (McKenzie and Roger, 
J., 1924, 125, 844). 


One of us (R. R.) thanks the Carnegie Trust for a grant. 
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103. The Bromination of Camphorquinone. 
By W. C. Evans, J. L. SIMONSEN, and (in part) M. B. BuaGvar. 


It was shown some years ago (Gibson and Simonsen, J., 1925, 127, 1295; Bhagvat and 
Simonsen, J., 1927, 77; compare Bredt-Savelsberg, Zaubrecher, and Knieke, Ber., 1927, 
60, 1801) that the acid formed by the action of sulphuric acid on camphorquinone (Manasse 
and Samuel, Ber., 1897, 30, 3157; 1902, 35, 3831) was 2 : 2 : 3-trimethylcyclohexan-4-one- 
l-carboxylic acid (I), the somewhat unusual Meerwein—Wagner rearrangement involved 
being commented on by Ingold (Ann. Reporis, 1927, 122). At the time experiments were 
initiated with the object of determining the structure of the two substances, C,)H,,O0,Brs 
and C,)H,,0,Br,, prepared by Manasse and Samuel (loc. cit.) by the action of bromine on 
the diketone, but were discontinued owing to the poor yields obtained. Since camphor- 
quinone can now readily be prepared in quantity (this vol., p. 137), the investigation of 
these bromo-derivatives has been resumed. It was thought at first that they were deriv- 
atives of camphoric anhydride, since it was observed that when camphorquinone was 
treated with bromine in acetic acid solution this anhydride was formed, but a study of 
their reactions has shown them to be derivatives of the acid (I). 

When the tribromide is reduced in acetic acid solution with zinc dust at room temper- 
ature or in ethyl acetate with aluminium amalgam, a monobromide, C,9H,,0,Br, m. p. 144— 
145°, is obtained; if, however, the reduction with zinc dust is completed on the water- 
bath, 2 : 2 : 3-trimethylcyclohexan-4-one-l-carboxylic acid (I) is formed. This suggested 
that the tribromide was the lactone of a hydroxy-derivative of this acid, and this view 
received support from the preparation of the tribromide by the direct action of bromine 
on theketonicacid. It remained, therefore, only to determine the positions of the hydroxy- 
group and of the bromine atoms. 
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By the action of sodium methoxide on the monobromide a methoxy-compound, 
C,,H,,0,, m. p. 81—82°, was obtained, which gave on oxidation with nitric acid ««-di- 
methyltricarballylic acid (III). The formation of this acid proved that the hydroxy- 
and the methoxy-group could not be attached to any of the carbon atoms 1, 2, and 6, and, 
of the possible isomerides, (II) has been shown to represent the monobromide and the 
methoxy-compound. 


H,C——CO——CHMe H,C——CO—C-CH,R CO,H CO,H 


mee 
H,C-CH(CO,H)—CMe, H,C-——CH—CMe, H,C-CH(CO,H)-CMe, 
(I.) (II.) R= Br or OMe. (III.) 


By catalytic hydrogenation of the methoxy-lactone the lactone of 3-hydroxy-3-methoxy- 
methyl-2 : 2-dimethylcyclohexan-4-ol-1-carboxylic acid, m. p. 48—49°, was prepared, which 
after conversion into the dihydroxy-acid (IV) by alkali, was oxidised successively with 
periodic acid (inter al., Karrer and Hirohata, Helv. Chim. Acta, 1933, 16, 959) in acetic 
acid and with sodium hypobromite in alkaline solution, 8-methylpentane-fye-tricarboxylic 
acid (V) being obtained in excellent yield. The oxidation of the cyclic dihydroxy-acid 
proceeds evidently in accordance with the following scheme and thus affords a rigid proof 
of the positions of the methoxy-group and of the lactone ring in the parent keto-lactone. 


H,C—CH(OH)—C(OH)-CH,*OMe H,C-CHO CO-CH,OMe x ,0n, 
(II1.) —> HIO, > 
H,C-CH(CO,H)-CMe, > H,C-CH(CO,H)-CMe, 


(IV.) 
H,C-CO,H CO,H 

(v.) 
H,C-CH(CO,H)-CMe, 


We have been unable to establish with an equal degree of certainty the position of the other 
bromine atoms in the dibromo- and the tribromo-lactone. Both yield dimethylmalonic 
acid on oxidation with potassium permanganate in alkaline solution, no trace of either 
oxalic or as.-dimethylsuccinic acid being formed. This result receives its simplest explan- 
ation if the lactones are represented by (VI) and (VII) respectively. 


H,C—— CO— C-CH,Br BrHC——CO~ CCH, Br 
(VI.) oc’ oc’? | (VII.) 
H,C——CBr—CMe, H,C——CBr—-CMe, 


Although these lactones contain a carbonyl group, they show no tendency to react with the 
ordinary ketonic reagents. The methoxy-lactone (II) yields with semicarbazide acetate 
a crystalline derivative, C,,H,,0,N3, containing one molecule of water less than the true 
semicarbazone. 

It appears to us unlikely that the tribromo-lactone is a direct bromination product of 
camphorquinone; the diketone is probably first converted by hydrogen bromide into the 
cyclohexanone acid, which then undergoes bromination. Support is lent to this view by 
the fact that, whilst bromination proceeds rapidly in the presence of water, with dry 
bromine the reaction is very slow and the yield of tribromide poor and variable. The 
positions in which the bromine atoms enter the cyclohexanone nucleus are also of interest. 
It was observed previously (loc. cit., p. 78) that the methyl ester of the acid gave on bromin- 
ation methyl 5 : 5-dibromo-2 : 2 : 3-trimethylcyclohexan-4-one-1l-carboxylate, whereas with 
the acid itself carbon atom 5 is only monobrominated, other bromine atoms entering the 
1- and 3-positions in the ring, the latter being eliminated with formation of the lactone. 
The position of the bromine atom in the 3-methyl group is similar in all respects to that in 
8(10)-bromocamphor, but, unlike this bromine atom, it appears to be stabilised. It would, 
however, seem to activate the adjacent carbon atom, since it is unusual for a lactone to be 
reduced with zinc and acetic acid. 
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EXPERIMENTAL. 


Lactone of 1: 5-Dibromo-3-hydroxy-3-bromomethyl-2 : 2-dimethylcyclohexan -4-one -1-carb- 
oxylic Acid.—The following method for the preparation of the tribromo-lactone was found to 
be more convenient than that adopted by Manasse and Samuel, although the yield by this 
method can be much improved if moist bromine is used. To finely divided camphorquinone 
(5 g.), moist bromine (20 g.) was added gradually; after a short induction period the mixture 
became warm and liquefied and hydrogen bromide was evolved. The yellowish-white product 
was warmed on the water-bath to remove hydrogen bromide and extracted with ether, which 
eliminated resinous impurities. The pure lactone (8 g.) separated from alcohol in prisms, 
m. p. 199—200°; in chloroform (c, 4), [a]p —34-0°. 

For the preparation of the lactone from 2: 2: 3-trimethylcyclohexan-4-one-1-carboxylic 
acid, the acid (2-5 g.) was placed in a desiccator, fitted with a Bunsen valve, together with 
bromine (10 g.), water, and calcium carbonate. After some days, when the absorption of 
bromine was complete, the dark brown solid was ground with ether, and the residue (m. p. 193°) 
recrystallised from alcohol; the lactone had m. p. 199—200° (Found: Br, 57-4. Calc. for 
C,)H,,0,Br,: Br, 57-°3%). The lactone was stable to potassium permanganate in acetone or 
in suspension in cold sodium carbonate solution, It was, however, attacked by permanganate 
in warm alkaline solution, the oxidation being complete after the addition of permanganate 
corresponding to 12—13 atoms of oxygen. The product, isolated in the usual manner, consisted 
solely of dimethylmalonic acid, decomp. 190°, both alone and after admixture with an authentic 
specimen. When the lactone was shaken in acetic acid with hydrogen in the presence of 
platinum-black, partial reduction to the dibromo-lactone occurred. 

Lactone of 1-Bromo-3-hydroxy-3-bromomethyl-2 : 2-dimethylcyclohexan -4-one-1-carboxylic 
Acid.—We were unable to prepare this substance by Manasse and Samuel’s method, but the 
following modification was found satisfactory, although the yield varied considerably. To 
well-cooled camphorquinone (10 g.), moist bromine (30 g.) was added slowly with constant 
stirring, it being found necessary in some experiments to warm the mixture slightly to start 
the reaction. If the addition of bromine is too rapid, a mixture consisting mainly of the tri- 
bromo-lactone is obtained. After warming on the water-bath to remove hydrogen bromide, 
the viscid yellow gum was dissolved in alcohol; on cooling, the nearly pure dibromo-lactone, 
m. p. 120°, was deposited and a further crystallisation from alcohol gave lustrous needles, 
m. p. 137—138°; in chloroform (c, 5), [a]546, + 40-0°. Like the tribromo-lactone, the dibromide 
was stable to potassium permanganate in acetone, but it was slowly attacked in warm sodium 
carbonate solution, dimethylmalonic acid forming the sole product of the oxidation. 

Reduction of the Lactone of 1 : 5-Dibromo-3-hydroxy-3-bromomethyl-2 : 2-dimethylcyclohexan- 
4-one-l-carboxylic Acid.—(1) 2: 2: 3-Trimethylcyclohexan-4-one-1-carboxylic acid. To a solu- 
tion of the tribromo-lactone (12 g.) in acetic acid (300 c.c.), zinc dust (50 g.) was added gradually. 
After 12 hours the mixture was heated on the water-bath for 2 hours, the filtered solution nearly 
neutralised with sodium carbonate and extracted with ether, and the dried ethereal solution 
evaporated. The residual oil crystallised when kept over sodium hydroxide in a vacuum and it 
was identified as the cyclohexanone acid by the preparation of the oxime, m. p. 163—164°, 
and the semicarbazone, m. p. 228—229° (Found: C, 55-1; H, 7-8. Calc. for C,,H,,0,;N,: C, 
54-8; H, 7-9%), the melting points in each case being unaltered in admixture with authentic 
specimens. 

(2) Lactone of 3-hydroxy-3-bromomethyl-2 : 2-dimethylcyclohexan-4-one-1-carboxylic acid. To 
a solution of the tribromo-lactone (5 g.) in ethyl acetate (80 c.c.), an excess of aluminium amalgam 
was added. The reduction proceeded with considerable evolution of heat and after 12 hours 
the mixture was heated on the water-bath for 1 hour. The ethyl acetate was removed from 
the filtered solution, and the solid residue (1-4 g.) crystallised from methyl alcohol, the bromo- 
lactone forming small needles, m. p. 144—145°; in chloroform (c, 4), [a]p + 72-25° (Found: C, 
46-1; H, 5-1; Br, 30-7. C,,H,,0,Br requires C, 46-0; H, 5-0; Br, 30-6%). A much improved 
yield (80%) of the bromo-lactone is obtained if the reduction is effected with zinc and acetic 
acid at room temperature, but owing to the large volume of liquid involved the above method 
is much more rapid and convenient. The lactone is stable to potassium permanganate in 
acetone, but is rapidly attacked in the presence of alkali. It cannot be reduced catalytically, 
but when warmed with zinc and acetic acid it yields 2: 2 : 3-trimethylcyclohexanon-4-one-1- 
carboxylic acid. 

Lactone of 3-Hydroxy-3-methoxymethyl-2 : 2-dimethylcyclohexan-4-one-1-carboxylic Acid.—To 
a solution of the monobromo-lactone (5 g.) in the minimum quantity of methyl alcohol, sodium 
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methoxide (MeOH, 10 c.c.; Na, 0-45 g.) was added gradually, the temperature being main- 
tained at 40—50°. After the solution had become neutral the methyl alcohol was removed in 
a vacuum, the residue dissolved in ether, and the filtered ethereal extract evaporated. The oil 
obtained solidified and after draining on porous porcelain was recrystallised from dry ether, 
from which it separated in large prisms, m. p. 81—82°, b. p. 173°/18 mm.; in chloroform (c, 5), 
(“]sae1 + 64-6° [Found: C, 62-1, 62-5; H, 7-1, 7-5; OMe, 15-8. C,)9H,;0,(OMe) requires C, 
62-3; H, 7-5; OMe, 146%]. If the above conditions were not closely adhered to, the methoxy- 
lactone was contaminated with a considerable quantity of an oil which gave an intense purple 
colour with ferric chloride. The lactone was readily soluble in the ordinary organic solvents 
with the exception of ligroin and it crystallised well from hot water. It was insoluble in sodium 
carbonate solution, but dissolved readily in warm aqueous sodium hydroxide, a gummy acid 
being precipitated on acidification. It was unstable to potassium permanganate in alkaline 
solution. The lactone reacted readily with phenyl-, p-nitrophenyl-, and 2 : 4-dinitro-phenyl- 
hydrazines to give sparingly soluble gums, and the oxime was an oil. With semicarbazide 
acetate in alcoholic solution a substance was deposited which crystallised from methyl alcohol 
in leaflets, m. p. 183—184° (Found: C, 57-2; H, 6-4; N, 16-8. C,,H,,O,N, requires C, 57-4; 
H, 6-8; N, 16-7%). 

Oxidation of the Lactone of 3-Hydroxy-3-methoxymethyl-2 : 2-dimethylcyclohexan-4-one-1- 
carboxylic Acid.—The methoxy-lactone was oxidised both with nitric acid and with potassium 
permanganate, but since the product was the same only the former oxidation is described. A 
mixture of the lactone (3 g.) and nitric acid (d 1-22; 80 c.c.) was heated on the water-bath for 
4 hours and then boiled for 3 hours, the solution becoming colourless. After removal of the 
nitric acid the partially crystalline residue was mixed with acetyl chloride, heated for 1 hour, 
and distilled under diminished pressure; the viscid oil obtained crystallised after the addition 
of chloroform; m. p. 137—143°. This anhydride of «a-dimethyltricarballylic acid crystallised 
from ethyl acetate in prisms, m. p. 144—145° (Found: C, 51-7; H, 5-2. Calc. for CsH,,.O,: 
C, 51-6; H, 54%). Digestion with water gave the tricarboxylic acid, which, crystallised from 
ethyl acetate—chloroform, had m. p. 155° (Feund: C, 47-0; H, 5-7. Calc. for CgH,,0,: C, 
47-1; H, 5-9%). 

Lactone of 3-Hydroxy-3-methoxymethyl-2 : 2-dimethylcyclohexan-4-ol-1-carboxylic Acid.—A 
solution of the-methoxyketo-lactone (1-4201 g.) in ethyl acetate (20 c.c.) containing palladium— 
norit (1 g.; 10%) was shaken with hydrogen until a volume corresponding to one molecule of 
hydrogen had been absorbed (16 hours). Evaporation of the filtered solution left a solid, which 
crystallised from ligroin (b. p. 40—60°) in needles, m. p. 48—49°; in methyl alcohol (c, 1-828), 
[%] sae, + 14:22° (Found: C, 61:7; H, 83. C,,H,,O, requires C, 61°7; H, 84%). The hydroxy- 
lactone was insoluble in cold alkali, but it dissolved readily on warming, the acidified solution 
depositing the dihydroxy-acid, which partly crystallised but could not be purified. 

Oxidation of 3-Hydroxy-3-methoxymethyl-2 : 2-dimethylcyclohexan-4-ol-1-carboxylic Acid.— 
To a solution of the crude dihydroxy-acid (3 g.) in acetic acid, a solution of periodic acid (HIO,, 
2-7 g.) was added gradually, the mixture being cooled in ice. After 1 hour the reaction mixture 
was heated at 40—50° for 4 hours, cooled, and extracted with ether. The dried ethereal extract 
left on evaporation a brown oil (2-3 g.), which reduced Fehling’s solution and reacted with the 
ordinary carbonyl reagents. This was dissolved in an excess of dilute sodium hydroxide 
solution, and sodium hypobromite (100 c.c.; 10%) added, bromoform being deposited. After 
1 hour the filtered solution was treated with sulphur dioxide to remove the excess of hypo- 
bromite, acidified, and extracted with ether. Evaporation of the dried ethereal extract left a 
viscid oil (1-5 g.), which was dissolved in cold water and filtered from a little insoluble resin 
(charcoal). Evaporation of the water left a crystalline cake, from which, after three crystallis- 
ations from hydrochloric acid, the acid was obtained in cubes, decomp. about 150°, both alone 
and in admixture with $-methylpentane-Bye-tricarboxylic acid (Found: C, 49-7; H, 6-3. 
Calc. for C,H,,0,: C, 49-5; H, 6-4%). 


The authors are indebted to the Government Grants Committee of the Royal Society and 
to Imperial Chemical Industries Ltd. for grants. 
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104. Constitution of Glycerophosphates. Part III. 
By Frank L. PyMAN and HERBERT A. STEVENSON. 


a-~GLYCEROPHOSPHATES have been synthesised by three methods: (1) by King and Pyman 
(J., 1914, 105, 1238) by the action of trisodium phosphate upon «-monochlorohydrin, and 
isolation of the calcium salt (containing 0-99 H,O, and solubility in water 1-9%); (2) 
by Bailly (Compt. rend., 1915, 160, 663) by oxidising sodium allylphosphate with potassium 
permanganate and isolation of the calcium salt (solubility in water 4-95% at 15°); (3) 
by Fischer and Pfahler (Ber., 1920, 58, 1606) by the hydrolysis of barium /sopropylidene 
a-glycerophosphate and isolation as barium sait. 

In view of Bailly’s doubt (Compt. rend., 1915, 161, 677) as to the purity of King and 
Pyman’s calcium «-glycerophosphate, Hill and Pyman (J., 1929, 2236) re-prepared «- 
glycerophosphates by the three methods indicated above and converted each preparation 
into the calcium and the quinine salt. 

The King-Pyman and Fischer—Pfahler «-glycerophosphates readily gave pure quinine 
a-glycerophosphate, but the Bailly «-glycerophosphate gave an impure quinine salt. 
Further, the King-Pyman and Fischer—Pfahler «-glycerophosphates gave the same 
sparingly soluble, almost anhydrous calcium salt, whereas the Bailly glycerophosphate 
gave a calcium salt, containing 1H,O, which was soluble in water at 15° to the extent of 
47%. Hill and Pyman concluded that pure a-glycerophosphates could be prepared by 
the methods of King and Pyman and Fischer and Pfahler, but threw doubt upon the 
purity of Bailly’s calcium «-glycerophosphate, especially in view of the character of the 
quinine salt prepared from it. In the meantime, important contributions have been made 
to our knowledge of glycerophosphates from various sources, and the question of the 
purity of specimens prepared by the three methods has been reinvestigated in the light 
of this new information. 

Three recently published new methods of analysis for estimating «-glycerophosphates 
in mixtures of «- and @-glycerophosphates have been tested. Kay and Lee’s observation 
(J. Biol. Chem., 1931, 91, 135) that «- and 8-glycerophosphates are hydrolysed at different 
rates by the enzyme takaphosphatase has been fully confirmed. By determining the rates 
of hydrolysis of pure «- and §-salts with that of a mixture of the two in unknown propor- 
tions, the composition of the latter can be calculated. The manipulations involved, 
however, are long and tedious, and the results are only trustworthy when the absence of 
enzyme-poisons is certain. Attempts to substitute hydrolysis with hydrochloric acid for 
enzyme hydrolysis were unsuccessful, since the rates of hydrolysis of the «- and #-glycero- 
phosphates were identical. 

Carrara (Giorn. Chim. ind. appl., 1932, 14, 236) has described a method of estimating 
«-glycerophosphates, which is based on the observation by Criegee (Ber., 1931, 64, 260) 
that lead tetra-acetate oxidises «-glycols quantitatively, but does not attack -glycols. 
We found that the oxidation of sodium «-glycerophosphate by lead tetra-acetate in acetic 
acid solution proceeded very slowly, the reaction being incomplete after 24 hours at 18°. 
On allowing the reactants to stand for longer periods, the oxidation proceeded beyond 
the theoretical limit, the percentage of sodium a-glycerophosphate found in the pure salt 
being, for instance, 80-6% in 25 hours, 104-3% in 120 hours, and 145-9% in 288 hours. 
The apparent percentage of sodium «-glycerophosphate found by this method in pure 
sodium #-glycerophosphate was 6-0°% in 25 hours and 15-5% in 120 hours. This method 
is therefore unsatisfactory as an absolute method for the quantitative estimation of «- 
glycerophosphates. 

A third method, which has been recommended by Fleury and Paris (Compt. rend., 
1933, 196, 1416) for the estimation of «-glycerophosphates in the presence of {-glycero- 
phosphates, is based on their discovery that a-glycerophosphates are smoothly and quickly 
oxidised by periodic acid at the ordinary temperature in the sense of the equation 
CH,(OH)-CH(OH)-CH,-O-PO(OH),+ HIO,=HCHO + CHO-CH,°O-PO(OH),+ H1IO,+H,0 
whereas 8-glycerophosphates are not appreciably attacked even after 24 hours. This 
method proved to be entirely satisfactory and the details of the mode in which we employed 
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it for sodium glycerophosphates with suitable modifications for the calcium and barium 
salts are given below. The results obtained demonstrate clearly that «-glycerophosphates 
prepared by the methods of King and Pyman and of Fischer and Pfahler are pure, but that 
a-glycerophosphates prepared by the method of Bailly contain varying amounts of some 
impurity. The purity of King and Pyman’s calcium «-glycerophosphate has been con- 
firmed further with the help afforded by the discovery of Charpentier and Bocquet (Com#t. 
rend., 1932, 194, 104; Bull. Soc. chim., 1932, 51, 413) that sodium «-glycerophosphate can 
be obtained as a stable well-crystallised hexahydrate. When King and Pyman’s calcium 
a-glycerophosphate was treated with sodium oxalate it gave a practically quantitative 
yield of sodium «-glycerophosphate hexahydrate, after inoculation with crystals of this 
salt kindly given to us by Messrs. Societé des Usines Chimiques Rhéne-Poulenc, in whose 
laboratories it was discovered by the above authors. Charpentier and Bocquet comment 
on the difference in properties between sodium a-glycerophosphate as described by them- 
selves and by King and Pyman respectively. It is shown below that the two forms are 
interconvertible. 

Charpentier and Bocquet found that calcium «-glycerophosphate prepared from the 
sodium salt and calcium chloride showed an initial solubility of about 5% in cold water, 
but that the solution deposited a precipitate on keeping and did not then retain more than 
2-8% of calcium «-glycerophosphate. We confirm this result, except that the solubilities 
were 4-7% and 2-0% in our hands, but find that the initially soluble form is a hydrate 
(Found: loss at 140°, 7-6. C,H,O,PCa,H,O requires H,O, 7-9%), and that in general 
the solubility of calcium «-glycerophosphate runs parallel with its state of hydration, 
specimens containing from 0-1% to 0-8% H,O having solubilities in water ranging from 
1-28% to 1-8% at 13°. 

The results of the investigation fully confirm King and Pyman’s claim to have been 
the first to prepare calcium a-glycerophosphate in a pure state. 


EXPERIMENTAL, 


Estimation of a-Salt in Sodium Glycerophosphates.—To about 0-15 g. of the salt, dissolved 
in 0-1N-hydrochloric acid (10 ml.), 0°05M-periodic acid (15 ml.) is added and the mixture is kept 
for 15 minutes and then neutralised with 0-1N-sodium hydroxide (phenolphthalein). After 
addition of a saturated aqueous solution of sodium bicarbonate (10 ml.) and potassium iodide 
(1 g.), an immediate titration is made with 0-1N-arsenite solution, a blank titration being 
performed with 0-05M-periodic acid (15 ml.) similarly treated. (In neutral solution, periodic 
acid liberates iodine from potassium iodide, but iodic acid does not.) 

The results obtained are independent of the time of keeping; e.g., pure sodium «-glycero- 
phosphate hexahydrate showed 100-3% a-content after 15 minutes and 100°2% after 24 hours, 
and pure sodium §-glycerophosphate showed no «-content after 15 minutes and none after 
24 hours. 

Owing to the insolubility of calcium and barium periodates, the method had to be modified 
in order to be suitable for the analysis of calcium and barium glycerophosphates. 

Estimation of a-Salt in Barium Glycerophosphates.—A weighed amount (ca. 0-2 g.) of the 
salt, dissolved in 0-1N-hydrochloric acid (15 ml.), is well shaken with sodium sulphate (0-2 g.). 
An aliquot (10 ml.) of the filtered solution is then treated as for the sodium salt. 

Estimation of «-Salt in Calcium Glycerophosphates.—To about 0-1 g. of the salt, dissolved 
in water (5 ml.) and 5N-hydrochloric acid (0-5 ml.), 0-05M-periodic acid (15 ml.) is added, 
followed, after 15 minutes, by water (30—40 ml.), 5N-hydrochloric acid (2 ml.), and potassium 
iodide (2 g.). The liberated iodine is titrated with 0-1N-sodium thiosulphate, a blank experi- 
ment being performed as before. (In acid solution, both periodic and iodic acids liberate 
iodine from potassium iodide.) 

By employing these methods for the estimation of a-glycerophosphate content, the following 
results were obtained: Calcium salts: King and Pyman. Found, in salt dried at 140°: Ca, 
19-0; P, 14:8; a-salt 99-7 (Calc.: Ca, 19-1; P, 148%). Found, in two other batches, 
a-salt, 99-6; 100-1%. Bailly. Found, in salt dried at 140° (two batches): Ca, 19-2, 19-1; 
P, 14-9, 15-0; a-salt 88-5, 89-9%. In two further batches, in salt dried at 140° (1) Ca, 19-3; 
P, 14-7; (2) Ca, 19-1; P, 14-9; loss at 140°, (1) 15-7; (2) 6-3; in air-dried salt, a-salt, (1) 73-2, 
73-2; (2) 86-5, 86-9; whence a-salt in anhydrous (1) 86-8; (2) 92-56%. Barium salts: King 
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and Pyman, Found: loss at 140°, 0-6. In dried salt, Ba, 44-6; «-salt 100-1, 100-2% (Calc. : 
Ba, 44-7%). Fischer and Pfahler. Found: loss at 140°, 1-6. In dried salt, Ba, 44-6; «-salt 
99-7, 99-9%. , 

Sodium a-Glycerophosphate Hexahydrate from Calcium Salt (King and Pyman).—Solutions 
of calcium a-glycerophosphate (King and Pyman) (36-3 g.) in water (3985 ml.) and sodium 
oxalate (23-25 g. of 99-6% Na,C,O,) in water (1 1.) were stirred for 5 hours. After removal of 
calcium oxalate, the filtrate was evaporated (15 mm.) to 63 g. and kept for a week at 0°. The 
crystalline mass was triturated with alcohol, and the solid extracted and washed with alcohol, 
yielding a first crop (55-05 g.). The combined filtrate and washings were evaporated to about 
1 g., allowed to dry in the air, and washed with alcohol, yielding a second crop (0-9g.). Found, 
by titration with sulphuric acid (methyl-orange), C,H,O,PNa,,6H,O, in first crop, 100-3; in 
second crop, 96-2%. Found, by periodic acid method, a-salt content of first crop, 100-1, of 
second crop, 93-2%. Whence, yield of pure sodium a-glycerophosphate hexahydrate=99-8%. 

Interconversion of Hydrated and Anhydrous Sodium «a-Glycerophosphate-——The hexahydrate 
(6 g.) was dried at 100°/15 mm., and the residue extracted with methyl alcohol (800 ml.) at 
—65°. On concentration of the extract to 100 ml. colourless deliquescent leaflets separated, 
which were washed with dry ether (yield, 3-34 g.; 83-5%) (Found: loss at 100°, 1:1%. In 
dried salt, 0-2064 g. required 9-77 ml. 0-1N-H,SO,. Calc. for anhydrous salt, 9-82 ml.). 

The above almost anhydrous salt (2 g.) was dissolved in hot water (1-75 g.), and the solution 
kept at 0°. The crystalline mass was broken up, washed with alcohol, and air-dried (yield 
2-7 g.; 90%) (Found: 0-3096 g. required 9-57 ml. 0-1N-H,SO,. Calc. for hexahydrate, 9-55 
ml.). 


RESEARCH DEPARTMENT, 
Boots Pure Druc Co. Ltp., NoTTINGHAM. [Received, March 6th, 1934.] 





105. The Acid Condensation of Salicylaldehyde with Acetylacetone, 


Ethyl Acetoacetate, and Pyruvic Acid. 
By R. J. W. Le FEvRe. 


(a) By saturating a mixture of salicylaldehyde and acetylacetone with dry hydrogen 
chloride, Chatterji and Ghosh (J., 1918, 118, 446) prepared a substance which they described 
as the chloride of (I)—this view, for reasons already outlined (J., 1933, 1197), seems 


oe 


- = OH 
a) 2\Me @\cH=cH we) 
' OMe COMe 


unlikely. By the method of the Indian authors an impure chloride has now been obtained 
from which a perchlorate can be produced identical with that formed in one step from 
salicylaldehyde (2 mols.) and acetylacetone (1 mol.) in ethereal hydrogen chloride—per- 
chloric acid. The yield is a maximum when the reactants are in the proportion stated, 
and this fact, with the analytical results, shows that the salt of Chatterji and Ghosh was 
in reality the chloride of (II). 

Salicylideneacetylacetone (Knoevenagel and Arnot, Ber., 1904, 87, 4496), subjected to 
the latter process, yields a perchlorate which is different from the above and is therefore 
probably the perchlorate of (I). 

The direction of ring closure found for salicylidenebenzoylacetone (J., 1933, 1197) and 
the results now recorded for salicylideneacetylacetone are paralleled exactly by the inter- 
actions of o-aminobenzaldehyde with the appropriate diketones, except that, even in the 
presence of a considerable excess of salicylaldehyde, the substituted quinolines can be 
isolated with the 2-methyl group unattacked (Stark and Hoffmann, Ber., 1909, 42, 715) : 


N\ Me _ Me‘CO-CH,COMe H,  PhCO-CH,-COMe N\ Me 
OMe * HO > OPh 
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Such resemblance, although common, is not general; e¢.g., application of Friedlander’s 
conditions to ethyl acetoacetate and ethyl benzoylacetate affords 3-carbethoxy-2-methyl- 
quinoline and 3-carbethoxy-2-phenylquinoline respectively (Friedlander and Géhring, Ber., 
1883, 16, 1835)—results which do not correspond to those obtained from salicylaldehyde 
and these ketonic esters in the present work. 

(b) Both De (J. Indian Chem. Soc., 1927, 28, 137) and Léwenbein and Katz (Ber., 
1926, 59, 1377) have noted that, when direct formation of the pyrylium perchlorate is 
attempted from salicylaldehyde and @-ketonic esters by application of the ethereal hydro- 
gen chloride—perchloric acid technique, ketonic scission of the ester apparently precedes 
condensation and the ultimate results are the same as those obtained from salicylaldehyde 
and the corresponding ketone (e.g., ethyl a-methylacetoacetate gives the same pyrylium 
salt as does methyl ethyl ketone). 

De (loc. cit.), however, failed to identify the product from ethyl acetoacetate and 
salicylaldehyde under these conditions. This reaction has now been re-examined, and a 
highly insoluble substance obtained, m. p. 300—305°, which is neither 2-o-hydroxystyryl- 
benzopyrylium perchlorate, m. p. 196° (Buck and Heilbron, J., 1922, 121, 1198), nor its 
3-carbethoxy-derivative. A possible course (III > IV —» V —~» VI) of the reaction 
was suggested by the fact that even under the action of piperidine salicylaldehyde and 
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ethyl acetoacetate condense, with loss of the elements of alcohol but without decarboxylation, 
to give 3-acetylcoumarin (V) (Knoevenagel, Ber., 1898, 31, 732). In accordance with 
this suggestion, 3-acetylcoumarin readily interacts with salicylaldehyde, etc., to produce 
a perchlorate indistinguishable from the substance formed directly from ethyl acetoacetate. 
Parallel results are obtained from 2-naphthol-l-aldehyde and ethyl acetoacetate (see 
experimental). 

It appears likely that decarboxylation as described by Léwenbein and Katz (loc. cit.) 
only occurs when the «a-carbon atom of the 8-ketonic ester is not part of an intact methylene 
group, for, in contrast with the formation of 2-phenyl-3-methylbenzopyrylium perchlorate 
from ethyl «-methylbenzoylacetate observed by these authors, it is now found that ethyl 
benzoylacetate behaves essentially similarly to its acetyl analogue and under the standard 
treatment does not give 2-phenylbenzopyrylium perchlorate (VIII) but instead is largely 
transformed into 3-benzoylcoumarin (VII) : 

ClO, 


uo 
4 co _ By analogy with OH 4 COPh By analogy with ¥ /OrPh 
J-COPh “ethyl acetoacetate CHO CH,°CO,E { _ ethyl a-methyl- a \ 


acetoacetate 
CH 


(VII.) (VIII.) 








Replacement of salicylaldehyde by 2-naphthol-l-aldehyde causes production of 3-benzoyl- 
naphthacoumarin in an analogous manner. 

(c) The two methods available for the preparation of salts of benzopyrylium, namely, 
the cyclisation of o-coumaraldehyde by mineral acids and the direct condensation of 
salicylaldehyde with acetaldehyde under the influence of 70% sulphuric acid (Decker 
and von Fellenberg, Annalen, 1907, 356, 298; 1909, 364, 21), are not suited to large-scale 
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operation : the chief disadvantage of the latter method is the formation of a black resin, 
often in 90% yield. 

o-Acetoxybenzaldehyde and o-acetoxybenzaldehyde diacetate readily give 2-pheny]l- 
benzopyrylium perchlorate under the standard conditions, but with acetaldehyde, its 
oxime, or its diacetate, or with acetal, the main product is the bakelite-like resin. 

Coumarin, under the reduction conditions which transform xanthone into the -base 
of the xanthylium salts, is recovered without change. 

Since benzaldehyde and pyruvic acid form cinnamoylformic acid by treatment with 
dry hydrogen chloride (Claisen and Claparéde, Ber., 1881, 14, 2472), the following sequence 
was examined : 

GO, ClO, 


e 
re bor secon ‘CO, H 
(IX.) CES HCl + HCIO, 108s. CO) « 


2-Carboxybenzopyrylium perchlorate (IX) was prepared in moderate yield, but the yield 
of the salt (X) obtained by its decarboxylation was not better (calculated on the salicyl- 
aldehyde) than that obtained by the procedure described in this vol., p. 42. 


EXPERIMENTAL. 


Repetition of Chatterji and Ghosh’s Experiment.—Acetylacetone (2 g.) and salicylaldehyde 
(2-5 g.) were dissolved in the minimum quantity of methyl alcohol and saturated with dry 
hydrogen chloride for 3 hours (temperature not above 0°). The mixture became dark red. 
After remaining for 2 days at the ordinary temperature, the crystals were collected and washed 
with alcohol. The total product was nearly all extracted by hot acetic acid, and perchloric 
acid (70%, 15 c.c.) was added to the filtered clear solution. On cooling, a brown-black powder 
(ca. 0-5 g.) was obtained, m. p. 115—125° (raised by admixture with the substance, m. p. 
135—140°, described below) (Found: C, 60-0; H, 4:2. Calc. for C,sH,,0,Cl: C, 58-4; 
H, 3-8%). 

Direct Formation of 3-Acetyl-2-0-hydroxystyrylbenzopyrylium Perchlorate (as I1).—A mixture 
of salicylaldehyde (1-2 g.) and acetylacetone (1-0 g.) in anhydrous ether (40 c.c.) containing 
perchloric acid (70%, 4 c.c.) began to develop a red colour spontaneously; it was saturated 
with dry hydrogen chloride and left for 2 days. Filtration and ether-washing then afforded 
1-1 g. of a red-black powder, m. p. 130—135° (raised by admixture with the following product, 
m. p. 135—140°). 

When 2 mols. of salicylaldehyde (2-4 g.) were treated as described above, the yield was 
increased to 2-1 g.; the perchlorate was again dark red and amorphous and did not crystallise 
satisfactorily from any solvent. The best specimen had m. p. 135—140° (Found: C, 59-1; 
H, 4:1. C,9H,,0,Cl requires C, 58-4; H, 3-8%). 

3-A cetyl-2-methylbenzopyrylium Perchlorate (as I) (?).—Salicylideneacetylacetone (Knoeve- 
nagel and Arnot, /oc. cit.) (2 g.) was dissolved in anhydrous ether (50 c.c.) and saturated with 
hydrogen chloride (ice-cooling). Perchloric acid (70%, 5 c.c.) was then added, and the mix- 
ture kept for 24 hours. The small golden-brown needles (ca. 0-5 g.) formed had m. p. 145—150° 
and depressed the m. p. of the perchlorate previously mentioned (Found: C, 51-0; H, 4-0. 
C,,H,,0,Cl requires C, 50-2; H, 3-8%). 

3-Acetyl- and 3-Benzoyl-quinaldine.—In the preparation of these bases described by Stark 
(Ber., 1907, 40, 3427; 1909, 42, 717) it is better, after the prescribed 48 hours’ boiling under 
reflux, to add an excess of water, wash the oil formed by decantation (it can be solidified by 
cooling), extract it with much light petroleum, and evaporate the resulting solution (dried 
with sodium sulphate) until crystallisation begins. The constitution allotted to the con- 
densation product from benzoylacetone depended merely upon the results of a potash fusion. 
Alkaline hypoiodite solution is apparently without action upon the substance, whereas, in 
contrast, 3-acetylquinaldine readily gives rise to iodoform, in complete agreement with the 
formulation of Stark. 

Condensation of Ethyl Acetoacetate with Salicylaldehyde.—A solution of ethyl acetoacetate 
(1-3 g.) and salicylaldehyde (1-3 g.) in ether (40 c.c.) containing perchloric acid (70%, 4 c.c.) 
was saturated with hydrogen chloride. After 2 days, the bronze-red needles were collected 
and washed with ether (yield, 1-6 g.; m. p. 285—290°). 
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Repetition of the above procedure with 2 mols. of salicylaldehyde (2-6 g.) gave the same 
perchlorate (3-4 g.) in a slightly purer condition, m. p. 299—305° (Found: C, 57-9; H, 30%). 
It was sparingly soluble in all the common solvents, but formed orange plates, m. p. 300—305°, 
from hot nitrobenzene. 

Synthesis of the previous salt. (a) Equivalent quantities of salicylaldehyde (1-3 g.) and 
ethyl acetoacetate were mixed and treated with two drops of piperidine. Crystallisation 
began almost at once; after 3 days the mass was pressed on porous tile and crystallised from 
slightly diluted alcohol. It formed pearly plates of 3-acetylcoumarin (2-4 g.), m. p. 116—117° 
(Found: C, 70-3; H, 4:25. Calc.: C, 70-2; H, 42%). 

(b) 3-Acetylcoumarin (1-4 g.) was mixed with salicylaldehyde (1 g.), anhydrous ether 
(30 c.c.), and perchloric acid (70%, 4 c.c.) and saturated with hydrogen chloride. After several 
days the orange perchlorate (V1) was collected (4:3 g., m. p. 260—280°) and recrystallised from 
acetic acid—nitrobenzene; m. p. 300—305° (not depressed by admixture with the salt obtained 
directly from salicylaldehyde and ethyl acetoacetate above) (Found: C, 57-6; H, 2-9. 
C,,H,,0O,Cl requires C, 57-6; H, 2-9%). 

Condensation of 2-Naphthol-1-aldehyde and Ethyl Acetoacetate-——A mixture of the aldehyde 
(2 equivs.) and the ester (1 equiv.), treated as in the above cases, formed an orange powder, 
which could be crystallised from much nitrobenzene and had m. p. over 300° (Found: C, 65-8; 
H, 3-3. C,,H,,;0,Cl requires C, 65-7; H, 3-16%). This substance was synthesised from 
3-acetylnaphthacoumarin (from ethyl acetoacetate and 2-naphthol-l-aldehyde in the presence 
of a few drops of piperidine) and an equivalent amount of the naphtholaldehyde by the general 
method. 

Condensation of Salicylaldehyde and Ethyl Benzoylacetate-—The keto-ester (1-9 g.), with 
salicylaldehyde (1-2 g.) and ethereal perchloric acid as before, was left saturated with hydrogen 
chloride for 3 days; much of the ether had then evaporated. The solid residue, after pressing 
on porous tile and several crystallisations from alcohol, had m. p. 129—130° (alone or mixed 
with authentic 3-benzoylcoumarin prepared as described by Knoevenagel and Arnot, Ber., 
1904, 37, 4497). 

Analogous treatment of a mixture of 2-naphthol-l-aldehyde and ethyl benzoylacetate 
similarly afforded 3-benzoylnaphthacoumarin, m. p. 207—208° after recrystallisation from 
acetic acid (Found: C, 79-8; H, 4-1. Calc. for C.gH,,0,: C, 80-0; H, 40%). 

Formation of 2-Phenylbenzopyrylium Perchlorate.—Mixtures of acetophenone (0-01 g.-mol.) 
and o-acetoxybenzaldehyde (prepared by the method of Rivals, Compt. rend., 1897, 124, 369) 
or its diacetate (Perkin, Annalen, 1868, 146, 371) (0-01 g.-mol. in each case) were dissolved in 
dry ether (40 c.c.) and saturated with hydrogen chloride. After 24 hours the yellow-orange 
plates were filtered off and crystallised from acetic acid; m. p. 179° (alone or mixed with an 
authentic specimen) (Found: C, 58-6; H, 3-7%). o-Methoxybenzaldehyde was recovered 
unchanged from a mixture of the above type after 2 days. 

Condensation of Salicylaldehyde with Pyruvic Acid.—(a) Acid conditions. A mixture of 
salicylaldehyde (1-2 g.) and pyruvic acid (0-9 g.), dissolved in either acetic acid (15 c.c.) or 
anhydrous ether (25 c.c.), was saturated with hydrogen chloride at 0°. The development of a 
deep red colour was slower in the former solvent than in the latter, but after 4 days’ standing 
at the ordinary temperature both solutions yielded on filtration and washing, etc., about 0-3 g. 
of a yellow-green crystalline powder, m. p. 230—235° (decomp. with efferv.) (Found: C, 44-2; 
H, 3-1. C,)H,O,Cl requires C, 43-7; H, 26%). 2-Carboxybenzopyrylium perchlorate is spar- 
ingly soluble in hot or cold water, giving a pink solution, but dissolves in sodium carbonate or 
dilute sodium hydroxide solution with production of a yellow-brown coloration. 

Attempied decarboxylation. The perchlorate (1 g.), dissolved in glycerol (40 c.c.), was 
heated at 200—210° until the evolution of carbon dioxide ceased. Dilution of the bright red 
solution with water and the addition of much aqueous perchloric acid produced a brown 
precipitate (0-1 g., m. p. 230—240°), which gave approximately the correct analysis for benzo- 
byrylium perchlorate monohydrate (Found: C, 43-9; H, 3-8. C,H,O,Cl,H,O requires C, 43-5; 
H, 3-6%). 

(b) Alkaline conditions. A mixture of pyruvic acid (12 g.) and salicylaldehyde (12 g.) was 
added to 10% caustic soda solution (800 c.c.) and kept for 3 weeks. Acidification then liberated 
only salicylaldehyde (9 g.). 

Condensation of Pyruvic Acid with Piperonal_—A mixture of pyruvic acid (9 g.), piperonal 
(14 g.), and 10% sodium hydroxide solution (600 c.c.), i.e., a slight molecular excess of pyruvic 
acid, was left at the ordinary temperature for 12 days. The resulting yellow solution was 
filtered, extracted with benzene, and acidified with dilute sulphuric acid. The precipitate 
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crystallised from dilute alcohol in yellow needles, m. p. 161—162° (after preliminary darkening) 
(Found : C, 60-1; H, 3-7. C,,H,O, requires C, 60-0; H, 3-6%). 


The experiments on the condensation of ethyl acetoacetate with salicylaldehyde were begun 
in collaboration with Mr. J. Pearson, M.Sc. 


UNIVERSITY COLLEGE, Lonpon, W.C. 1. (Received, January 12th, 1934.) 





106. Synthesis of Alkylphenanthrenes. Part VI. Attempts to syn- 
thesise the Hydrocarbon “C,.H,,,” derived from Strophanthidin. 


By Rosert Downs Hawortu, CEcIL ROBERT MAvIN, and GEORGE SHELDRICK. 


A COMPARISON of the absorption spectra and the X-ray crystallographic measurements 
of “‘C,,H,,¢,” obtained from the sterols and the bile acids, “‘ C,gH,,,” obtained from 
strophanthidin, and various alkylphenanthrenes has demonstrated that the first two hydro- 
carbons are probably phenanthrene derivatives (Rosenheim and King, J. Soc. Chem. Ind., 
1932, 954; 1933, 10, 299; Bernal, idbid., 1933, 10; Bernal and Crowfoot, ibid., 1933, 729). 
At the commencement of the present work, there was a possibility that “‘ C,,H,, ’’ was a 
phenanthrene derivative in which quinone formation was inhibited by alkyl substituents 
in the 9- or 10-position, but this view has now been abandoned and “ C,,H,,”’ is con- 
sidered to be a methylcyclopentenophenanthrene. The hydrocarbon “ C,,H,,,” obtained 
by Jacobs and Fleck (Science, 1931, 133; J. Biol. Chem., 1932, 97, 57) by selenium dehydro- 
genation of strophanthidin, yielded an o-quinone, C,,H,,0,, and these authors suggested 
that it was a dimethylphenanthrene, a suggestion which is supported by the physical 
evidence mentioned above. 

The object of the present research was to determine the structure of these two hydro- 
carbons synthetically. After synthesising 2 : 9-dimethylphenanthrene, other developments 
in connexion with ‘‘ C,,H,,”’ caused us to abandon experiments in this direction, and to 
concentrate our attention on the strophanthidin hydrocarbon, “ C,,H,,4,” m. p. 125—126°. 
This hydrocarbon, which must be unsubstituted in the 9- and 10-positions, in order to 
account for the formation of the o-quinone, differs from the known 1 : 4-, 1 : 7-, and 1 : 9-di- 
methylphenanthrenes. The present communication describes the synthesis of the remaining 
9 : 10-unsubstituted dimethylphenanthrenes, with the exception of 3 : 5- and 4 : 5-dimethyl- 
phenanthrene, but none of the synthetical hydrocarbons is identical with ‘‘ C,,H,,.” 

Further, “C,,H,,” differs from 1-, 2-, and 3-ethylphenanthrenes. 1-Ethylphenan- 
threne has been described by Pschorr (Ber., 1906, 39, 3127) and Gadamer (Arch. Pharm., 
1911, 249, 667), who obtained it by the distillation of methoxy-l-vinylphenanthrenes of 
alkaloidal origin with zinc dust. The constants now recorded for l-ethylphenanthrene differ 
considerably from those previously reported, and as the synthetical hydrocarbon yields 
phenanthrene-l-carboxylic acid on oxidation, it is concluded that the hydrocarbon 
obtained previously is probably a polymeride of 1-vinylphenanthrene. 

Although the analytical figures recorded for the hydrocarbon by Jacobs and Fleck are 
in excellent agreement with the formula C,,H,,, its possible identity with a homologue 
has been tested by the synthesis of 1-propyl-, 1- and 2-isopropyl-, 1-methyi-2-ethyl-, and 
2-methyl-1-ethyl-phenanthrene, all of which, however, differ from “‘ C,,H,,.”" The selection 
of these hydrocarbons was determined by three considerations: (1) the similarity in cell 
dimensions of retene and “‘ C,,H,,” encouraged us to prepare the isopropyl derivatives ; 
(2) the possibility of a close relationship between strophanthidin and the sterols suggested 
that one or more of the above hydrocarbons might be produced from a cyclopentenophenan- 
threne during selenium dehydrogenation; (3) an examination of the synthetical dimethyl- 
phenanthrenes showed that symmetrical and 1 : 2-disubstituted phenanthrenes, as a rule, 
have relatively high melting points, thus indicating that ‘‘ C,,H,,” may be either a 1 : 2- 
or a symmetrically disubstituted phenanthrene. 

The syntheses employed were either the general methods used in earlier parts of this 





Synthesis of Alkylphenanthrenes. Part VI. 455 


series, or the method of Bardhan and Sengupta (J., 1932, 2520, 2798). One point, which 
explains our failure to prepare 3:5- and 4: 5-dimethylphenanthrene, requires special 
mention. The synthesis of 1 : 8-dimethylphenanthrene commenced with 5-cyano-l-methyl- 
naphthalene, which was converted via 5-methyl-l-naphthyl methyl ketone, 8-(5-methyl-1- 
naphthoyl)propionic acid (I), and 1-keto-8-methyl-1 : 2:3: 4-tetrahydrophenanthrene (II) 
into 1: a i ce m. p. 191°. 


Me 


Me 
CO-CH,°CH,CO,H cou | x | | ‘¢O 
MeCH CH, 


(I.) ey CH, Me-C:CH-CH,°CO,H 
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An attempted synthesis of 1 : 5-dimethylphenanthrene gave remarkable results. The 
methyl ester of (I) reacted with methylmagnesium iodide to give a poor yield of (III), 
which was converted into 1-keto-4 : 8-dimethyl-1 :2:3:4-tetrahydrophenanthrene (IV). 
This was reduced by Clemmensen’s method, and the product dehydrogenated in the usual 
way. The principal product was identical with 1 : 8-dimethylphenanthrene, obtained as 
described above, and after prolonged fractional crystallisation, small amounts of an 
isomeric hydrocarbon, m. p. 51—52°, considered to be 1 : 5-dimethylphenanthrene, were 
isolated. In an attempt to synthesise 1 : 5-dimethylphenanthrene by another method, 
8-o-tolylethyl bromide and ethyl potassio-6-methylcyclohexanone-2-carboxylate were 
combined to give ethyl 2-(8-0-tolylethyl)-6-methylcyclohexanone-2-carboxylate (V). This 
was reduced, and the product cyclised and dehydrogenated, as described by Bardhan and 
Sengupta (loc. cit.) for analogous cases, but as 1 : 8-dimethylphenanthrene and smaller 
amounts of 1 : 5-dimethylphenanthrene, m. p. 51—52°, were again isolated, it was concluded 
that the abnormal result was due to migration of a methyl group from position 4 to position 
1. A similar abnormal result was obtained during an attempted synthesis of 3 : 5-dimethyl- 
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phenanthrene. Ethyl 2-(8-p-tolylethyl)-6-methylcyclohexanone-2-carboxylate (V1), prepared 
from 6-p-tolylethyl bromide and ethyl potassio-6-methylcyclohexanone-2-carboxylate, 
was reduced, and the product cyclised and dehydrogenated. A hydrocarbon identical 
with 1 : 6-dimethylphenanthrene was isolated and, although other substances were produced 
during the dehydrogenation, it has not been possible to isolate the expected 3 : 5-dimethyl- 
phenanthrene. 

In other cases of similar type, the dehydrogenated mixture has proved incapable of 
resolution into pure compounds. For instance, the dehydrogenation of 4-methyl-1 : 2 : 3 : 4- 
tetrahydrophenanthrene (VII), obtained from 4-methyl-1 : 2-dihydrophenanthrene (IX) 
by catalytic reduction, is abnormal; a hydrocarbon mixture, C,;Hj,, is obtained, from 
which neither 1- nor 4-methylphenanthrene has so far been isolated. The dehydrogenation 
of 4-methyl-1 : 2-dihydrophenanthrene procetds normally (J., 1932, 1128) to yield 4-methyl- 
phenanthrene. This result has been confirmed, and the evidence so far obtained suggests 
that migration of alkyl groups from position 4 to 1 occurs when compounds of type (VII) 
and (VIII) (but not IX) are dehydrogenated with selenium. Before these abnormalities 
had been realised, an attempt to synthesise 2: 4-dimethylphenanthrene, from 6-(1- 
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naphthoyl)isobutyric acid, along lines similar to those described above in the attempted 
synthesis of 1 : 5-dimethylphenanthrene, gave an oil, C,,H,,4, which was considered to be 
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the desired hydrocarbon. The picrate, m. p. 118°, quinone, m. p. 156°, and quinoxaline, 
m. p. 186°, gave the correct analytical results and simulated homogeneous compounds. 
However, 2 : 4-dimethylphenanthrene, prepared by a method in which migration was 
excluded, proved to be a solid, m. p. 111°, giving a picrate, quinone, and guinoxaline melting 
at 139°, 169°, and 156° respectively. It is concluded that the earlier synthesis led to an 
inseparable mixture of isomeric hydrocarbons. 

Elimination of methyl groups during the conversion of hydroaromatic into aromatic 
compounds is well known, but this is the first observation of the migration of a methyl 
group during selenium dehydrogenation. The diagnostic value of this method of determin- 
ing structure is therefore open to criticism, or at any rate requires extreme caution in the 
interpretation of results. As far as we are aware, there is no analogy to this migration 
in the literature. The presence of a hydrogen atom in the 4-position is essential for the 
occurrence of migration, suggesting that this hydrogen atom resists dehydrogenation on 
account of steric factors. The normal route to the aromatic condition, involving the 
elimination of this hydrogen atom, is therefore inhibited, and it is tentatively suggested 
that the migration of the methyl group and the aromatic condition are attained by a 
mechanism indicated by the partial formule (a) to (d). 
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The migration of alkyl groups and other routes to 1: 5-, 3: 5-, and 4: 5-dimethyl- 
phenanthrenes are being examined further. 


(Addendum, April 12th, 1934.) 

Recently Elderfield and Jacobs (Science, 1934, 79, 279) have established a connexion 
between strophanthidin and the sterols; 150 g. of strophanthidin, dehydrogenated under 
carefully regulated temperature conditions, yielded 0-5 g. of “C,gH,,,” obtained from 
the sterols. They suggest that “‘ C,,H,,,” described previously, is a mixture of ‘‘ C,,H,,”’ 
and a dimethylphenanthrene, the latter being responsible for the o-quinone, obtained by 
oxidising the mixture with chromic acid. 

However, the quinone, m. p. 208—210°, and quinoxaline, m. p. 187—188°, do not 
correspond with the derivatives of any known dimethylphenanthrene. 1 : 2 : 7-Trimethyl- 
phenanthrene (J., 1932, 2250) gives a quinone, m. p. 209—210°, and a quinoxaline, m. p. 
184—185°, but a depression in melting point of about 20° was observed when the synthetic 
quinoxaline was mixed with a specimen of’ quinoxaline kindly supplied by Professor 
W. A. Jacobs. 

EXPERIMENTAL. 

The general methods employed follow closely those described in earlier parts of this series. 

Clemmensen reduction processes and cyclisations to ketotetrahydrophenanthrenes are described 
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in Part I (J., 1932, 1128), the condensation of Grignard reagents with derivatives of naphthoyl- 
propionic acid and the reduction of pentenoic acids with phosphorus and hydriodic acid in 
Part II (ibid., p. 1789), and the conversion of naphthyl alkyl ketones into naphthoylpropionic 
acids in Part III (ibid., p. 2249). The dihydrophenanthrene derivatives now described were 
obtained by dehydrating the carbinols, prepared by the action of Grignard reagents on ketotetra- 
hydrophenanthrenes, with 98% formic acid (2 vols.) at 100° for } hour. The method of Bardhan 
and Sengupta (loc. cit.) has been used in several cases without important modification. 

1 : 2-Dimethylphenanthrene.—1 : 2-Dimethyl-3 : 4-dihydrophenanthrene, obtained in 90% 
yield from 1-keto-2-methyl-1 : 2: 3 : 4-tetrahydrophenanthrene (J., 1932, 1132) and methyl- 
magnesium iodide, crystallised from methyl alcohol in colourless leaves, m. p. 99—100° (Found : 
C, 91-9; H, 7-7. C,gH,, requires C, 92-3; H, 7-7%). The picrate separated from methyl 
alcohol in slender, maroon prisms, m. p. 121—122° (Found: C, 60-3; H, 4:4. C,.H,,0,N; 
requires C, 60-4; H, 4-4%). 1: 2-Dimethylphenanthrene, obtained in 70% yield by the action 
of selenium on the dihydro-derivative, crystallised from acetic acid or alcohol in colourless 
leaflets, m. p. 142—143° (Found: C, 92-9; H, 7-0. Calc. for C,,H,,: C, 93-2; H, 6-8%). 
The picrate, orange needles, m. p. 153—-154°, from alcohol (Found : C, 60-7; H, 3-7. Calc. for 
Cy.H,,0,N,: C, 60-7; H, 3-9%), styphnate, slender yellow needles, m. p. 153°, from alcohol 
(Found: C, 58-6; H, 3-8. C,,H,,O,N, requires C, 58-5; H, 3-7%), quinone, slender orange 
prisms, m. p. 213—214°, from acetic acid (Found : C, 81-4; H, 5-0. C,,H,,O, requires C, 81-4; 
H, 5-1%), and quinoxaline, slender cream prisms, m. p. 143—144°, from alcohol or acetic acid 
(Found: N, 8-8. C,,H,,N, requires N, 9-1%), were prepared. After the completion of this 
synthesis, Butenandt, Weidlich, and Thompson recorded a similar synthesis and reported 140° 
and 148° as the m. p.’s of the hydrocarbon and its picrate respectively (J. Soc. Chem. Ind., 
1933, 331; Ber., 1933, 66, 601). 

1 : 3-Dimethylphenanthrene.—Methyl 8-(2-naphthoyl)isobutyrate, colourless pearly plates, 
m. p. 74—75°, from methyl alcohol (Found: C, 74:9; H, 6-2. C,gH,,O3 requires C, 75-0; 
H, 6-2%), obtained in 95% yield by the action of methyl-alcoholic hydrogen chloride on the 
corresponding acid (J., 1932, 1131), reacted with methylmagnesium iodide, giving a 75% yield 
of y-2-naphthyl-a-methyl-A8-pentenoic acid, which crystallised from methyl alcohol in colourless 
prisms, m, p. 168—169° (Found : equiv., 239. C,,H,,O, requires equiv., 240). This acid was 
reduced and cyclised to give a 60% yield (calc. on the pentenoic acid used) of 4-keio-1 : 3- 
dimethyl-1 : 2: 3 : 4-tetrahydrophenanthrene, b. p. 167—169°/0-3 mm. (Found: C, 85-5; H, 7-0. 
C,,H,,O0 requires C, 85-7; H, 7-1%). The latter was converted in 60% yield into 1 : 3-dimethyl- 
phenanthrene, which crystallised from alcohol in colourless needles, m. p. 75—76° (Found : 
C, 92-8; H, 6-7%). The picrate, slender orange needles, m. p. 154—155°, from alcohol (Found : 
N, 9-8. Calc. for C,,H,,O,N,: N, 9-7%), styphnate, orange prisms, m. p. 165—166°, from alcohol 
(Found: C, 58-2; H, 3-8%), quinone, orange prisms, m. p. 215—216°, from alcohol (Found : 
C, 81-0; H, 4.6%), and quinoxaline, slender yellow prisms, m. p. 154—155°, from acetic acid 
(Found : C, 85-4; H, 5-2. C,.H,,N, requires C, 85-7; H, 5-2%), were prepared. Bogert and 
Stamatoff (Rec. trav. chim., 1933, 584) have prepared this hydrocarbon by another method and 
give 76—77°, 153—155°, and 218—219° (corr.) as the m. p.’s of the hydrocarbon, its picrate, 
and quinone respectively. 

1 : 6-Dimethylphenanthrene.—(a) Ethyl 5-methylcyclohexanone-2-carboxylate (Kotz and 
Hesse, Annalen, 1905, 342, 321; 80% yields were obtained by allowing ethyl oxalate and 
3-methylcyclohexanone to remain for 12 hours in the ice chest) was converted into its potassio- 
derivative and condensed with o-tolylethyl bromide (Bardhan and Sengupta, Joc. cit.). Ethyl 
2-(8-0-tolylethyl)-5-methylcyclohexanone-2-carboxylate, b. p. 170—175°/0-4 mm. (Found : C, 75-5; 
H, 8-8. C,,H,,O, requires C, 75-5; H, 8-6%), obtained in 50% yield, was converted in 15% 
yield into 1: 6-dimethylphenanthrene by the method of Bardhan and Sengupta. (b) 8-p- 
Tolylethyl alcohol (Shoesmith and Connor, J., 1927, 1770), obtained in 55% yield by the action 
of ethylene oxide on #-tolylmagnesium bromide, was converted into B-p-tolylethyl bromide in 
90% yield by heating at 100° for 12 hours with 30% hydrogen bromide in acetic acid (7 vols.). 
This bromide and ethyl 6-methylcyclohexanone-2-carboxylate (Kotz and Michels, Amnalen, 
1906, 348, 94) gave a 50% yield of ethyl 2-(8-p-tolylethyl)-6-methylcyclohexanone-2-carboxylate, 
b. p. 170—175°/0-4 mm. (Found: C, 75-3; H, 8-7%), which was converted in 10% yield into 
1 : 6-dimethylphenanthrene. The mother-liquors yielded uncrystallisable oils. 1 : 6-Dimethyl- 
phenanthrene crystallised from methyl alcohol in colourless plates, m. p. 87—88° (Found : 
C, 93-6; H, 68%). The picrate, yellow needles, m. p. 134°, from alcohol (Found: C, 60-9; 
H, 4-2%), quinone, orange plates, m. p. 200°, from alcohol (Found: C, 81-2; H, 5-0%), and 
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quinoxaline, slender cream needles, m. p. 189°, from acetic acid—chloroform (Found: C, 85-5; 
H, 5-3%), were prepared. 

1 : 8-Dimethylphenanthrene—5-Methyl-l-naphthyl bromomethyl ketone (J., 1932, 2722) 
and ethyl sodiomalonate reacted to give, ultimately, a 55% yield of 8-(5-methyl-1-naphthoyl)- 
propionic acid (1), which crystallised from benzene or methy] alcohol in stout colourless prisms, 
m. p. 169—170° (Found: equiv., 242. C,,;H,,0O, requires equiv., 242). The methyl ester, 
b. p. 195—197°/0-3 mm., solidified on long standing. The keto-acid, dissolved in acetic acid 
(6 vols.), was reduced in 90% yield to y-(5-methyl-1-naphthyl)butyric acid, which crystallised 
from a small amount of methyl alcohol in rosettes of silky needles, m. p. 128—129° (Found : 
equiv., 227. C,,;H,,O, requires equiv., 228). 1-Keto-8-methyl-1 : 2: 3 : 4-tetrahydrophenanthrene 
(II), obtained in 70% yield, crystallised from benzene-light petroleum (b. p. 60—80°) in colourless 
plates, m. p. 164—165° (Found: C, 85-4; H, 6-7. C,,H,,O requires C, 85-7; H, 67%), 
sparingly soluble in ether. This cyclic ketone was converted in 95% yield into crystalline 
1 : 8-dimethyl-3 : 4-dihydrophenanthrene, which was not characterised further, but was con- 
verted in 75% yield into 1: 8-dimethylphenanthrene. This hydrocarbon, which is sparingly 
soluble in boiling alcohol or cold acetic acid and readily soluble in chloroform, crystallised from 
acetic acid or benzene in glistening plates, m. p. 191—192° (Found: C, 93-1; H, 7:2%). The 
picrate, yellow needles, m. p. 151—152°, from alcohol containing a little picric acid (Found : 
N, 9-4. C,,H,,0,N, requires N, 9-7%), dissociates on crystallisation from alcohol. The quinone, 
deep orange plates, m. p. 190°, from acetic acid (Found : C, 80-8; H, 49%), and quinoxaline, 
cream needles, m. p. 178°, from acetic acid (Found: N, 9-0%), were prepared. 

1 : 5-Dimethylphenanthrene.—(a) The pentenoic acid (III), obtained as an oil from methyl- 
magnesium iodide and methyl §-(5-methyl-1-naphthoyl)propionate (see above), was reduced 
with phosphorus and hydriodic acid, and the product cyclised. 1-Keto-4 : 8-dimethyl-1 : 2:3: 4- 
letrahydrophenanthrene (IV), obtained in 20% yield (calc. on the ester used), crystallised from 
light petroleum (b. p. 40—€0°) or methyl alcohol in colourless nodules, m. p. 104—106° (Found : 
C, 85-4; H, 6-9. C,,H,,O requires C, 85-7; H, 7-1%). This was reduced and dehydrogenated. 

(b) $-o-Tolylethyl bromide and ethyl potassio-6-methylcyclohexanone-2-carboxylate gave 
a 60% yield of ethy/ 2-(8-0-tolylethyi)-6-methylcyclohexanone-2-carboxylate, b. p. 170—172° /0-4 mm. 
(Found : C, 75-4; H, 8-6%), which was reduced, cyclised, and dehydrogenated. 

The dehydrogenation products from experiments (a) and (b) gave similar results when 
examined in the following manner. The hydrocarbon mixture, isolated with chloroform, was 
distilled in a vacuum over sodium, and the fraction, b. p. 190—220°/12 mm., collected, dissolved 
in much alcohol, and fractionally crystallised. The first five fractions, m. p. 186—190°, 180— 
185°, 175—177°, 170—172°, and 165—167°, were combined and crystallised from benzene, 
giving 1 : 8-dimethylphenanthrene, m. p. 191° (yield, ca. 10%, calc. on the hydrogenated phenan- 
threne used), identical with that described above. The combined benzene and alcohol mother- 
liquors were evaporated and the residue was converted into picrate in alcoholic solution. After 
two crystallisations from alcohol, a picrate was obtained in bronze prisms, m. p. 127—129°, 
unchanged by further crystallisation (Found: C, 60-6; H, 3-7%), but decomposition with 
ammonia yielded a hydrocarbon mixture, which was subjected to a systematic fractional 
crystallisation from alcohol. The head fractions gave 1 : 8-dimethylphenanthrene (1% yield), 
the tail fractions were oils, and from the middle fractions, 1 : 5-dimethylphenanthrene was 
isolated in 2—3% yield. This hydrocarbon crystallised from methyl alcohol in small colourless 
plates, m. p. 57—58° (Found : C, 93-1; H, 7-:0%). The picrate, orange needles, m. p. 134—135°, 
from methy] alcohol (Found : C, 60-7; H, 3-7%), was reconverted into the hydrocarbon, which 
again melted at 57—58°. 

2 : 3-Dimethylphenanthrene.—y-(6 : 7-Dimethyl-2-naphthyl)butyric acid, obtained in 90% 
yield from the corresponding keto-acid (J., 1932, 2250), crystallised from methyl alcohol in 
colourless prisms, m. p. 137—139° (Found: equiv., 241. (CC, ,H,,O, requires equiv., 242). 
4-Keto-6 : 7-dimethyl-1 : 2: 3: 4-tetrahydrophenanthrene, obtained in 80% yield, crystallised 
from light petroleum (b. p. 60—80°) in stout colourless prisms, m. p. 112—113° (Found : C, 85-9; 
H, 7:-4%). 2: 3-Dimethylphenanthrene, obtained in 60% yield, crystallised from alcohol in 
glistening needles, m. p. 65—66° (Found: C, 92-9; H, 7:0%). The picrate, orange-red needles, 
m. p. 1388—140°, from alcohol (Found: C, 61:0; H, 42%), styphnate, slender orange needles, 
m. p. 165—167°, from alcohol (Found: C, 58-5; H, 3-8%), quinone, orange-red prisms, m. p. 
234—235°, from acetic acid (Found : C, 81-2; H, 5-0%), and quinoxaline, slender yellow prisms, 
m. p. 205°, from acetic acid (Found: N, 9-2%), were prepared. 

2 : 4-Dimethylphenanthrene.—2-Naphthyl ethyl ketone, m. p. 56—58° (compare Rousset, 
Bull. Soc. chim., 1896, 15, 58), obtained in 95% yield by the action of ethylmagnesium iodide 
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(1-5 mols.) on B-naphthonitrile in toluene solution, was converted almost quantitatively into 
2-naphthyl B-bromoethyl ketone, which crystallised from light petroleum (b. p. 40—60°) in colourless 
plates, m. p. 81° (Found: Br, 30-1. C,,H,,OBr requires Br, 30-4%) This reacted with ethyl 
sodiomalonate in the usual manner, giving a 70% yield of 8-(2-naphthoyl)butyric acid, which 
would not crystallise. The crude keto-acid was converted in 25% yield into 4-keto-2-methyl- 
1: 2:3: 4-tetrahydrophenanthrene, which separated from methyl alcohol in colourless prisms, 
m. p. 79—80° (Found: C, 85-5; H, 6-7%). 2: 4-Dimethyl-1 : 2-dihydrophenanthrene, b. p. 
185—190°/10 mm., obtained in 95% yield by the action of methylmagnesium iodide on the cyclic 
ketone, was converted in 75% yield into 2: 4-dimethylphenanthrene, which crystallised from 
alcohol in colourless plates, m. p. 111° (Found : C, 93-2; H, 6-9%). The picrate, orange needles, 
m. p. 138—139°, from methyl alcohol (Found : C, 60-8; H, 3-6%), quinone, red plates, m. p. 169°, 
from methyl alcohol (Found: C, 80-9; H, 5-1%), and quinoxaline, cream needles, m. p. 155— 
156°, from acetic acid—chloroform (Found : C, 85-3; H; 5-1%), were prepared. 

2 : 5-Dimethylphenanthrene.—This hydrocarbon, b. p. 204—205°/15 mm., obtained in 50% 
yield by dehydrogenation of the product of the reaction between methylmagnesium iodide and 
4-keto-7-methyl-1 : 2 : 3 : 4-tetrahydrophenanthrene * (J., 1932, 1788), crystallised from alcohol 
in glistening prisms, m. p. 46—47° (Found: C, 93-4; H, 6-7%). The picrate, yellow needles, 
m. p. 127—129°, from alcohol (Found: C, 60-3; H, 3-8%), styphnaie, orange needles, m. p. 
132—133°, from alcohol (Found : C, 58-3; H, 3-6%), quinone, stout orange prisms, m. p. 140-— 
141°, from acetic acid (Found: C, 81-4; H, 5-4%), and quinowxaline, slender yellow prisms, 
m. p. 166°, from acetic acid (Found: N, 9-3%), were prepared. 

2 : 6-Dimethylphenanthrene.—8-(6-Methyl-2-naphthoyl)isobutyric acid (J., 1932, 2250) 
was reduced in 70% yield to y-(6-methyl-2-naphthyl)-a-methylbutyric acid, which, without 
purification, was converted in 60% yield into 4-keto-3 : 7-dimethyl-1 : 2 : 3 : 4-tetrahydrophenan- 
threne, an oil, b. p. 218—220°/20 mm., which gave a semicarbazone, crystallising from alcohol 
in small needles, m. p, 220—221° (Found: N, 15-1. C,,H,ON, requires N, 14:9%). The 
cyclic ketone was converted in 60% yield into 2 : 6-dimethylphenanthrene, which crystallised 
from methyl alcohol in colourless plates, m. p. 33—34° (Found: C, 93-0; H, 6-9%). The 
picrate, yellow needles, m. p. 135—136°, from methyl alcohol (Found: C, 61-0; H, 4-0%), 
styphnate, yellow needles, m. p. 148—150°, from methyl alcohol, quinone, orange needles, 
m. p. 202°, from acetic acid (Found: C, 81-8; H, 5-3%), and quinoxaline, pale yellow needles, 
m. p. 178—180°, from acetic acid (Found: N, 9-4%), were prepared. 

2 : 7-Dimethylphenanthrene.—y-(6-Methyl-2-naphthyl)-8-methylbutyric acid, obtained from 
the corresponding keto-acid (J., 1932, 2249) in 70% yield, was converted without purification 
in 50% yield into 4-keto-2 : 7-dimethyl-1 : 2:3: 4-tetrahydrophenanthrene, which separated 
from acetone in stout colourless prisms, m. p. 133—134° (Found : C, 85-6; H, 7-1%). 2: 7-Di- 
methylphenanthrene crystallised from methyl alcohol in colourless plates, m. p. 101—102° 
(Found: C, 93-1; H, 68%). The picraie, orange needles, m. p. 152—153°, from alcohol 
(Found: C, 60-4; H, 3-7%), quinone, orange plates, m. p. 224—225°, from alcohol (Found : 
C, 81-6; H, 5-1%) (compare Liebermann, Ber., 1911, 44, 1453, who gives 224°), and quinoxaline, 
cream needles, m. p. 235°, from acetic acid (Found: N, 8-9%), were prepared. 

2: 9-Dimethylphenanthrene [with J. MusGRAVE].—8-(4-Methyl-1-naphthoyl)isobutyric acid, 
obtained in 75% yield by condensing methylsuccinic anhydride with 1-methylnaphthalene, 
crystallised from acetic acid in colourless plates, m. p. 141—142° (Found : equiv., 259. C,gH,,O3 
requires equiv., 256), The structure of this acid was established (a) by oxidation with sodium 
hypochlorite to 4-methyl-1-naphthoic acid and (b) by an independent synthesis from 4-methyl- 
l-naphthyl bromomethyl ketone and ethyl sodiomethylmalonate. The keto-acid was converted 
in 75% yield into y-(4-methyl-1-naphthyl)-a-methylbutyric acid, which gave an 85% yield of 
1-keto-2 : 9-dimethyl-1 : 2: 3: 4-tetrahydrophenanthrene, crystallising from light petroleum 
(b. p. 60—80°) in colourless nodules, m. p. 84—85° (Found : C, 85-8; H, 7-2%). 2: 9-Dimethyl- 
phenanthrene crystallised from alcohol in colourless plates, m. , 56—57° (Found: C, 92-8; 
H, 7-0%), and its picrate in long yellow needles, m. p. 138° (Found: C, 61-0; H, 3-9%). 

3 : 4-Dimethylphenanthrene.—3 : 4-Dimethyl-1 : 2-dihydrophenanthrene, b. p. 192—194°/ 
10 mm., obtained from methylmagnesium iodide and 4-keto-3-methyl-1 : 2: 3: 4-tetra- 
hydrophenanthrene (J., 1932, 1132), was converted in 80% yield into 3 : 4-dimethylphenanthrene, 
which crystallised from methyl alcohol in colourless needles, m. p. 62—63° (Found: C, 93-0; 
H, 69%). The picrate, orange-red needles, m. p. 129—130°, from alcohol (Found: C, 60-5; 


* The m. p. of y-(6-methyl-2-naphthyl) butyric acid is 131—132° and not 111—112° as recorded in 
J., 1932, 1788. Our thanks are due to Dr. J. W. Cook for pointing out this mistake. 











Synthesis of Alkylphenanthrenes. Part VI. 


H, 40%), styphnate, orange-red needles, m. p. 142—143°, from alcohol (Found: C, 58-3; 
H, 3-9%), quinone, orange needles, m. p. 207—208°, from alcohol (Found: C, 80-7; H, 4-7%), 
and quinoxaline, pale yellow needles, m. p. 203—204°, from acetic acid (Found: N, 9-3%), 
were prepared. 

3 : 6-Dimethylphenanthrene.—Ethyl 2-(8-p-tolylethyl)-5-methylcyclohexanone-2-carboxyiate, 
obtained in 50% yield from §-p-tolylethyl bromide and ethyl 5-methylcyclohexanone-2- 
carboxylate, was an oil, b. p. 170—173°/0-4 mm. (Found : C, 75-5; H, 85%). This was twice 
reduced with 4% sodium amalgam, the product, b. p. 170—175°/0-4 mm. (yield, 30%), cyclised 
with phosphoric oxide, and the viscous oil, b. p. 160—170°/0-2 mm. (yield, 70%), converted 
into 3 : 6-dimethylphenanthrene, which crystallised from alcohol in colourless plates, m. p. 141° 
(Found : C, 92-8; H, 70%). The picrate, orange-yellow needles, m. p. 172—173°, from methy] 
alcohol (Found: C, 60-6; H, 3-9%), quinone, slender orange needles, m. p. 212—213°, from 
methyl alcohol (Found: C, 81-2; H, 5-0%), and quinoxaline, cream needles, m. p. 252°, from 
acetic acid—chloroform (Found: C, 85-6; H, 5-3%), were prepared. 

1-Ethylphenanthrene, obtained in 60% yield by the action of ethylmagnesium iodide on 
1-keto-1 : 2 : 3: 4-tetrahydrophenanthrene, followed by dehydration with formic acid, and 
dehydrogenation, crystallised from alcohol in colourless prisms, m. p. 62-5° (Found: C, 93-0; 
H, 70%). The picrate, slender orange prisms, m. p. 108—109°, from alcohol (Found : C, 60-7; 
H, 40%), styphnate, yellow needles, m, p. 144°, from alcohol (Found: C, 58-8; H, 40%), 
quinone, orange prisms, m. p. 155°, from acetic acid (Found : C, 81-9; H, 5-1%), and quinoxaline, 
slender cream needles, m. p. 151°, from acetic acid (Found: N, 8-9%), were prepared. Pschorr 
(loc. cit.) and Gadamer (loc. cit.) give 109—110°, 138—140°, and 187—188° for the m. p.'s 
of the hydrocarbon, its picrate, and quinone respectively. 1-Ethylphenanthrene was oxidised 
by means of alkaline potassium ferricyanide to phenanthrene-l-carboxylic acid, m. p. 232°, 
the methyl ester, m. p. 56°, of which was also prepared (Fieser, J. Amer. Chem. Soc., 1929, 51, 
2460). 
1-isoPropylphenanthrene, obtained similarly in 50% yield from isopropylmagnesium iodide, 
crystallised from alcohol in colourless prisms, m. p. 85—86° (Found: C, 93-0; H, 7-4. C,;Hi. 
requires C, 92-7; H, 7-°3%). The picrate, yellow needles, m. p. 125—126°, from methy] alcohol 
(Found: C, 61-4; H, 4:4. (C,;H,,0,N,; requires C, 61-4; H, 4-2%), quinone, orange plates, 
m. p. 147—148°, from alcohol (Found : C, 81-5; H, 5-7. C,,H,,O, requires C, 81-6; H, 5-6%), 
and quinoxaline, cream needles, m. p. 142—143°, from acetic acid—chloroform (Found: N, 9-1. 
Cy3H,,N, requires N, 9-1%), were prepared. 

1-Propylphenanthrene, obtained similarly in 45% yield from propylmagnesium iodide, 
crystallised from methyl alcohol in colourless plates, m. p. 34—35° (Found : C, 92-5; H, 7-1%). 
The picrate, yellow needles, m. p. 100—101°, from methyl alcohol (Found: C, 61-2; H, 4:2%), 
quinone, orange plates, m. p. 139—140°, from alcohol (Found : C, 81-2; H, 5-4%), and quinoxa- 
line, pale yellow needles, m. p. 144—145°, from acetic acid (Found : N, 9-0%), were prepared. 

2-isoPropylphenanthrene.—Crude -(6-isopropyl-2-naphthyl)butyric acid, obtained in 60% 
yield from the corresponding keto-acid (J., 1932, 1790), was converted in 75% yield into 
4-keto-7-isopropyl-1 : 2:3: 4-tetrahydrophenanthrene, which crystallised from light petroleum 
(b. p. 40—465°) in colourless prisms, m. p. 55—56° (Found: C, 85-5; H, 7-7. C,,;H,,O requires 
C, 85-7; H, 76%). 2-isoPropylphenanthrene, obtained in 60% yield, crystallised from methy] 
alcohol in colourless prisms, m. p. 44—45° (Found: C, 92-4; H, 7-2%). The picraie, pale 
yellow needles, m. p. 108°, from methyl alcohol (Found: C, 61-3; H, 4-2%), quinone, orange 
plates, m. p. 134°, from methyl alcohol (Found : C, 81:3; H, 5-5%), and quinoxaline, pale cream 
needles, m. p. 172°, from acetic acid (Found : N, 8-8%), were prepared. 

2-Methyl-1-ethylphenanthrene.—2-Methyl-1-ethyl-3 : 4-dihydrophenanthrene, obtained in 90% 
yield from ethylmagnesium iodide and 1-keto-2-methyl-1 : 2: 3 : 4-tetrahydrophenanthrene 
(J., 1932, 1132), crystallised from alcohol in colourless plates, m. p. 77—78° (Found: C, 91:8, 
H, 8-3. C,,H,, requires C, 91-9; H, 8-1%). The picrate separated in scarlet needles which 
dissociated on attempted recrystallisation from alcohol. 2-Methyl-1-ethylphenanthrene crystal- 
lised from methyl alcohol in colourless plates, m. p. 80° (Found: C, 92-6; H, 7-4%). The 
picrate, yellow needles, m. p. 184—135°, from methyl alcohol (Found: C, 61-5; H, 4:2%), 
quinone, red needles, m. p. 157—159°, from acetic acid (Found: C, 81-4; H, 5-7%), and 
quinoxaline, cream needles, m. p. 146—147°, from acetic acid (Found : N, 9-0%), were prepared. 

1-Methyl-2-ethylphenanthrene.—-(1-Naphthoyl)-a-ethylpropionic acid, obtained in 60% 
yield from ethyl sodioethylmalonate and 1l-naphthyl bromomethyl] ketone, crystallised from 
benzene-light petroleum (b. p. 60—80°) in colourless prisms, m. p. 112—113° (Found : equiv., 
259. C,.H,,O3 requires equiv., 256). This was reduced and the oily product converted in 
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60% yield (calc. on the keto-acid used) into 1-keto-2-ethyl-1 : 2: 3: 4-tetrahydrophenanthrene, 
which crystallised from light petroleum (b. p. 60—80°) in colourless plates, m. p. 60—61° 
(Found: C, 85-6; H, 7:2%). 1-Methyl-2-ethyl-3 : 4-dihydrophenanthrene, a solid obtained 
in 95% yield by the action of methylmagnesium iodide on the cyclic ketone, was converted, 
without purification, into 1-methyl-2-ethylphenanthrene, which crystallised from alcohol in 
colourless plates, m. p. 100° (Found: C, 92-4; H, 7-3%). The picrate, yellow needles, m. p. 
134—135°, from methyl alcohol (Found: C, 61-7; H, 4:1%), quinone, orange plates, m. p. 
163°, from alcohol (Found: C, 81-5; H, 5-4%), and quinoxaline, cream needles, m. p. 108°, 
from acetic acid—chloroform (Found : C, 85-5; H, 5-8%), were prepared. 
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107. Hofmann’s Ethylene Bases. Synthesis of BB’-Diaminodiethyl- 
amine and of BB’-Diaminodiethylmethylamine. 


By FREDERICK G. MANN. 


THE interaction of ethylene dichloride and dibromide with ammonia was investigated 
by Hofmann (Proc. Roy. Soc., 1860, 10, 224, 619; 1862, 11, 413, 424; Ber., 1870, 3, 762; 
1871, 4, 666; 1890, 23, 3297, 3711), who isolated ethylenediamine as the chief product and 
a number of aliphatic and cyclic polyamines as by-products. Although these polyamines 
have been comparatively neglected since Hofmann’s work, they are of interest for three 
reasons. (1) The isolation of many of them has never been repeated; Fargher (J., 1920, 
117, 1351), using, like Hofmann, large quantities of the reactants, isolated only two. 
(2) They are of value for the elucidation of certain stereochemical problems, of which the 
following paper is an illustration. (3) If freely available, they would probably prove of 
great biochemical interest, as they contain the lower homologues of the naturally occurring 
spermine and spermidine, which have been shown by Dudley, Rosenheim, and Starling 
(Biochem. J., 1926, 20, 1082; 1927, 21, 97) to be NN’-bis-y-aminopropylbutylenediamine, 
C,H,(NH’C,H,-NH,)., and N-y-aminopropylbutylenediamine, NH,°C,H,-NH-C,H,*NH,, 
respectively. 

Attempts have therefore now been made to identify these polyamines as decisively 
as Hofmann’s description of their properties and derivatives allows, and then to synthesise 
certain of the lower members by methods which would produce them easily and in good 
yield. 

Hofmann showed that a complete fractionation of the amines obtained by the interaction 
of ethylene dibromide and ammonia gave the following compounds, some of which were 
obtained pure, and all of which were characterised as salts with the binary halogen acids 
or with chloroplatinic or chloroauric acid. 

(A) Ethylenediamine, C,H,N,, b. p. 117—121°. 

(B) “ Diethylenediamine,” C,H,)N,, b. p. 145—146°. This was shown by Majert 
and Schmidt (Ber., 1890, 23, 3718) to be identical with piperazine, with the “ ethylenimin ” 
or “ diethylenedi-imin ”’ of Ladenberg (Ber., 1888, 21, 758; 1890, 23, 3740), and with 
the “‘ spermin ”’ of Schreiner (Annalen, 1878, 194, 68). 

(C) “ Diethylenetriamine,’’ C,H,,Ns, b. p. 208°. Fargher (loc. cit.) found this base to 
be the chief by-product in the preparation of ethylenediamine, and prepared a number 
of its derivatives: the properties of the latter show that the base is identical with the 
88’-diaminodiethylamine, NH(C,H,*-NH,),, whose synthesis is now described. Hofmann 
notes that this and the following triamine differ from the diamines in not giving stable 
hydrates. 

(D) ‘‘ Triethylenetriamine,”” C,H,;N3, b. p. 216°. Meyer and Jacobsen [‘‘ Lehrbuch 
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der Organischen Chemie,” 1913, I (2), 246] assign the improbable nine-membered symmetric 


ring structure NH<G po, ood oe to this base. Hofmann showed, however, that the 


base on neutralisation ‘with hydrochloric acid gave a dihydrochloride, C,H,;N;,2HCl, 
which, when recrystallised from concentrated hydrochloric acid, formed a trihydrochloride, 
C,H,,;N3,3HCl: the latter, however, when dissolved in water underwent partial hydrolysis, 
giving a strongly acidic solution from which the dihydrochloride could be recovered. It 
has been shown by Mann and Pope (Proc. Roy. Soc., 1925, A, 109, 444) that a tertiary 
amine group, when associated with $-primary amine groups, may be almost neutral. For 
example, 8$’8’’-triaminotriethylamine gives a stable trihydrochloride, N(C,H,’NH,,HC\), : 
crystallisation from concentrated hydrochloric acid gives a tetrahydrochloride, but the 
fourth molecule of acid is lost even on exposure to air. It is highly probable, therefore, 
that Hofmann’s compound is $-aminoethylpiperazine, formed by the action of ethylene 
dibromide on the amine (C) : 


C,H,-NHH 
(C.) H,N-C,H, Ny i> HNCH NC “2 NH 2H (D.) 


(E) “ inidianeaineaialiad ‘ saaions b. p. 266—267°. Hofmann obtained this 
compound also by the condensation of ethylene dibromide with an excess of ethylenediamine, 
and thus showed it to be NN’-bis-8-aminoethylethylenediamine: it is the only polyamine 
that Hofmann thus synthesised directly. 


C,H,Br, + 2NH,°C,H,NH, = C,H,(NH-C,H,NH,), -+ 2HBr. 


Although Fargher (loc. cit.) isolated the triamine (C) and the tetramine (E) in moderate 
quantity and described a number of their derivatives, he was unable to detect the presence 
of piperazine (B) or its derivative (D). He was, however, in accordance with the 
directions of Kraut, Rhoussopoulos, and Meyer (Annalen, 1882, 212, 251) for the pre- 
paration of ethylenediamine, using a large excess of aqueous ammonia (17—20 mols.), 
and it would appear, therefore, that the cyclic piperazine derivatives are formed only under 
Hofmann’s conditions, a small excess of alcoholic ammonia (3—4 mols.) being employed. 

A further claim by Hofmann (Proc. Roy. Soc., 1859, 9, 153) to have isolated triethylene- 

C,H, 
diamine, Neo H ON was not substantiated, Harries (Annalen, 1897, 294, 350) stating that 
this base was rp hexaethylenetetramine or bis-(NN’-ethylene)bispiperazine, 
CH N:C,H,:N 
eSNG, iH, -N 

Various higher SM of these amines were also obtained by Hofmann (Proc. 
Roy. Soc., 1862, 11, 420). Thus the interaction of ethylene dibromide with ethylamine 
gave :— 

(F) ‘‘ Ethylene-diethyldiamine,” C.H,,No, or NN’-diethylethylenediamine, 
EtNH-C,H, NHEt. 

(G) “ Diethylene-diethyldiamine,” CH, No, or 1 ; 4-diethylpiperazine, 
EtNCCHED>NEt. 

2°"4 

(H) ‘ Diethylene-triethyltriamine,” C,)H,;N;, or §§'-bisethylaminotriethylamine, 
(EtNH-C,H,),NEt. 

Finally, since the ethylamine used was admittedly impure, and contained ammonia 
and probably diethylamine, two further bases were obtained :— 

(I) “ Triethylene-triethyltriamine,” C,,H,,N3. Salts of this amine with the binary 
halogen acids proved so soluble in water that Hofmann’s identification was based on the 
platinichloride and aurichloride: this compound is probably the triethyl derivative of 


(D), #.e., 1-8-diethylaminoethyl-4-ethylpiperazine, Et,N-C,H,’'N Hert. 
y y'pipe oo" oH, 
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(J) “ Diethylene-diethyltriamine,” C,H,,N,. The formation of this compound was 
due to the ammonia present, and the amine may be £§’-bisethylaminodiethylamine, 
(EtNH-C,H,).NH, 
or N-f-aminoethyl-NN’-diethylethylenediamine, EtNH°C,H,NEt-C,H,NH,. Hofmann 
notes, however, that the amine normally forms a dihydriodide, and that an unstable 
trihydriodide is obtained only by crystallisation from a large excess of acid. This behaviour 
(as in the amine D) indicates a tertiary amine-group, and the unsymmetrical formula is 
therefore probably correct. Moreover, a characteristic property of this triamine was the 
marked insolubility of its hydrochloride in aqueous alcohol. It has now been found that 
this property is shared by the trihydrochloride of §§’-diaminodiethylmethylamine, 
(H,N°C,H,).NMe, but not by that of 6@’-diaminodiethylamine (C), thus providing further 

evidence for the presence of a tertiary amine group. 

Further higher homologues, such as NNN’N'-tetraethylethylenediamine, 

Et,N-C,H,’NEt,, 
were obtained by the interaction of ethylene dibromide and diethylamine (loc. cit., p. 425). 
Since the latter was impure, and the products moreover were isolated as quaternary 
ammonium salts, their accurate identification is impossible. 

Hofmann’s first triamine, $$’-diaminodiethylamine, has now been synthesised from 
the corresponding dihydroxy-derivative, NH(C,H,°OH),, very pure supplies of which are 
available commercially as “ diethanolamine.” The latter was converted by interaction 
with thionyl chloride into £§'-dichlorodiethylamine hydrochloride, (C,H,Cl),NH,HCI, 
following directions (p. 464) kindly supplied by Dr. H. McCombie and Mr. D. Purdie, and 
attempts were then made to condense the dichloro-compound with potassium phthalimide 
to give 88’-diphthalimidodtethylamine, (C,H,4:C,O,-N°C,H,),.NH. Considerable difficulties 
were at first experienced at this stage, owing chiefly to the instability of the free dichloro- 
diethylamine base,* which decomposed violently on attempted distillation under reduced 
pressure, and changed to a solid even at room temperature during 12 hours. The benzoyl 
derivative was useless for. the condensation owing to its curiously unstable nature: 
even on recrystallisation from rectified spirit it underwent hydrolysis to dichlorodtethyl- 
amine benzoate, C,H,-CO,H,NH(C,H,Cl),. The diphthalimido-compound was finally 
prepared by liberating the crude dichlorodiethylamine from the hydrochloride with alkali, 
and, when dried, warming it directly with potassium phthalimide. 

The diphthalimidodiethylamine, when heated with hydrochloric acid, underwent 
rapid hydrolysis and @8’-diaminodiethylamine trihydrochloride, (HCl,H,N-C,H,).NH,HCI, 
was obtained. This crude product requires recrystallisation in order to remove traces of 
ammonium chloride and piperazine dihydrochloride (p. 470) formed by ring closure during 
the process of hydrolysis and subsequent evaporation. There is no doubt that this base 
is identical with the “‘ diethylenetriamine ” of Hofmann and Fargher : its platinichloride, 
2(H,N-C,H,),NH,3H,PtCl,, decomposes rapidly on attempted recrystallisation from 
hot water, as Hofmann (loc. cit., 1862, 11, 407) describes, and its tripicrate has the same 
m. p. as that given by Fargher. 

During the investigation recorded in the following paper, the need arose for a similar 
triamine containing a central tertiary amine group, and for this purpose 88’-diaminodtethyl- 
methylamine has also been synthesised. A suspension of diphthalimidodiethylamine in 
boiling acetone was smoothly methylated with methyl iodide and silver oxide, giving 
88'-diphthalimidodiethylmethylamine, (CgH4:C,O0,:N-C,H,),NMe, which also underwent 
a rapid hydrolysis with hydrochloric acid to give diaminodiethylmethylamine trihydrochloride 
(HC1,H,N-C,H,),.NMe,HCl. This trihydrochloride differs markedly from the above non- 
methylated hydrochloride in being far less soluble in aqueous alcohol: it is therefore 
best recrystallised from hydrochloric acid containing only a few drops of alcohol, whereas 
diaminodiethylamine trihydrochloride requires 80% alcohol saturated with hydrogen 
chloride for this purpose. The constitution of this methylated triamine is placed beyond 
doubt by the above synthesis. It has been confirmed, however, by treatment of the 
triamine in sodium hydroxide solution with an excess of benzenesulphonyl chloride, 


* A study of the general chemistry of this amine by the above authors will appear later. 
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followed by precipitation with hydrochloric acid : bis(benzenesulphonamidoethyl) methylamine 
monohydrochloride, (CgH,*SO.*NH-C,H,),.NMe,HCl, was thus obtained, proving that 
methylation has provided a central tertiary amine group. 










EXPERIMENTAL. 


88'-Dichlorodiethylamine Hydrochloride.—Thiony] chloride (130 c.c.), dissolved in chloroform 
(130 c.c.), is added to a solution of diethanolamine (50 g.) in chloroform (150 c.c.), at first 
cautiously and then more rapidly, during about 10 minutes. Without delay the mixture is 
boiled vigorously and occasionally shaken until a clear solution is formed (about 20 minutes) ; 
within a few minutes thereafter, considerable crystallisation rapidly occurs. The flask is at 
once chilled by immersion in ice-water, and after thus standing for one hour, the semi-solid 
product is filtered off, washed thrice with chloroform and then with ether, and dried. {8’-Di- 
chlorodiethylamine hydrochloride is thus obtained as white crystals (50 g. or 59%): cautious 
addition of ether to the original filtrate gives a second less pure crop (ca. 15g. or 18%).”” The 
first crop is sufficiently pure for direct use in the following synthesis, but may be obtained 
analytically pure by recrystallisation from acetone containing a small quantity of alcohol, 
as white leaflets, m. p. 216—217°, freely soluble in water and alcohol, but only slightly soluble 
in acetone (Found : C, 27-2; H, 5-6; N, 7-7; Cl, 59-5. C,H ,NCl,,HCl requires C, 26-9; H, 5-7; 
N, 7°85; Cl, 59-6%). 

When the hydrochloride (4-0 g.), dissolved in water (30 c.c.), was treated in turn with ice 
(40 g.), benzoyl chloride (3-0 c.c.), and 10% sodium hydroxide solution (30 c.c.) and vigorously 
shaken, the benzoyl compound rapidly separated in small lumps. These were washed with 
sodium hydroxide solution and with water, dried, and recrystallised thrice from rectified spirit. 
The initial recrystallisation was very slow, the others much more rapid. The fine white crystals, 
m. p. 135—136°, obtained proved to be dichlorodiethylamine benzoate (Found: C, 50-0; H, 5-6; 
N, 5-4; Cl, 26-95. C,,H,,O,NCI, requires C, 50-0; H, 5-7; N, 5-3; Cl, 26-9%). The identific- 
ation of this compound as a benzoate rather than a benzamido-derivative was confirmed by 
adding it with stirring to cold sodium hydroxide solution: it then readily gave oily drops, 
presumably of free dichlorodiethylamine, which slowly dissolved if the aqueous solution was in 
considerable excess. Since the original crude product did not behave in this way, the hydrolysis 
of the original benzoyl derivative to the benzoate must have occurred during the recrystallisation. 

A solution of diethanolamine in acetic acid (5 vols.) was saturated with dry hydrogen 
chloride at 0° and then heated in a sealed tube at 100° for 8 hours. On evaporation an oil 
was obtained which solidified on cooling and then, thrice recrystallised from alcohol, gave only 
68’-diacetoxydiethylamine hydrochloride, (AcO-C,H,),NH,HCI, as white crystals, m. p. 147—149° 
(Found : N, 6-15; Cl, 15-9. C,H,,O,NCl requires N, 6-2; Cl, 15-7%). 

88’-Dibromodiethylamine Hydrobromide, (C,H,Br),NH,HBr.—A mixture of diethanolamine 
(1 vol.) and acetic anhydride (5 vols.) was boiled under reflux for 1} hours. Fractional distillation 
under atmospheric pressure removed the excess of anhydride and then under reduced pressure 
gave aceto-B8'-diacetoxydiethylamide (AcO*C,H,),NAc, as a colourless liquid, b. p. 212—214°/23-5 
mm. (Found : C, 51-0, 51-0; H, 7-5, 7-4; N, 6-15; M, cryoscopically in 2-787% benzene solution, 
231; in 5-419%, 250; in 8-009%, 268. C,,H,,0O,N requires C, 51-9; H, 7-4; N,6:1%; M, 231. 
In spite of the consistently low carbon values, the nitrogen content shows decisively that this 
compound is the triacetyl, and not the diacetyl, derivative). The triacetyl compound (5 g.), 
dissolved in acetic acid (50 g.) which had previously been saturated at 0° with dry hydrogen 
bromide, was heated in a sealed tube for 5 hours at 170°. The product was evaporated on a 
sand-bath to small bulk, mixed with a small quantity of concentrated hydrobromic acid and some 
animal charcoal, evaporated again to small bulk, filtered, and chilled. The crystals which 
separated were recrystallised from alcohol, a second crop being obtained by dilution of the 
alcoholic filtrate with ether. Dibromodiethylamine hydrobromide was thus obtained in 
colourless crystals, m. p. 203—205° (Found: Br, 76-6. Calc.: Br, 76-9%). Although this 
preparation of the hydrobromide is a great advance on that of Gabriel and Eschenbach (Ber., 
1897, 30, 810), it offers no advantages over the hydrochloride for the synthesis of the triamine. 

6B’-Diphthalimidodiethylamine.—Powdered {8'-dichlorodiethylamine hydrochloride (40-0 g.) 
and 20% potassium hydroxide solution (64-0 c.c.; 1 mol.) were added in turn to ice (20 g.). 
The free amine, which rapidly separated, was extracted and dried (potassium carbonate) 
in ether (ca. 30 c.c.), and recovered under reduced pressure at room temperature, a fine stream 
of dry carbon dioxide-free air being passed through the liquid to facilitate the removal of the 
ether (yield, 25-6 g. or 80%). The oily dichlorodiethylamine was thoroughly mixed with 
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powdered potassium phthalimide (2 mols.; 67 g.), pressed into a compact mass in a conical 
flask, and heated. At about 145°, a vigorous reaction set in: the flask was removed from the 
bath and the contents were well stirred for a few minutes to prevent overheating. Heating 
at 145—150° was then continued for 1 hour, the product usually forming a solid mass within 
20 minutes. The cold product was powdered, thoroughly washed with water, dried (yield, 
61-5 g.), and repeatedly crystallised from much boiling alcohol, 88’-diphthalimidodiethylamine 
being obtained as colourless crystals, m. p. 178—180° (Found: C, 66-2; H, 4-7; N, 11-3. 
Cy9H,70,N; requires C, 66-1; H, 4-7; N, 11-6%). 

BB’-Diaminodiethylamine Trihydrochloride—A mixture of the diphthalimidodiethylamine 
(30 g.) and dilute hydrochloric acid (300 c.c.; 1: 1 by vol.) was boiled under reflux for 2 hours, 
a clear solution being obtained even before boiling started. The product was chilled, the phthalic 
acid separated, and the solution evaporated to small bulk on the water-bath and finally to 
dryness in a desiccator. The solid product was triturated with absolute alcohol, filtered, washed 
with alcohol and ether, and dried. The trihydrochloride obtained contained traces of ammonium 
chloride and piperazine hydrochloride formed by ring closure, but was sufficiently pure for most 
synthetic purposes. It could be purified by recrystallisation from 80% alcohol saturated with 
hydrogen chloride, a second crop being obtained by dilution of the filtrate with ether (Found : 
Cl, 49-8; N, 19-5. Calc.: Cl, 50-1; N, 19-75%). The trihydrochloride melts at 228—230° 
to a semi-solid product which does not liquefy completely below 280° : it is possible that partial 
transformation into piperazine dihydrochloride occurs at the lower temperature, a process that 
Hofmann (Ber., 1890, 23, 3724) found to occur readily on dry distillation. Fargher (loc. cit.) 
gives m. p. 233° for the trihydrochloride. 

The platinichloride was prepared by adding a solution of the trihydrochloride (1 g.) in 
water (10 c.c.) to one of chloroplatinic acid (30 c.c.; 4 mols.) containing 6-7% of platinum. 
The crystals which rapidly separated were washed with ice-cold water and dried over calcium 
chloride (Found: C, 6-9; H, 2-4; Pt, 40-8. Calc. for CgH;,N,Cl,,Pt,: C, 6-7; H, 2-25; 
Pt, 40-8%). The deep orange crystals were unaffected when heated to 280°, but attempted 
recrystallisation from hot water rapidly caused conversion into other more soluble platinum 
compounds. 

The tripicrate, obtained as a fine yellow precipitate on addition of the trihydrochloride 
to an excess of sodium picrate solution, had m, p. 210—212° (decomp.) with preliminary 
softening : Fargher gives m. p. 212°. Analysis indicated, however, that it was a stable dihydrate, 
which was unchanged after two recrystallisations from much boiling alcohol (Found : C, 32-0; 
H, 3-4; N, 20-0. C,H,,N;,3C,H,O,N;,2H,O requires C, 32-0; H, 3-2; N, 20-3%). 

88’-Diphthalimidodiethylmethylamine.—Freshly prepared silver oxide (4-2 g.) and methyl 
iodide (2-5 c.c.; 2 mols.) were added in turn to a suspension of finely powdered diphthalimido- 
diethylamine (8 g.) in hot acetone (500 c.c.), and the whole boiled under reflux for 3 hours. 
The solution was then filtered, and the acetone removed by distillation; the residue, on cooling, 
gave a brittle solid, which was powdered and extracted with a small quantity of boiling alcohol. 
The extract deposited colourless crystals of B8’-diphthalimidodiethylmethylamine, m. p. 124—126° 
after recrystallisation from alcohol (Found: C, 66-6; H, 5-1; N, 10-9. C,,H,,O,N; requires 
C, 66-8; H, 5-1; N, 11-:1%). The methylated compound is markedly more soluble in most 
liquids than the original diphthalimido-compound. 

BB’-Diaminodiethylmethylamine Trihydrochloride—A mixture of the above diphthalimido- 
compound (25 g.), concentrated hydrochloric acid (140 c.c.), and water (60 c.c.) was boiled under 
reflux for 2 hours, the clear solution chilled, the phthalic acid separated, and the filtrate evapor- 
ated on the water-bath to small bulk; the almost solid mass obtained on cooling and stirring 
was redissolved in hot concentrated hydrochloric acid, which on cooling deposited only a very 
small quantity of the above trihydrochloride and phthalic acid. The cold filtered solution 
was treated with alcohol drop by drop: the fine emulsion which first separated was rapidly 
converted on stirring into a fine crystalline precipitate, and the more copious addition of alcohol 
then precipitated the remainder of the trihydrochloride in almost theoretical yield. The 
trihydrochloride was washed with alcohol and ether and dried (Found : C, 26-6; H, 8-0; N, 18-3; 
Cl, 46-7. C,;H,,N;,3HCl requires C, 26-5; H, 8-0; N, 18-5; Cl, 46-95%). Being very soluble 
in water and in hydrochloric acid but almost insoluble in alcohol, it was best recrystallised from 
concentrated hydrochloric acid containing a few drops of alcohol; on slow cooling, it separated 
in colourless leaflets, m. p. 239° (decomp.). 

The platinichloride, 2(H,N*C,H,),.NMe,3H,PtCl,, prepared in the usual way, formed deep 
orange-coloured crystals of the hexahydrate (Found: Pt, 37-3. CygH,ygO,N,Cl,,Pt, requires 
Pt, 37-2%), which, however, rapidly lost water of crystallisation even when confined over 
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calcium chloride (Found for the anhydrous material: C, 8-3; H, 2-5; N, 5-6; Pt, 39-8. 
CypHygNCli,Pt, requires C, 8-2; H, 2-5; N, 5-7; Pt, 40-0%). This platinichloride is far more 
stable than that of diaminodiethylamine and may be recrystallised from hot water without 
change. 

The trioxalate, (H,N*C,H,),NMe,3C,H,O,,H,O, which is one of the most characteristic 
salts of the base, separated rapidly when cold concentrated aqueous solutions of the trihydro- 
chloride and of oxalic acid were mixed. It is only moderately soluble in cold water, and 
separates from hot water in colourless crystals, m. p. 205° (decomp.) (Found : .C, 32-75; H, 5-6; 
N, 10-2. C,,H,,;0,,N; requires C, 32-6; H, 5-7; N, 10-4%). 

The tripicrate, (H,N*C,H,),NMe,3C,H,(NO,),°OH, was obtained by adding an aqueous 
solution of the trihydrochloride cautiously to one containing an excess of sodium picrate. It 
is freely soluble in acetone, but only slightly soluble in boiling water or alcohol. Two recrystallis- 
ations from alcohol gave the pure tripicrate as a bright yellow, crystalline powder, m. p. 203— 
205° (decomp.): it is unstable when exposed to light, developing a reddish-orange colour 
(Found : N, 20-9. C,;H,,0,,N,, requires N, 20-9%). 

Bis(benzenesulphonamidoethyl)methylamine Monohydrochloride.—Benzenesulphony] chloride 
(2-5 c.c.; 3 mols.) was added to a solution of the trihydrochloride (1-5 g.) in 10% sodium 
hydroxide solution (50 c.c.), and the mixture shaken for 2 hours. When the clear solution 
was acidified with hydrochloric acid, a fine emulsion separated. On standing over-night, the 
emulsion coagulated and solidified, and a further crop of needles also appeared. The solid 
product was collected and twice recrystallised from alcohol, the above monohydrochloride 
being obtained as colourless crystals, m. p. 163—164°, freely soluble in cold water but almost 
insoluble in cold absolute alcohol (Found : C, 47-3; H, 5-5; Cl, 8-2. Cj ,H,O,N;CIS, requires 
C, 47-05; H, 5-6; Cl, 8-2%). 


The author’s sincere thanks are due to Dr. H. McCombie and Mr. D. Purdie for the 
details of the preparation of 88’-dichlorodiethylamine hydrochloride. 
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108. The Constitution of Complex Metallic Salis. Part II. The 
Platinum Derivatives of BB’-Diaminodiethylamine. 


By FREDERICK G. MANN. 


In Part I (Mann, J., 1930, 1745) stereochemical evidence was adduced to show that 
molecules of ammonia, water, organic sulphides, arsines, etc., are joined to the central 
metallic atom in complex salts by means of a co-ordinate link. For this purpose, tetra- 
chloro-(88’-diaminodiethyl sulphide monohydrochloride)platinum (I) was synthesised and 
resolved into optically active forms. The sulphur atom in the original diaminodiethyl 


C,H,yNH,,HCl C,H, NH,,HCI 
H,N-C,HyS | ( H,N-C,HyNH > 


Pe | Pan a 
Cl C1 C1 Cl CICICICL | 
sulphide molecule had thus become asymmetric by the process of co-ordination, and 
was now stereochemically, and probably electronically, identical with the sulphur 
atom in the dissymmetric sulphoxides, such as #’-amino-p-methyldiphenyl sulphoxide, 
C — 


O 
Kenyon, and Phillips (J., 1926, 2079). The evidence thus obtained for a co-ordinate link 
joining sulphur and platinum in the compound (I), although very strong, is not absolute, 
since it is possible that a singlet link might join these atoms and also enable optical activity 
to exist: parachor measurements of a number of similar salts are now being made to 
provide physical evidence on this point. Meanwhile, further stereochemical evidence for 
the co-ordinate link has been sought, utilising amine instead of sulphide molecules. If an 


which had been resolved into optically active forms by Harrison, 


? 
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asymmetric tertiary amine were co-ordinated to metal, giving a group such as R,R,R,N—> Pt, 
the nitrogen atom would now become stereochemically identical with that in Meisenheimer’s 
tertiary amine oxides, ¢.g., PhEtMeN—->O (Ber., 1908, 41, 3966), and a complex salt 
containing such a nitrogen atom should therefore be similarly resolvable into optically 
active forms. Such a case is difficult to realise in practice, however, because tertiary amino- 
groups usually co-ordinate very feebly, if at all, with metallic atoms. Resort was therefore 
had to the much stronger co-ordinating properties of secondary amino-groups, and it was 
found that 88’-diaminodiethylamine trihydrochloride, (H,N-C,H,),NH,3HCI (see preceding 
paper), co-ordinated readily with chloroplatinic acid, giving tetrachloro-(88'-diaminodiethyl- 
amine monohydrochloride)platinum (II). The nitrogen atom in the central secondary 
amine group now resembles the sulphur atom in (I), inasmuch as, although it was symmetric 
in the trihydrochloride, it has become asymmetric in the complex salt by the process of 
co-ordination, and the compound (II) should therefore be resolvable into optically active 
forms. 

It was recognised that, although the utilisation of a secondary in place of a tertiary 
amine group wouid give considerably increased chemical stability, it would also give con- 
siderably decreased optical stability, and that the presence of the hydrogen atom directly 
joined to the asymmetric nitrogen atom might cause very rapid racemisation. The results 
which Meisenheimer (Amnalen, 1924, 438, 261) had obtained with bis(ethylenediamine)- 
sarcosinecobaltic dichloride, | en, Coc NHMet Ha lei, gave promise, however, that the 
racemisation of the platinum compound (II) would not prove too rapid for experimental 
observation. A consideration of Meisenheimer’s compound shows that, irrespective of the 
asymmetric nitrogen atom, the complex ion is itself dissymmetric, since it consists 
essentially of three chelate groups arranged around the central cobalt atom: the nitrogen 
atom may theoretically act in addition as a secondary source of optical activity, so that for 
stereochemical purposes the racemic complex may be conveniently written as [Co*N#]. 
Meisenheimer converted the dichloride into the dibromocamphorsulphonate, which was 
then separated into a less soluble fraction (A), having [M]) = — 920°, and a more soluble 
fraction (B), having [M]p = + 2020°. These fractions were considered to contain the 
active cobalt complex but the racemic nitrogen: allowing a value of + 273° for each 
sulphonate ion, (A) has thus the [Co~N*] ion of [M] = — 1466°, and (B) has the [Co*N*] 
ion of [M] = + 1474°. The fraction (B) was then further recrystallised and gave a less 
soluble fraction (B,), having [M] = + 2290°, which, however, on standing in aqueous 
solution for several hours, fell to the original value of + 2020°: a more soluble fraction 
(B,) had [M]p = + 1775°, which increased in solution to +- 1825° instead of to the original 
value. The fractions (B,) and (B,) were therefore considered to possess the [Co*N*] and 
the [Co*N~] complexes respectively, the change in rotation being due in each case to the 
racemisation of the nitrogen atom, the final activity of the complex ion being due to the 
cobalt alone. 

These results, involving a partial racemisation of a complex ion which already possessed 
considerable activity due to its own molecular dissymmetry, are clearly unsatisfactory as 
evidence for the linkage of the asymmetric nitrogen atom. They are further weakened by 
the fact that the fractions (B,) and (B,), when converted even under the most favourable 
conditions into the corresponding di-iodides, showed an optical activity due to the cobalt 
alone: no evidence for the activity of the nitrogen atom could thus be obtained when 
once the camphorsulphonate radical had been removed. 

The stereochemical properties of tetrachloro(diaminodiethylamine monohydrochloride)- 
platinum are simpler than those of Meisenheimer’s compound, since in the platinum 
derivative the nitrogen atom is the only possible source of optical activity : if, therefore, the 
monohydrochloride had given a camphor- or bromocamphor-sulphonate which in turn had 
shown partial racemisation, this variation in activity must have been due to the asymmetric 
nitrogen atom alone. 

Treatment of the monohydrochloride with ammonium camphorsulphonate, the method 
employed in the resolution of the sulphide-platinum compound (I), did not, however, give 
tetrachloro(diaminodiethylamine camphorsulphonate) platinum (III), and both this compound 
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and the bromocamphorsulphonate had to be prepared by double decomposition with the 
corresponding silver sulphonates. This method, although successful, gave a low yield, 
since a simultaneous side reaction occurred precisely similar to that shown by compound (I), 
viz., the silver sulphonate abstracted hydrogen chloride from the platinum derivative, and 
the amino-group thus liberated co-ordinated at once with the metal, giving the univalent 
trichlorodiaminodiethylamineplatinic complex, which in turn formed a camphorsulphonate. 
The result was therefore that silver camphorsulphonate gave a mixture of the required 
sulphonate (III) and ¢richloro(diaminodiethylamine)platinic camphorsulphonate (IV), some 


_y [ClPt(H,N-C,H,).NH,C,oH,,0°SO,H] (111, 
[Cl,Pt(H,N-C,H,).NH,HCl] << 
 [Cl,Pt(H,N-C,H,),NHIC,,H,,0°SO, (IV.) 


unchanged monohydrochloride necessarily remaining in solution. Fractional recrystallis- 
ation of the camphor- and the bromocamphor-sulphonates, although attempted under 
various conditions, gave no indication of activity due to the nitrogen, the rotation of the com- 
pounds being always constant and equal to that due to the camphorsulphonate ion alone. It 
appeared, therefore, that even if recrystallisation of the sulphonate derivatives was pro- 
ducing optical separation, the latter was being completely masked by a subsequent very 
rapid racemisation, and further attempts to resolve this platinic compound were therefore 
abandoned. 
The complex ion present in the compound (IV) is stereochemically parallel to the corre- 
sponding diaminodiethyl sulphide compound (Mann, Joc. cit.) and should also exist in two 
HN H, isomeric forms, in one of which (IVa) the triamine 
C,H, occupies the three apices of a triangular face of 
l NH, cy] Cc] the 6-co-ordination octahedron, whilst in the 
second (IVb) it occupies the three apices of a 
square cross-section. The monochloride of this 
























2) 







Cl H, Cl i, complex crystallises in magnificent pale yellow 
” prisms which are not apparently a mixture: an 
Cl 2 Sipe : , 
X-ray examination of these crystals is now being 
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When tetrachloro(diaminodiethylamine monohydrochloride)platinum was treated with 

chloroplatinic acid, the corresponding slightly soluble platinichloride, 

(Cl, Pt(H,N-C,H,),.NH,HCI],PtCl,,H,O, 

was immediately precipitated. Hofmann (Proc. Roy. Soc., 1862, 11, 417) probably 
prepared both these compounds when studying the properties of diaminodiethylamine 
platinichloride, 2(H,N-C,H,),NH,3H,PtCl,, described in the previous paper (p. 465), for 
he says “‘ The platinum salt of this (amine), as well as of several other triammonias I have 
examined, cannot be recrystallised without at least partial decomposition. New platinum 
compounds are thus produced, in some of which the chloride is united with a smaller number 
of molecules of platinum tetrachloride,* whilst others, almost insoluble in water, to judge 
from the enormous amount of platinum which they contain, appeared to be produced by 
platinic substitution.” 

In view of the failure to resolve the tetrachloro-platinum compound (II), attempts 
were made to prepare the dichloro(diaminodiethylamine monohydrochloride)platinum, 
(Cl, Pt(H,N°C,H,),.NH,HCl], (V), in case this platinous salt should possess greater optical 
stability ; they were, however, unsuccessful. In one experiment, a small quantity of the 
corresponding platinochloride, [Cl,Pt(H,N-C,H,).NH,HCl),PtCl,,H,O, was isolated, but in 
most experiments a mixture of very soluble salts was obtained. The chief component of 
this mixture was probably monochlorodiaminodiethylamineplatinous monochloride, 
[(C1Pt(H,N-C,H,)NHJCl, since concentrated sodium bromide solution precipitated the 
bromide, [BrPt(H,N-C,H,),NH]Br. The co-ordinated halogen atom is extraordinarily 
labile in these compounds, since an aqueous solution of this bromide when treated with 
cold potassium iodide solution rapidly precipitated in turn the di-todo-compound, 


* Termed dichloride by Hofmann, although he changed the name shortly afterwards. 
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[IPt(H,N°C,H,),.NH]I. In this series of compounds the triamine is co-ordinated to the 
platinum by all three amino-groups, and the apparent absence of the platinous compound 
(V), in which co-ordination occurs through only two amino-groups, represents the chief and 
most striking difference between the co-ordination chemistry of diaminodiethylamine and 
that of diaminodiethyl sulphide and triaminopropane. 

Efforts were now made to synthesise a rhodium compound in which the diamino 
co-ordination would also occur and which should therefore be resolvable by virtue of the 
asymmetric secondary amine group. These efforts were only partially successful, however. 

H.NH. HCl The trihydrochloride of the base reacted with sodium rhodio- 
~ C2HyNHz, chloride to give dichlorobis(diaminodtethylamine monohydro- 
| H,N-C,HyNH chloride)rhodium monochloride (Va) : this compound in solution 
Cl_ RK ala w furnishes three chlorine ions, and thus combined with un- 

pai et aay changed sodium rhodiochloride to give the corresponding 
_H,N-C,H, NH rhodiochloride, {[Cl,Rh{(H,N-C,H,).NH,HCI}},)Ci}RhCl;. No 
¢.H-NH. HC] efforts were made to convert this very stable substance into 
dena the simpler compound (Va), since not only does the latter 
possess two similar asymmetric nitrogen atoms, and should therefore theoretically be 
capable of existence in racemic and meso-forms, but in addition, if the two co-ordinated 
chlorine atoms are in the cis-position, the complex itself, irrespective of the nitrogen atoms, 
possesses molecular dissymmetry: it would therefore be an unsuitable compound for 
the required purpose. Potassium thiocyanate was added to the mother-liquor from the 
preparation of the above rhodiochloride in the hope of precipitating the thiocyanate of some 
more soluble rhodium complex. After long standing, fine yellow crystals separated : these 
were rhodium-free, however, and proved to be oxythiocyanic acid, (HCNSO)n, a compound 
which is apparently related to the perthiocyanic acid, [(HCNS),S]n, described by Chattaway 
and Stevens (J., 1897, 71, 607, 833). 

Triaminopropane co-ordinates readily with copper sulphate, and treatment with a 
feebly acidic solution of potassium thiocyanate gives the deep blue bis(triaminopropane 
monothiocyanate)cupric dithiocyanate, [Cu(H,N-CH,-CH(NH,)-CH,*NH,,HSCN),](SCN),. 
(Mann, J., 1926, 2681; 1927, 1224). Diaminodiethylamine also co-ordinates readily with 
cupric salts, but even in the presence of a large excess of the amine, weakly acidic potassium 
thiocyanate precipitated only the intense blue monothiocyanatodiaminodiethylaminecupric 
monothiocyanate (VI). Here again, as in the platinous series, the latter base seems unable 


-HN-C,HyNH } H,N-C,H,NH, H,N-C,Hy-NH 


| 


Cu C,H,’ (SCN) H,C, ‘Cu~H,N-C,HyNH-C,HyNH,-"Cu CH, 


. 
sx) NH, | NH, I hE, 
(VI.) (VII.) 

to co-ordinate through two amino-groups alone with a 4-co-ordination metallic atom. 
When the solution of copper sulphate in excess of diaminodiethylamine was treated with 
concentrated potassium iodide solution, large deep blue crystals of tris(diaminodiethyl- 
amine)biscupric iodide dihydrate, 3(H,N-C,H,),NH,2Cul,,2H,O, slowly formed. The 
constitution of this compound is difficult to decide. The water molecules were easily 
lost in a vacuum and represent therefore true water of crystallisation : an aqueous solution 
of the compound gave no immediate precipitate with silver nitrate and thus did not 
apparently contain iodine ions. It is possible, therefore, that each copper atom is showing 
a co-ordination number of 6, and by uniting with four amino-groups and two iodine atoms 
forms a neutral non-ionic complex : the third triamine molecule bridges the copper atoms, 
uniting to each by a primary amine group, the central secondary amine group remaining 
un-co-ordinated (VII). When solutions containing this substance were made weakly 
acid with a stream of carbon dioxide, this third amine molecule was split off: the co- 
ordination number of the copper dropped to 4, and monoiododiaminodiethylaminecupric 
monotiodide, [ICu(H,N-C,H,),.NH]I (VIII), crystallised. 

Tervalent cobalt combined with the triamine to give salts such as bis(diaminodiethyl- 
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amine)cobaltic tri-iodide, [Co{(H,N*C,H,).NH},]Is, in which all three amino-groups of each 
triamine molecule are co-ordinated to the cobalt. A description of a number of such salts 
with the 6-co-ordination metals, and a discussion of their stereochemistry, will be 
published later. 

Since the primary purpose of this investigation, namely, to obtain stereochemical 
evidence for the co-ordinate link between nitrogen and the central metallic atom, has thus 
not been achieved, compounds of platinum with other polyamines, such as @8’-diamino- 
diethylmethylamine, (H,N-C,H,).N Me, and 8-aminodiethylmethylamine, H,N-C,H,-NMeEt, 
are now being studied. In these compounds the asymmetric nitrogen is now part of a 
tertiary amine group and should therefore possess much greater optical stability than the 
secondary amine compounds described in the present paper: at the same time the co- 
ordination of the tertiary amine group should be greatly strengthened by the chelated ring 
of which this group forms part. 


EXPERIMENTAL, 


All the rotations given in this paper were measured at 15° in a 4-dcm. polarimeter tube, with 
the mercury green line (A = 5461). 

Tetrachloro-(B8'-diaminodiethylamine monohydrochloride)platinum Monohydrate (II).—An 
aqueous solution of chloroplatinic acid (67 c.c., containing 10% of platinum) was added to a 
solution of 66’-diaminodiethylamine trihydrochloride (15-0 g.; 2 mols.) in hot water (240 c.c.), 
and the mixture boiled under reflux for 6 hours, the colour becoming pale orange. If the pure 
recrystallised trihydrochloride had been used, the solution was now clear, but if the crude tri- 
hydrochloride mentioned in the previous paper was used, a small quantity of a precipitate had 
separated. In the latter case, the precipitate was filtered off, washed with hot water, alcohol 
and ether, and dried, and so obtained as a fine amorphous olive-coloured powder, which darkened 
at 265° but otherwise remained unchanged below 290°. This compound is a derivative of the 
piperazine present in the crude trihydrochloride as a by-product : its identity is uncertain, as 
it may be tetrachloropiperazineplatinum, [Cl,Pt(HNC,H,NH)], or the isomeric dichlorodipiper- 
azineplatinic platinichloride, [C1,Pt(HNC,H,NH),]PtCl, (Found: C, 11-5; H, 2-5; N, 6-65; 
Pt, 45-4, C,H, N,Cl,Pt requires C, 11-3; H, 2-4; N, 6-6; Pt, 46-1%. The piatinum content 
was always slightly low). After removal of this precipitate, the filtrate was evaporated on the 
water-bath until crystals appeared on the surface; cooling then caused copious crystallisation 
of the crude yellow monohydrochloride. The latter, twice recrystallised from water, gave the 
pure ftetrachloro(diaminodiethylamine monohydrochloride)platinum monohydrate as lemon-yellow 
crystals, which began to shrink at 215°, melted to a red plastic mass at 221°, and decomposed 
with effervescence at 228—230° (Found : C, 9-8; H, 3-5; N, 8-35; Pt, 39-25. C,H,,ON,CI,;Pt 
requires C, 9-7; H, 3-3; N, 8-5; Pt, 39-45%). The monohydrochloride is moderately soluble 
in cold water and freely in hot water: the dry material is stable unless exposed to the light for 
several weeks; it then develops a red colour on the surface. 

In earlier experiments, attempts were made to prepare this compound by boiling an aqueous 
solution containing equimolecular quantities of diaminodiethylamine trihydrochloride and 
sodium platinichloride. The solution, however, rapidly deposited the platinichloride of the 
above monohydrochloride, its identity being confirmed by a direct preparation from the mono- 
hydrochloride and chloroplatinic acid. Tetvachloro(diaminodiethylamine monohydrochloride)- 
platinum platinichloride dihydrate, [(Cl,Pt(NH,°C,H,),.NH,HCI],PtCl,,2H,O, was thus obtained 
as fine yellow-orange crystals, which could be recrystallised from much boiling water (Found : 
C, 7-3; H, 2-4; N, 6-25; Pt, 44-2. C,H,,0,N,Cl,,Pt,; requires C, 7-2; H, 2-4; N, 6-3; Pt, 
44-2%). 

When a cold saturated aqueous solution of tetrachloro(diaminodiethylamine monohydro- 
chloride)platinum was diluted with twice its volume of concentrated sodium bromide solution, 
deep orange crystals of the dichlorodibromo-monohydrochloride, 

[Cl], Br, Pt(H,N*C,H,),.NH,HCl],H,0, 
separated after several minutes: since attempted recrystallisation from hot water caused 
rapid decomposition, they were separated, washed with ice-cold water, alcohol, and ether, and 
dried (Found: C, 8-4; H, 2-85; N, 7-4; Pt, 33-1. C,H,,N,Cl,Br,Pt,H,O requires C, 8-2; 
H, 2-8; N, 7-2; Pt, 33-4%). 

Aqueous solutions of tetrachloro(diaminodiethylamine monohydrochloride)platinum were 
treated with ammonia and with ethylenediamine in the expectation that the amino-group thus 
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liberated from the monohydrochloride would co-ordinate with the metal, evicting an atom of 
chlorine, and giving trichlorodiaminodiethylamineplatinic monochloride, 
[Cl,Pt(H,N°C,H,),.NHJCl, 

a reaction which would have been parallel to that shown by the corresponding derivatives of 
triaminopropane and diaminodiethyl sulphide (Mann, Joc. cit.). Actually, this compound was 
never obtained by this method: instead, the monohydrochloride behaved abnormally, for the 
addition of ammonia or of ethylenediamine produced first an orange-red colour, which rapidly 
faded to a very pale yellow: a fine deposit of heavy orange crystals then separated in small 
amount, the major portion of the platinum remaining in solution in the form of some very 
soluble deliquescent derivative. The orange crystals were separated, washed with a little ice- 
cold water, and dried. Their identity remains obscure: it is possible that reduction had 
occurred, giving dichloro(diaminodiethylamine hydrochloride)platinum (V), or that a neutral 
non-ionic compound, trichlorodiaminodiethylamineplatinum, [Cl],Pt(H,N°C,H,),NH] (C), has 
been formed. The production of neither of these compounds is probable: the compound (V) 
would be moderately soluble in cold water and certainly much paler in colour than the parent 
tetrachloro-compound, whilst the actual product was almost insoluble in cold water and darker 
in colour; the compound (C) entails a tervalent platinum atom of co-ordination number 6, a 
very rare phenomenon [Found: C, 11-8; H, 3-5, 3-45; N, 10-5; Pt, 48-1; Cl, 25-1. (V) 
requires C, 11-8; H, 3-45; N, 10-35; Pt, 48-1; Cl, 26:2%. (C) requires C, 11-9; H, 3-2; N, 
10-4; Pt, 48-2; Cl, 26-3%]. 

Tetrachloro(diaminodiethylamine mono-d-camphor-8-sulphonaie) platinum (III).—A solution of 
silver d-camphor-f-sulphonate (16-0 g.; 1 mol.) in water (60 c.c.) was rapidly added with stirring 
to a solution of the platinum-monohydrochloride (23-0 g.) in hot water (120c.c.). The mixture 
was boiled for 2 minutes, filtered, and the filtrate evaporated on the water-bath to small bulk. 
On cooling, clumps of pale yellow crystals slowly appeared : these were separated and recrystal- 
lised from a little hot water, giving the above pure mono-d-camphor-f-sulphonate (Found: C, 
24-8; H, 4:5; Pt, 29-0. C,,H,0,N,Cl,SPt requires C, 25-0; H, 4-35; Pt, 290%). A 
1-3183% aqueous solution had « + 0-48°, [a] + 9-1°, [M] + 61°. Thesulphonate was recrystal- 
lised thrice from small quantities of hot water, the final crop having [M] + 63°. Since the 
camphorsulphonate ion has [M] + 65-8° (Graham, J., 1912, 101, 746), it was clear that no 
resolution was occurring, a fact which was confirmed by treating the final camphorsulphonate 
in cold saturated solution with concentrated calcium chloride solution. The crystalline mono- 
hydrochloride thus regenerated, when separated, washed repeatedly with alcohol and dried, 
was chemically pure (Found: Pt, 39-1%) but optically inactive. Further evaporation of the 
original filtrate gave a series of crops whose increasingly high platinum content showed clearly 
the presence of a by-product. To check the formation of this compound, the above preparation 
was repeated, using, however, suitably diluted cold aqueous solutions, the camphorsulphonate 
being added drop by drop with mechanical stirring over a period of $4 hour. The liquid was 
filtered and then evaporated to small bulk at room temperature in a vacuum. The yellow 
crystals which separated were recrystallised from hot water, and proved to be ¢trichlorodiamino- 
diethylamineplatinum d-camphor-B-sulphonate (IV) (Found: C, 26-1; H, 4-4; Pt, 30-8. 
C,4H,gO,N,Cl,SPt requires C, 26-4; H, 4-4; Pt, 30-7%). A 0-9817% aqueous solution had 
a + 0-38°, [a] + 9-7°, [M] + 62°. The identity of this compound was confirmed by treating it 
in cold saturated solution as before with calcium chloride : the yellow precipitate which rapidly 
separated was recrystallised from hot water, and gave trichlorodiaminodiethylamineplatinic 
chloride monohydrate, [Cl,Pt(H,N°C,H,),NH]CI1,H,O, as magnificent, heavy, pale yellow prisms 
(Found: C, 10-7; H, 3-25; Pt, 42-5. C,H,,ON,CI,Pt requires C, 10-5; H, 3-3; Pt, 42-6%). 
Working in cold solution had thus markedly increased the proportion of trichloro-platinum 
complex ion, and it would appear that the tetrachloro-platinum sulphonate can be successfully 
prepared only in hot solution. 

Tetrachloro(diaminodiethylamine mono-d-a-bromocamphor-n-sulphonate) platinum Dihydrate, 
(Cl, Pt(H,N°C,H,),.NH,C,)H,,BrO*SO,H],2H,O.—The preparation of this compound was first 
attempted by adding a solution of silver bromocamphorsulphonate (19-2 g.; 1 mol.) in hot 
water (100 c.c.) rapidly with stirring to one of the platinum monohydrochloride (20-0 g.) also in 
hot water (80 c.c.). The mixed solutions were boiled for 5 minutes, filtered, evaporated on the 
water-bath to about half-bulk, cooled, and finally concentrated in a vacuum at room tem- 
perature. The heavy yellow crystals which slowly formed in the almost syrupy solution were 
separated, washed with a little water, and dried: they proved to be an inactive sample of the 
almost pure, unchanged platinum hydrochloride (Found: Pt, 38-7%). The filtrate slowly 
deposited a further crop of crystals, paler in colour than the first crop: after several days they 





472 Mann: The Constitution of Complex Metallic Salts. Part II. 


were separated and recrystallised twice from water, and proved to be trichlorodiaminodiethyl- 
amineplatinum d-bromocamphorsulphonate, [Cl,Pt(H,N*C,H,),NH]C,)H,,BrOSO;, very pale 
lemon-coloured crystals, m. p. 263—264° (decomp.) (Found: C, 23-7; H, 3-9; Pt, 27-0. 
C,,H,,0,N,Cl,BrSPt requires C, 23-5; H, 3-8; Pt, 27-3%). A 0-6690% aqueous solution had 
a -+- 1-27°, [«] + 47-6°, [M] + 340°. The identity of this compound was also confirmed by 
treating it in cold saturated aqueous solution with calcium chloride, and thus precipitating 
again the monohydrated chloride of the complex (Found: Pt, 42-5%). 

The preparation was now repeated at room temperature, a solution of silver bromocamphor- 
sulphonate (11-5 g.) in cold water (150 c.c.) being slowly added during 30 minutes to a solution 
of the platinum monohydrochloride (12 g.) also in cold water (150 c.c.). When the filtered 
solution was evaporated in a vacuum desiccator to small bulk, a small crop of the inactive 
unchanged hydrochloride was again deposited. After removal of this, the filtrate slowly deposited 
heavy crystalline orange spherical nodules, interspersed with a fine yellow powder. The latter 
was easily removed by dissolution in a little hot water, and the nodules were then powdered and 
investigated before recrystallisation lest the latter process should change either the rotation or 
the composition. They proved to be the required tetrachloro(diaminodiethylamine-d-bromo- 
camphorsulphonate) platinum dihydrate (Found : C, 21-1; H, 4:3; Pt, 24:75. CgH3,0,N;Cl,BrSPt 
requires C, 21-3; H, 4-1; Pt, 24-8%). A 0-8910% aqueous solution had « + 1-54°, [a] + 43-2°, 
[M] + 340°. The substance was now rapidly recrystallised twice from a little hot water, and 
thus obtained as yellow crystals, which softened slightly at ca. 120° as water of crystallisation 
escaped and finally melted at 205—208° (decomp.) : the composition and rotatory power were 
unchanged, and since, moreover, the bromocamphorsulphonate ion itself has [M] 347° (Pope 
and Read, J., 1910, 97, 2201), it is clear no resolution was occurring (Found: Pt, 250%. A 
1-156% aqueous solution had « + 2-03°, [a] + 43-9°, [M] + 346°). Whereas the required 
tetrachloro-camphorsulphonate could thus be successfully obtained only by working in hot 
solution, the corresponding bromocamphorsulphonate could be obtained only in cold solution. 

Attempts were made to convert the tetrachloro(diaminodiethylamine hydrochloride)platinum 
into the corresponding tartrate by shaking a lukewarm aqueous solution of the former with the 
required quantity of silver tartrate. The filtered solution on evaporation at room temperature 
deposited, however, large crystals of the trichlorodiaminodiethylamineplatinic monochloride 
(Found : C, 10-6; H, 3-5%), the silver tartrate having merely removed hydrogen chloride from 
the hydrochloride. 

Action of Diaminodiethylamine Trihydrochloride on Potassium Platinochloride——The tri- 
hydrochloride (15-4 g.; 2 mols.) was added to a solution of potassium platinochloride (15 g.) in 
hot water (300 c.c.) and the mixture boiled under reflux for 8 hours, the colour becoming pale 
orange-red. Evaporation to small bulk, followed by cooling, caused the separation of much 
potassium chloride : this was removed and the filtrate after 48 hours gave a considerable further 
deposit of colourless crystals. These were obviously a mixture and were difficult to purify by 
recrystallisation : the chief component was therefore isolated as the less soluble bromide by 
treatment in aqueous solution with saturated sodium bromide solution. The product which 
separated was then recrystallised from hot water, and monobromo(diaminodiethylamine) platinous 
monobromide, [BrPt(H,N*C,H,),NH]Br, thus obtained as heavy cream-coloured crystals, which 
darkened to a grey colour at ca. 200° but underwent no further change below 300° (Found : C, 
10-5; H, 3-0; N, 9-0; Pt, 42-6. C,H,,;N,Br,Pt requires C, 10-5; H, 2-9; N, 9-2; Pt, 42-6%). 
When a cold saturated solution of this compound was treated with potassium iodide solution, 
long cream-coloured needles of monoiodo(diaminodiethylamine)platinous monoiodide rapidly 
separated : these, when recrystallised from a little hot water and dried, darkened at 270° and 
melted at 280—281° (decomp.) (Found: C, 8-9; H, 2-55; N, 7:6; Pt, 35-5. C,H,,N;I,Pt 
requires C, 8-7; H, 2-4; N, 7-6; Pt, 35-35%). 

This experiment was now repeated, but to the original mixed solution was added N-hydro- 
chloric acid (72 c.c.; 2 mols.) in the expectation that the increased concentration of acid would 
prevent the co-ordination of the third amino-group. Evaporation to small bulk again gave a 
deposit of potassium chloride, which now contained some reddish crystals. The mixture was 
filtered off, and the potassium chloride eliminated by shaking with a minimum of ice-cold water. 
The small undissolved residue was twice recrystallised from hot water, and dichloro(diamino- 
diethylamine monohydrochloride)platinum platinochloride monokydrate obtained as fine reddish- 
brown crystals (Found: C, 9-05; H, 2-8; N, 7-7; Pt, 53-3. C,H,,ON,C1,Pt requires C, 8-8; 
H, 2-8; N, 7-7; Pt, 53-4%). The original filtrate in this preparation again contained a mixture 
of very soluble compounds. 

In order to check the formation of this platinochloride and to obtain the parent monohydro- 
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chloride, the experiment was repeated with 4 mols. of the amine trihydrochloride : the product, 
however, was again a mixture difficult to purify, and the chief product isolated by means of 
sodium bromide was the above monobromide. Attempts to prepare the required dichloro- 
monohydrochloride were therefore abandoned. 

Dichlorobis(diaminodiethylamine monohydrochloride)rhodium Rhodiochloride.—A solution of 
sodium rhodiochloride dihydrate (6-0 g.) in water (20 c.c.) was diluted with N-hydrochloric acid 
(43 c.c.; 3 mols.), added to a solution of the amine trihydrochloride (6-1 g.; 2 mols.) in water 
(150 c.c.), and boiled under reflux for 9 hours. The pale yellowish-red solution, on cooling, gave 
no deposit, and was therefore evaporated to small bulk: directly crystals appeared on the 
surface, the solution was filtered and allowed to cool. A considerable quantity of an apparently 
amorphous reddish-brown substance separated : this compound, when filtered from the original 
solution, was found to redissolve very sparingly in hot water, but, when once dissolved, it did not 
readily separate again on cooling. It was therefore purified by repeated washing with hot 
water, then with alcohol and ether, and dried. The dichlorobis(diaminodiethylamine monohydro- 
chloride)rhodium rhodiochloride obtained always gave low chlorine results on analysis, but the 
percentage of the other elements indicated that the substance was pure (Found: C, 14-0; 
H, 4:2; N, 12-25; Cl, 38-3; Rh, 29-3. C,H,,N,Cl,Rh, requires C, 13-8; H, 4-0; N, 12-05; Cl, 
40-7; Rh, 29-5%). To obtain the monochloride (Va) and to prevent the formation of the 
rhodiochloride, the experiment was now repeated with 4 mols. of the amine trihydrochloride. 
The experiment proceeded precisely as before, however, and the same compound was isolated 
(Found: N, 12-1; Cl, 38-5; Rh, 29-4%). 

A saturated solution of potassium thiocyanate was added to the filtrate from the above 
rhodiochloride in the hope of precipitating a simpler rhodium compound as a thiocyanate. 
After 1 month, small clusters of fine yellow crystals had separated in very smallamount. These 
were filtered off, washed with cold water, in which they appeared to be insoluble, and recrystallised 
from much boiling water, from which, on cooling and standing for several hours, the charac- 
teristic clusters of minute, dark yellow crystals reappeared. A second recrystallisation did not 
change the composition of the ovythiocyanic acid thus obtained (Found: C, 16-1; H, 1-5; N, 
18-8; S, 43-1. CHONS requires C, 16-0; H, 1-3; N, 18-7; S, 42-7%). The acid melted to a 
plastic mass at 200—202° (decomp.). 

The Cupric Derivatives of B8'-Diaminodiethylamine.—A solution of hydrated copper sulphate 
(10 g.) in water (30 c.c.) was added to a solution of the free amine prepared by dissolving 
diaminodiethylamine trihydrochloride (9-3 g.; 2-2 mols.) in 15% sodium hydroxide solution 
(35-2 c.c.), a transient precipitate, followed by the production of a clear, intensely deep blue 
solution, being thus obtained. A portion of this solution, when diluted with almost saturated 
potassium thiocyanate solution, gave no precipitate even after 2 weeks: when, however, the 
potassium thiocyanate solution contained a few drops of acetic acid, a deep blue precipitate 
rapidly formed. This was twice recrystallised from a little hot water, and thiocyanato(diamino- 
diethylamine)cupric monothiocyanate (V1) obtained as compact, deep blue crystals, m. p. 165— 
167° (decomp.) (Found: C, 25-7; H, 4:6; N, 24-6; Cu, 22-8; total SCN liberated by acids, 
41-2. C,H,,N,S,Cu requires C, 25-45; H, 4-6; N, 24-75; Cu, 22-5; 2SCN, 41:1%). This 
compound is moderately soluble in cold and freely in hot water: it is at once decomposed 
by strong acids, the intense blue colour being replaced by the much paler colour of the 
cupric ion. 

When another portion of the original solution was diluted with a saturated potassium iodide 
solution and kept for 2 days, large, deep blue prisms slowly appeared. These dissolved rapidly 
in hot water, but did not separate again readily on cooling: they were therefore filtered off, 
washed twice with ice-cold water, and dried over calcium chloride. The tris(diaminodiethyl- 
amine)dicupric tetraiodide dihydrate (VII) was thus obtained pure (Found: C, 14-9; H, 4-5; 
N, 12-9; I, 52-1; Cu, 13-1. C,,H3gN,I,Cu,,2H,O requires C, 14-7; H, 4-4; N, 12-85; I, 51-8; 
Cu, 13-0%). Confinement in a vacuum over sulphuric acid for 3 days gave the pure anhydrous 
material (Found: N, 13-3; I, 53-6. Cy gH ggN,I,Cu, requires N, 13-35; I, 53-8%). When a 
cold aqueous solution of the iodide was treated with silver nitrate solution, a fine opalescence 
was alone produced, and became steadily heavier on standing: boiling hastened considerably 
the precipitation of silver iodide. When pure carbon dioxide was bubbled through the filtrate 
from which the above tetraiodide had separated, small dark green crystals slowly appeared : 
these also proved to be too soluble in cold water to allow useful recrystallisation, and were there- 
fore filtered off, washed twice with chilled water, and dried in a vacuum. Monoiodo(diamino- 
diethylamine)cupric monoiodide (VIII) was thus obtained in small, characteristically bottle-green 
leaflets : an aqueous solution when treated with silver nitrate gave an immediate precipitate of 

II 
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silver iodide (Found: C, 11-7; H, 2-9; N, 9-85; I, 60-3. C,H,,N,I,Cu requires C, 11-4; H, 
3-1; N, 10-0; I, 60-4%). 

Bis(diaminodiethylamine)cobaltic Tri-iodide.—Diaminodiethylamine trihydrochloride (8-9 g. ; 
2-25 mols.) and aquopentamminocobaltic trichloride (5-0 g.) were added in turn to N-sodium 
hydroxide (125 c.c.), and the mixture heated on the water-bath for 2 hours, ammonia being freely 
evolved. The solution was then evaporated to about one-third of its original volume, filtered, 
and allowed to cool. The addition of saturated potassium iodide solution rapidly gave a crystal- 
line precipitate, which was separated and twice recrystallised from hot water, bis(diaminodiethyl- 
amine)cobaltic tri-iodide being obtained in heavy, dark brown crystals which were unchanged 
on heating to 280° and were macroscopically indistinguishable from the corresponding triamino- 
propane compound (Found: C, 15-0; H, 4-1; N, 12-9; I, 58-8. C,H,,N,I,Co requires C, 14-9; 
H, 4:05; N, 13-0; I, 58-95%). 


THE UNIVERSITY CHEMICAL LABORATORY, 
CAMBRIDGE. (Received, February 13th, 1934.] 





109. Studies in the Composition of Coal. The Thermal Decomposition 
of Lrgnites. 
By J. E. AsHMorRE and R. V. WHEELER. 


It has been shown (Holroyd and Wheeler, J., 1928, 3197) that, by slow distillation in a 
vacuum, the decomposition points of bituminous coals can be determined within narrow 
limits. The decomposition point, which marks the extensive breakdown of the main 
mass of the coal (the ulmins), is, in general, lower the lower the carbon content of the 
coal. For instance, the values determined for coals of carbon contents 82-8, 81-2, 78-3, 
and 77-0% were: 315—320°, 305—310°, 295—300°, and 290—300°, respectively. 

The object of the work now to be described was to determine whether on passing out 
of the range of the bituminous coals to the lignites, of lower carbon content, the decom- 
position point would continue to be progressively lower; and whether these coals of low 
“rank,” considered by some (e.g., McKenzie-Taylor, J. Inst. Pet. Tech., 1929, 15, 372) 
to have been formed in a different manner from bituminous coals, would show significant 
differences on destructive distillation. 

The coals used were : Colstrip (Montana), Beulat. (N. Dakota), and Morwell (Australia). 
Their analyses (after having been dried at 105° in a vacuum oven during two days), 
together with, for comparison, that of a bituminous coal of low carbon content previously 
studied (loc. cit., p. 3202), were : 


Moisture, Ash, Ultimate analysis, %, on “‘ pure coal ’’ basis. 
Coal. %. » * C, H. , N. Ss. 
Hamstead Thick (Staffs) (Vitrain ~ 
portion only) . . 1 , , . 
Colstrip (Montana) 
Beulah (N. Dakota) 
Morwell (Australia) 





For a series of bituminous coals it had been found, as already stated, that the tem- 
perature of decomposition was lower the lower the carbon content. Further, there was a 
general tendency for the coals of lower carbon content to give greater yields of (a) water 
and (b) phenolic compounds, and to evolve greater quantities of the oxides of carbon 
above their decomposition points. 

The method of determining the decomposition points of the bituminous coals depended 
mainly upon observing at what temperature a sudden evolution of gases and oils, indicative 
of the general breakdown of the mass of the coal, occurred during the course of prolonged 
heating of the coal in a vacuum, the temperature being raised by 5° at intervals of not 
less than 24 hours. Additional evidence that the decomposition point had been correctly 
gauged could be obtained (a) by a comparison of the compositions of the gases and oils 
distilled below and above that temperature; and (b) by measuring the reactivity towards 
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oxygen of the solid residues obtained after distillation at temperatures below and above 
the presumed decomposition point, for a notable increase in the reactivity of the residue 
occurs just after the decomposition point has been passed (loc. cit., p. 3199). 

On applying these methods to the study of the lignites, it was found that vacuum 
distillation by itself could not be relied upon to determine the decomposition points with 
exactitude, for there was no sudden evolution of gases and oils at a definite temperature. 
Considerable volumes of the oxides of carbon were evolved throughout the distillations, 
masking the major breakdown of the ulmins. Significant changes occurred, however, in 
the character of the liquid and gaseous products of decomposition over certain temperature 
ranges, and the solid residues obtained below and above those temperature ranges exhibited 
marked changes in reactivity. The decomposition points could thus be gauged with fair 
accuracy. They were: Colstrip (73-2% C), 285—290°; Beulah (68-99% C), 250—255°; 
Morwell (67-2% C), 225—230°. 

Bone, Horton, and Tei (Proc. Roy. Soc., 1928, A, 120, 523) have treated several lignites 
with boiling benzene under pressures of 40—48 atm. (corresponding with temperatures of 
250—280°). Three had a carbon content (calculated on the ash-free dry basis) of about 
the same range as ours, namely: Rose Deer (Alberta), 726% C; Cardiff (Alberta), 
71:-2% C; Estevan (Saskatchewan), 67-7% C. A sample of the Morwell (Australia) coal, 
of which the carbon content was found to be 64-9%, was also treated with benzene. 

The material removed by this treatment from the Estevan and the Morwell coal differed 
markedly in character from that obtained from lignites of higher carbon content (or from 
bituminous coals) inasmuch as it contained phenolic compounds amounting for the Estevan 
coal to about 24% and for the Morwell coal to about 10% of the original coal substance. 
With regard to this, Bone, Horton, and Tei say (loc. cit., p. 533): ‘‘ The extraction of so 
large a quantity of phenolic bodies from the coal substance of an immature brown coal is 
a remarkable circumstance. And the question naturally arose, were these bodies pre- 
existent as such in the original coal substance, or had they been produced from it by 
incipient thermal decomposition during the extraction process? Accordingly, experi- 
ments were carried out from which it was inferred that, although not present in the free 
state, these phenols were pre-existent in the coal substance in some loose ‘ molecular 
association,’ rather than in firm chemical union, with the main coal-complex.” 

The experiments from which this inference is drawn are not described. It could be 
inferred, also, that because 285° is considerably higher than the decomposition temperature 
of a coal of 67% carbon content, which can be taken to be about 230°, extensive thermal 
decomposition had occurred. 

Phenolic compounds (but not phenol itself) are characteristic decomposition products 
of the ulmins of bituminous coals (see Jones and Wheeler, J., 1915, 107, 1318), and, as 
noted earlier in this paper, the quantity yielded on distillation tends to be greater the 
lower the carbon content of the coal, being, for example, about 2}% of the coal substance 
of the Hamstead Thick coal (78-3 C) as compared with about 1% of a coal of 86-6% 
carbon content distilled up to 350°. We therefore anticipated finding considerable 
quantities of phenols in the oils distilled from the lignites at temperatures between their 
decomposition points and 285°. This anticipation was not realised. The Morwell coal 
yielded no phenolic compounds until the range 275—300° was reached, whilst with the 
Beulah and the Colstrip coal the first appearance of phenols was at 250—275° and at 
270—300° respectively. The total amounts yielded up to 350° were: Beulah, 0-12; 
Colstrip, 0-18°% of the coal substance. The sample of heavy oil from the Morwell coal 
obtained over the range 300—325° was unfortunately lost before it was analysed, so 
that the total yield of phenols from that coal up to 350° can only be estimated; it did 
not exceed 1% and was probably less than 0-2%. 

The remarkably high yield of phenols (about 10%) obtained by Bone, Horton, and 
Tei on treating Morwell coal with benzene at 285° therefore cannot be explained as being 
due to decomposition of the coal substance, even though decomposition undoubtedly 
occurred. The yield is the more remarkable because more than half was found to be 
phenol, which was identified by conversion into its 3: 5-dinitrobenzoate, m. p. 146°. 
We have suggested elsewhere (J., 1933, 1405) that the possibility of the phenols having 
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been formed from the benzene used for the extraction of such a highly oxygenated coal 
as the Morwell cannot be ignored. 

Our destructive distillations have not disclosed any abrupt change in general behaviour 
between the lignites and bituminous coals, such as might be expected were there an abrupt 
change in their character, unless the considerably smaller yield of phenols from the lignites 
than from the bituminous coals be so regarded. It is true that the liquid and gaseous 
products of distillation of the Morwell coal were markedly different from those of a 
bituminous coal of low carbon content, the Hamstead Thick coal (78-3% C) for example; 
but the Beulah and the Colstrip coal, of intermediate carbon content, yielded products of 
intermediate character. There was, in fact, a gradual change in the general character 
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of the products the lower the carbon content of the coal, such as can readily be explained 
by a gradual change in the character of the ulmins. 

In this connexion, it is of interest to compare the behaviour of an ulmin from peat, 
namely, dopplerite (567% C). Tideswell and Wheeler (J., 1922, 121, 2345) distilled 
dopplerite in a vacuum in a manner similar to that employed by us for the lignites. 
Briefly, the results, which are summarised later, fall into line with those obtained with 
the lignites, the inference being that, throughout the series of fuels from peat to anthracite, 
the change in their character is due primarily to a gradual polymerisation and dehydration 
of the ulmins with the elimination of carboxylic and hydroxyl groupings. 

The principal differences in behaviour between bituminous coals and the lignites, 
representing a gradation of properties, can be set forth as follows : 

The evolution of gases. Curves showing the evolution of the principal gases are given 
in Figs. 1 and 2. The yields of “ total gas” from the lignites up to 350° were considerably 
higher than for bituminous coals, the amounts increasing with their decreasing rank. 
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There was no sudden increase at the decomposition point in the production of carbon 
dioxide, as there is with bituminous coals, and the yield of that gas, though always large, 
decreased markedly above 350°. With bituminous coals, carbon dioxide is evolved in 
increasing quantity up to 400°. Curves relating volumes of carbon monoxide evolved to 
temperatures of distillation are fairly smooth, though with the Colstrip coal there was a 
slightly increased evolution above 300°. The oxides of carbon are mainly responsible for 
the high yields of ‘‘ total gas ”’ from the lignites. 

The evolution of paraffins from the Morwell and the Beulah coal was fairly regular 
throughout up to 400°, there being no sudden evolution at the decomposition point as 
there is with bituminous coals. With the Colstrip coal, however, an increased evolution 
of paraffins was noticeable at 300°. Similarly, the Colstrip differed from the other lignites 
in that the evolution of unsaturated hydrocarbons showed a marked increase at about 300°. 

The evolution of water and light oils. The amounts of water of decomposition and light 
oils (light petroleum) evolved up to 350° (% on the ash-free dry coals) were: Water, 
Colstrip, 8-2; Beulah, 10-4; Morwell, 9-0. Light oils, Colstrip, 0-8; Beulah, 2-1; Mor- 
well, 2-1. By comparison, the Hamstead Thick coal yielded 6-2% of water and 1-8% 
of light oils. 

Some of the light oils from the Morwell coal was evolved suddenly over the range 
275—325°, but with the Beulah and the Colstrip coal their rate of evolution increased 
regularly as the temperature was raised. 

The evolution of heavy oils. The percentage amounts of heavy oils evolved up to 350° 
were : Colstrip, 2-9; Beulah, 2-6; Morwell, 2-0. The Hamstead Thick coal yielded 4:7%. 
The oil evolved from the Beulah coal between 200° and 250° was pale yellow and consisted 
mainly of waxy hydrocarbons; the Colstrip coal yielded no oils below 250°; the Morwell 
coal yielded no waxy solids, and the production of heavy oils was not observed below 
260°. The heavy oils were analysed (see J., 1928, 2672) with respect to their contents of 
(a) hydrocarbons, (d) resins (soluble in chloroform and ethyl ether), and (c) phenolic and 
acidic compounds. 

The general results of the distillations, details of which are given under “ Experi- 
mental,” are summarised in Table I, which includes, for comparison, the results of vacuum 
distillations of (a) dopplerite and (5) a bituminous coal of low carbon content. 


TABLE I. 
Vacuum Distillations of Coals. Yields of Liquid and Gaseous Products up to 350°. 


Liquids, % on ash-free dry coal. 





Carbon Total Phenols Gases, Decom- 
content, Light heavy Hydro- and c.c. per position 
Coal. : Water. oil. oil. carbons. acids. g. point. 
24* 0°02* trace ft 78 uncertain 
0 67 225° 
10°4 6 15 0°12 52 255 
“2 ‘9 ee 0-18 44 285 
‘7 1°9 1°8 18 300 


* Up to 410°. t No phenol. 


EXPERIMENTAL. 


Vacuum Distillations.—-The apparatus and method of experiment were as described by 
Holroyd and Wheeler (J., 1928, 2669). A charge of 250 g. of the coal, dried and ground to 
pass through a 20- and remain on a 100-mesh sieve, was heated in a cylindrical retort of Jena 
glass fixed vertically with its mouth downwards. A series of condensers was attached to the 
retort by a ground-glass joint, and a vacuum, within 2 mm., was maintained by an automatic 
mercury Sprengel pump. Heating was effected slowly by stages and the gases and liquids 
evolved at each stage were collected separately. The stages of heating were: (1) At atmo- 
spheric temperature during 50 hours; (2) up to 100°; (3) 100—150°; (4) 150—200°; (5) 200— 
225°, and thereafter by 20—30° intervals up to 350°. The heating lasted 5 days for stage 2, 
and 7 days for the other stages. During the later stages, the temperature at the beginning 
ot each of the first 5 or 6 days was raised 5°. 
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Colstrip (Montana). Solvent analysis (see Cockram and Wheeler, J., 1927, 700) : §-fraction, 
4-3; total y-fraction, 3-0; y,, 1-03; 2, 1-88; y 3, 0-09%. The principal results of the vacuum 
distillation are recorded in Table II. 

TABLE II. 


Vacuum Distillation of Colstrip Coal. 


(i) Gaseous products, c.c. per 100 g. of coal. 
Temperature range. 


— 





Upto 150— 200—  230—  250— 300— 
150°. 200°. 230°. 250°. 270°. 330°. 


150°6 278°9 228°6 ‘ 200-0 , 535°4 
“& 3 . 

3 

5 


58°9 
39°2 


— au» 0:9 . 
P . 250°8 


— — 7 
21:4 46°6 47°4 
— 2°5 “4 23 351-2 
172-0 328°0 287-0 ; 284- i 1235°5 
(ii) Liquid products. 
(a) Water and light oils, c.c. per 100 g. of coal. 
Temperature range. 





Up to 225°. 225—250°. 250—270°. 270—300°. 300—325°. 325—350°. 
Water 3°6 0-4 0°5 10 15 1°4 
Light oils nil trace 0-1 0-1 0-2 0-4 
(colourless) (yellow) (brown) 
(b) Heavy oils, g. per 100 g. of coal. 
Temperature range. 


250—270°. 270—300°.  300—325°. 325—350°. 
Total heavy oils 0-510 1°620 0°635 
Sat. hydrocarbons ; 0°154 )\ 0-910 0°148 


Unsat. and aromatic hydrocarbons i 0°176 f 0°142 
Phenolic oils 0-016 0-092 0°075 
Oxygenated oils 0°035 0-138 0-066 
Ether-sol. oils 0-029 0-110 0°047 
Chloroform-sol. oils 0-002 0°035 0°020 





A trace of acids could be detected in the fraction collected over 300—325°, but no bases 
were present in any fraction. 

Beulah (N. Dakota). Solvent analysis: §-fraction, 2-3; total y-fraction, 3-8; y,, 1-67; 
Yo 1-64; ys, 0-49%. The principal results of the vacuum distillation are recorded in Table III. 


TABLE III. 
Vacuum Distillation of Beulah Coal. 


(i) Gaseous products, c.c. per 100 g. of coal. 
Temperature range. 


100—  150— 200— 225— 250— 275— 300— 
150°. 200°. 225°. 250°. 275°. 300°. 325°. 


209 286 266 401 497 622 691 
— — 1 6 11 18 29 

22 52 60 95 137 166 167 
~— ae —- 13 
— 4 11 34 54 105 206 
TOCRE GAG sicccicccscsece j 231 342 338 536 699 911 1106 


(ii) Liquid products. 
(a) Water and light oils, c.c. per 100 g. of coal. 
Temperature range. 








Up to 200°. 200—225°. 225—250°. 250—275°. 275—300°. 300—325°. 325—350°. 
Water *2é 0°65 0-7 1-0 13 15 1°45 
Light oils trace 0-1 0°25 0-4 0°55 0°75 
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The water evolved at the lower temperatures had an odour of terpenes. The oil first evolved 
had a yellow colour, that obtained at higher temperatures was brown. 


(b) Heavy oils, g. per 100 g. of coal. 
Temperature range. 


200—225°. 225—250°. 250—275°. 275—300°. 300—325°. 325—350°. 


Total heavy oils 0-116 0-212 0°336 0°538 0°620 0°750 
Sat. hydrocarbons 0-015 0-013 0-009 0-061 0-110 
Unsat. hydrocarbons — 0°065 0-101 0-242 0°212 0°192 
Aromatic hydrocarbons 0-051 0:037 0°064 0-078 0-121 0-096 
Phenolic oils -- 0-003 0:019 0-028 0-038 
Oxygenated oils — 0-052 0°085 0°057 0-091 
Ether-sol. oils -— 0-050 0-040 0:041 0°055 
Chloroform-sol. oils = 0-011 0-008 0-006 0-190 

trace 0-008 0-009 0-014 trace 





No bases could be detected in any fraction. 

It should be noted that the y,-fractions (resinic) of the Colstrip and the Beulah coal have 
not distilled unchanged, but have yielded hydrocarbons and ether-soluble oxygenated com- 
pounds. 

Morweli (Australia). Solvent analysis: §-fraction, 10-9; total y-fraction, 4-6; y,, 1-4; 
Yo 1:84; ys, 136%. The principal results of the vacuum distillation are recorded in Table IV. 


TABLE IV. 


Vacuum Distillation of Morwell Coal. 
(i) Gaseous products, c.c. per 100 g. of coal. 
Temperature range. 


“Up to 150°. 150—200°. 200—250°. 250—280°. 280—300°. 300—325°. 325—350°. 
684 1028 869 369 649 447 
— 49 12°8 12°1 36°8 56°5 
—= 6°9 10°1 11°3 30°6 38-0 
70°0 260°3 250-0 152°5 342 356°5 
— — -— — 38:2 145°9 
3°0 28°1 75°2 136-2 236°5 429°5 
757°0 1328-2 1217°1 681-1 1333-1 1473°4 
None of the samples contained H,S. 





(ii) Liquid products. 
(a) Water and light oils, c.c. per 100 g. of coal. 
Temperature range. 


Up to 250°.  250—280°.  280—300°. 300—325°. 
11-0 1°5 1-1 1-9 
Light oils nil 01 0-7 0°8 
The oil was brown, and darkened on exposure to air. 


(b) Heavy oils, g. per 100 g. of coal. 
Temperature range. 


260—275°. 275—300°. 300—325°. 325—350°. 

Total heavy oils , 0°389 0-727 0°485 
Sat. hydrocarbons . 0114 0°127 
Unsat. and aromatic hydrocarbons ‘ 0-082 0°105 
Phenolic oils 0-016 (Sample 0:027 
Oxygenated oils lost) 0:066 
Ether-sol. oils 0°139 0-011 
Chloroform-sol. oils 








A trace of acids was found in the fraction collected over 325—350°. 

Reactivity Measurements.—With bituminous coals, the reactivity towards oxygen of the 
solid residue obtained on heating usually gradually decreases with temperature so long as the 
decomposition point is not exceeded, to increase suddenly so soon as that point has been 
attained. A check on the decomposition point of each of the lignites was therefore sought by 
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determining the reactivities of residues obtained on heating samples at a series of temperatures 
below and above the presumed value. Each sample (20 g., through 20- and on 100-mesh 
sieve) was heated in a vacuum at the required temperature during 3 days, 2 days having been 
taken to reach that temperature. The results are recorded in Table V, the reactivity measure- 
ments being expressed in terms of the volumes of oxygen combining with the residues at 100° 
under standard experimental conditions. 


TABLE V. 


Reactivity Measurements for Residues of Lignites heated at Different Temperatures. 
C.c. of oxygen absorbed per g. per hr. at 100°. 














Colstrip. Beulah. Morwell. 

Temp. of Reactivity. Temp. of Reactivity. Temp. of Reactivity. 
original coal. 1°83 original coal. 1°53 original coal. 1°50 

260—265° 1°54 235—240° 0-72 210—215° 1°52 

270—275 1-07 250—255 * 0°93 220—225 * 2°20 

275—280 0°86 265—270 0°70 225—230 1°46 

285—290 * 1°32 280—285 1°42 

295—300 0°80 


* Decomposition point. 


With the Colstrip and the Beulah coal the decomposition points indicated by these measure- 
ments corresponded with the temperatures at which phenols first appeared in the oils, but 
with the Morwell coal no phenols appeared until 275—300°. 


Throughout this work we have had the assistance of Mr. R. Belcher and wish to express 
our thanks to him for the pains he took. We wish also to thank the Safety in Mines Research 
Board, for whom the work was done, for permission to publish this paper. 


SAFETY IN MINES RESEARCH LABORATORIES, 


SHEFFIELD. [Received, January 26th, 1934.] 





110. The Molecular Polarisations of Nitrobenzene in Various 
Solvents at 25°. 


By H. O. JENKINS. 


A SYSTEMATIC investigation of the molecular electrical polarisations of nitrobenzene in 
various solvents at 25° has been made, in order to obtain information as to the validity 
of the dilute solution method of measuring electrical dipole moments. Although this 
method avoids the influence of dipole association, it cannot avoid the influence of solute 
on solvent and vice versa (see preliminary note, Nature, 1934, 133, 106). 

Horst Miiller (Physikal Z., 1932, 33, 731) measured the polarisation of chlorobenzene 
in non-polar solvents, and Fairbrother (J., 1933, 1541) that of hydrogen chloride in benzene, 
ethyl bromide, and ethylene dichloride. Otherwise, but little systematic work on the 
influence of the solvent has been done, although Smallwood (Z. physikal. Chem., 1932, 
B, 19, 242) has discussed theoretically the errors in dipole moment data due to the neglect 
of atom polarisation and the influence of the solvent. Some work of an entirely different 
kind, ¢.g., Bell’s solubility and partition coefficient determinations (J., 1931, 1371; Trans. 
Faraday Soc., 1931, 27, 797), indicates that the dipole field plays an important part in 
solvents of low dielectric constant and that there is some interaction between dipole 
molecules and solvent molecules. 

Nitrobenzene has now been studied in non-polar solvents and in chloroform; this 
solute was chosen since it has a fairly large dipole moment and is easily prepared pure. 
Previous investigators, e.g., Williams (Physikal. Z., 1928, 29, 174), have found that, within 
the limits of their accuracy, the total polarisation at infinite dilution is independent of 
the non-polar solvent taken. 
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EXPERIMENTAL. 


Materials.—Benzene. Hopkin and Williams’s thiophen-free material was frozen out four 
times, refluxed over phosphoric oxide, and distilled in a current of dry air into a receiver from 
which it could be transferred when required by the use of pneumatic pressure. 

Carbon tetrachloride. Albright and Wilson’s product was refluxed and distilled over phos- 
phoric oxide in a current of dry air. 

Decalin. Hopkin and Williams’s commercial decalin (decahydronaphthalene) was stirred 
for 12 hours with concentrated sulphuric acid, and then with potassium permanganate for a 
further 6 hours. This last process produced a colloidal solution of the reagent in decalin, and 
so the solution was stirred with acidified ferrous sulphate until colourless, The material was 
then washed several times with water and fractionally distilled over phosphoric oxide, a mixture 
of the cis- and the trans-form being obtained; b. p. 190—193°. 

cycloHexane. Chemical methods of purification together with fractional distillation failed 
to give a good product, and so the compound was synthesised from benzene and hydrogen by 
passing the mixed gases over a reduced nickel catalyst deposited on small sieved pumice stones. 
The product was analysed by density and freezing-point determinations. With the conditions 
used, which were the result of numerous trials and gave at least a 90% yield, the material 
obtained generally had f. p. — 3-0°, d° 0-77 (I.C.T. give f. p. 65°; d= 0-774). The impurities 
present were unchanged benzene and probably some dihydrobenzenes and tetrahydrobenzene 
(potassium permanganate was decolorised). These were removed by shaking with concentrated 
sulphuric acid, then with potassium permanganate, and washing five times with water. 
Fractional distillation from phosphoric oxide through a 4-foot column gave a product of f. p. 
6-45° + 0-02°. 

n-Hexane. B.D.H. Material “ free from aromatic hydrocarbons ” was heated gently on 
the water-bath with fuming nitric acid for 6 hours, then fractionally distilled over phosphoric 
oxide, the fraction of b. p. 66-8—67-5°/760 mm. being collected. 

Carbon disulphide. A commercial sample was fractionally distilled over ceresin; b. p. 
45-8°/758 mm.; its dielectric constant at 25° coincided with that given by Williams and Ogg 
(J. Amer. Chem. Soc., 1928, 50, 94). 

Chloroform. Hopkin and Williams’s material was shaken with concentrated sulphuric 
acid, then with potassium hydroxide solution, washed several times with water, and fractionally 
distilled from phosphoric oxide through a 4-foot column. 

Nitrobenzene. This was prepared from pure thiophen-free benzene (see above) by nitration 
below 40° (Sidgwick and Ewbank, J., 1924, 125, 2268). It was distilled under reduced pressure 
below 100°, and a portion redistilled for each series of measurements, the f. p. always being 
checked (5-69°). 

Measurement of Dielectric Constants.—Dielectric constants were measured by a heterodyne- 
beat method at a wave-length of 500 m., with the apparatus described by Sutton (Proc. Roy. 
Soc., 1931, A, 133, 668). Some modifications were made in the lay-out to minimise lead in- 
ductance, obtain better switching, etc., and two single-solution platinum-plated brass cells 
were constructed of air capacities 25 uF and 80 pyF, the former being used for the work with 
chloroform. Also, a thermionic-valve-maintained tuning fork was used to match the heterodyne 
note. All apparatus will be more fully described in a future communication. The platinum- 
plated cells were calibrated with pure benzene at 25°, the corresponding dielectric constant 
of benzene being taken as 22727 (Hartshorn and Oliver, Proc. Roy. Soc., 1929, A, 123, 664). 

On account of the use of chloroform, it was thought desirable to test the cell full of polar 
liquid for dielectric loss, The heterodyne-beat method consists in principle in adjusting a 
capacity C, to equal a capacity Cp. Now Cy, consists of a number of air condensers assumed 
perfect, whilst Cp has included in it the cell capacity. If there is dielectric loss on the B side 
of the circuit, then the condenser reading on the A side of the circuit will not correspond to the 
true capacity of the B side, and error in the measured dielectric constant results. The orders 
of magnitude of the equivalent resistances involved were therefore determined. (I thank 
Mr. W. Jackson, and Mr, F. C. Frank of the Engineering Laboratory, University of Oxford, 
for loan of apparatus, advice, and assistance in connexion with these resistance measurements.) 

A tuned grid oscillator was constructed, giving a wave-length of 500 m., i.e., the wave- 
length at which the dielectric constants were measured. A pick-up circuit loosely coupled 
to the oscillator consisted of an inductance of small resistance in series with which could be 
placed known small resistances of fine eureka wire, their high-frequency and direct-current 
resistance being identical. The circuit also contained two calibrated variable capacities for 
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coarse and fine tuning, and it was also possible to put the liquid condenser or cell in and out 
of the circuit. Across one of the capacities was a Moullin thermionic voltmeter. The usual 
resonance method of measuring a condenser resistance was then applied. 

Some specimen results are given. The total circuit capacity at resonance was about 550 pyF. 
The circuit resistance was found to be 2-07 ohms whether the cell with air as dielectric was 
included in the circuit or not. The equivalent series resistance of the cell with air as dielectric 
is thus zero. Specimen solutions in the cell gave equivalent series resistances of 0-04 ohm 


and 0-20 ohm. Now the following two circuits are equivalent to one another; (a) a capacity 
C shunted by a high resistance R, (b) a capacity C, in series with a small resistance ry. By 
applying the usual method using symbolic impedances (see Hague, ‘‘ A.C. Bridge Methods ’’), 
it can be shown that 


y = Rj(1 + R*C%2) & 1/RC%w? (1) 





where r is the measured equivalent series resistance and R the parallel resistance; also 
(2) 


The correction to the heterodyne-beat method capacity is thus 1/R*Cw*. Insertion of the 
values ry = 0-2 ohm, C = 550 pyF, f = w/2x = 600 kc. in equation (1), gives R = ca. 10% ohms; 
by inserting this value of R in equation (2), together with C = 200 upF (say) and f = w/2x = 600 
kc., it is seen that the correction to be applied to a measured capacity of 2 x 10-'® farad is 
about 10-'* farad and hence unimportant. This resonance method is being applied to solvents 
of higher dielectric constant. 

Measurement of Densities —The usual Sprengel-Ostwald pyknometer was used. 

Measurement of Refractive Indices —These were measured with the Pulfrich type of instru- 
ment for the Hg green line 5461, a centrally divided cell being used. The refractivities were 
calculated with the usual Lorenz—Lorentz formula and were not extrapolated to infinite wave- 
length. Measurements were made in benzene and carbon tetrachloride, and gP,, the electron 
polarisation of nitrobenzene, found to be 32-6 c.c. 

The results are in the following tables; f, is the molecular fraction of nitrobenzene, ¢,;. the 
dielectric constant, d= the density, P,, the molecular polarisation of the mixture, P, that of 
the solute, _P, the total polarisation of the solute at infinite dilution, and P,,o is the atom 
+ orientation polarisation. The apparent dipole moment yp is calculated by the usual Debye 
equation u = V9RkTP,.9/4nxN, the unknown atom polarisation being included. The relative 
accuracy in ¢,;- is considered to be + 0-0002, except for chloroform solutions, where the error 
is probably + 0-0008. Polarisations of solute are calculated from differences and so it is un- 
necessary to know the absolute value of the dielectric constant. The densities are correct to 
the fourth place of decimals, and ,P, is subject to an error of 0-5—1-0 c.c. 


Ce = C + 1/R*Co? 








Apparent Dipole Moments of Nitrobenzene at 25°. 


























p = 3°94." 


oP: = 353°8; gP, = 32°6; Paso = 321°2; 


p= 3°93. 


* In Debye units (e.s.u. x 10") here and throughout. 


In benzene. In decalin. 

3 dey ,. Ps. P,. )* a" &. Prs- Py. 
000000 2°2727 0°8736 26°612 — 0:00000 2°1624 0°8809 43-793 —_ 
0°01534 2°6224 0°8798 31-412 339°6 0°01269 2°3158 0°8834 47°610 344°6 
0°01688 2°6559 0°8805 31°832 335°9 0°02150 2°4240 0°8851 50°119 338-0 
0°02273 2°7894 0°8826 33°471 327°9 0°02588  2-4790 0°8859 51°344 335°6 
0°02910 2°9356 0°8849 35°170 320°7 002618 2°4832 0°8860 51°434 335°6 
0°03501 3°0717 0°8872 36°660 313°6 wPs ans 352°9; EP; _ 32-6; Paso om 320°3; 


In carbon tetrachloride. 





In n-hexane. 

















0:00000 = 2°2277 15848 28°186 ~~ 000000 =1°8870 0°6615 29°705 -- 
0°01845 2°6031 15775 33°836 334°4 0°01465 2°0896 0°6681 34°555 360°8 
0°02444 2°7283 15751 35°522 328°5 0°02819 2°2816 0°6740 38°704 349°0 
0°03403 2°9307 15711 38°078 318°9 0°04649 2°5508 0°6820 43°884 334°7 
ols = 353°1; gP, = 32°6; Paso = 32055; ols = 372°5; gP, = 32°36; Paso = 339°9; 
p = 3°93. p= 4°05. 
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In cyclohexane. In carbon disulphide. 
0°00000 =. 20160 0°7739 27°493 — 0°00000 3 8=.2°6328 1°2558 21°363 — 
0°02574 2°4563 0°7837 35°483 338°0 0°00769 2°8857 1°2546 23°529 303-1 
0°03229 2°5728 0°7860 37°349 332°7 0°01449 3:1105 1°2536 25°301 293-0 
0°03730 2-6608 0°7880 38°683 327°6 0°01846 3°2437 1°2530 26°290 288°2 
0°03938 2°6990 0°7890 39°240 325°8 0.02553 3°4830 1°2520 27°966 280-0 


ws = 360°0; gP, = 326; Paso = 327°4; oP, = 3100; gP, = 32°6; Paso = 277°4; 
p= 3°97. 


p= 3°66. 
In chloroform. 


0:00000 4°7219 14797 44-673 — 0°02413 5°5598 14724 48940 221°5 
0°01620 5°2870 1°4747 47°648 228°4 0°02875 5°7205 14711 49°661 218-2 


oP, = 241°2; gPy = 32°6; Paro = 208°6; p = 3°17. 
DISCUSSION OF RESULTs. 


The results are collected in Table I, ¢ being the dielectric constant of the solvent ; 
~/ falls with increasing dielectric constant of the solvent, and if it is plotted against 


TABLE I. 
€. 1/e. aXe pe. €. L/e. ox p. 
1-887 0°5299 372°5 4°05 2-273 0°4399 353°8 3°94 
2-016 0°4960 360°0 3°97 2-633 0°3798 310°0 3°66 
2°162 0°4625 352°9 3°93 4°722 0°2118 241°2 3°17 
2-228 0°4488 353°1 3°93 


1/e a good straight line results, as shown in Fig. 1. The points for n-hexane, cyclohexane, 
carbon disulphide, and chloroform do not deviate from the line by more than 0-5 c.c., but 
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those for benzene, carbon tetrachloride, and decalin (whose dielectric constants are close 
together) deviate by 18, 13, and 8 c.c. respectively. A hyperbolic relation may thus exist 
between polarisation and dielectric constant. Miiller’s results are also included in Fig. 1, 
but since they were made at 20° they are corrected to 25°. 

If now the line is extrapolated to « = 1, a value of 570 c.c. is obtained, corresponding 
to an electric moment of 5-07. No value for nitrobenzene vapour is available, but it is 
extremely unlikely that such a high value would be obtained by application of the Debye 
equation and the temperature method. 

The recent work of Fairbrother (oc. cit.) shows the same peculiarity. In this case the 
exact form of the relation between , P, and dielectric constant cannot be derived, but 
since the moment even in benzene is larger than Zahn’s value for the vapour, extrapolation 
to « = 1 must give a moment 0-2—0-3 unit greater than the measured value for the gas, 
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viz., 103 (Zahn, Physical Rev., 1924, 4, 400). The fact that the moment (1-02) found in 
ethyl bromide coincides with the gas value is fortuitous. If the measurements had been 
made in chloroform, for example, a moment of about 1-1 would no doubt result. This is 
probably recognised by Fairbrother, although not stated in his paper. 

The , P,-1/e relation tentatively proposed is illustrated in Fig. 2, also for the substances 
chlorobenzene and #-nitroaniline studied by Miiller (loc. cit.; and Physikal. Z., 1933, 34, 
689) at 20°. This worker has put forward the empirical equation ps/uy = 1 — K(eg — 1), 
where pg is the moment in any solvent S, py that of the vapour, and K = 0-038 + 0-002. 
Nitrobenzene has not been studied in the gas phase, but if py is calculated from the results 
here communicated, values of 4:13—4-20 are obtained in the non-polar solvents and 6-69 
in chloroform. However, an empirical rule can also be devised to hold in all the solvents 
studied. This is ys = 4-30 — 0-311 (es — 1). Table II gives the observed and calculated 
moments according to the above rule. The results make it quite clear that the dilute 
solution method does not, in general, measure the absolute electric moment of a polar 
molecule, but merely gives a qualitative indication of its true value. Whether the absolute 
value can be determined from a series of solution measurements is as yet uncertain. 


TABLE II. 


Solvent. ts obs. ft» eale. Solvent. jt, obs. ft» ecale 
INE ssicincbdevencesc’ 4°05 4°02 eee eee 3°93 3°92 
cycloHexane —........ +005 3°97 3°98 Carbon disulphide ...... 3°66 3°79 
BE nai sciiirncmloniiaiceanicc 3°93 3°94 eee 3°17 3°14 


Carbon tetrachloride .. 3°92 


The diminution of what we shall call the apparent electric moment with increasing 
dielectric constant df the solvent will now be considered. The effective (local) field to 
which a molecule is subjected when a macroscopic field E is applied can be shown, on certain 
assumptions, to be éj4.. = E + 4nI/3 (where J is the electrodynamic polarisation vector), 
this being the usual Clausius—Mosotti formula. When this is applied to solutions, the 
solvent is generally assumed to influence the local field only as represented by addition 
of another term of the same type, the total local field now being 


The Debye theory, assuming that the polarisation of the solvent is proportional to its 
concentration, then gives for the total polarisation of the mixture (with the usual notation) : 


—1 f,M 1 
Py = Pify + Pah =i 5 at is 








and 
Pa = (4nN /3)(% + u2/3K7). 


Miiller (loc. cit.) now considers that at molecular distances from the dipoles, in their 
intense electrical fields, electrical saturation is set up in the neighbouring solvent mole- 
cules. The orientation produced by the small applied field is thus less than in the pure 
solvent, and P, should be taken as a smaller value rather than as the value for the pure 
solvent. This explanation is based on Debye and Sack’s interpretation of dielectric 
phenomena in electrolyte solutions. The decrease in the dielectric constant of salt solu- 
tions is explained by the appearance of the saturation effect in the strong electrical field 
of the ion. Miiller on analogous lines has deduced a formula giving the fractional change 
in P, in terms of the reciprocal of the square of the dielectric constant of the solvent and 
some constants. This explanation may be on the right lines but one point must be noted. 
The experimental evidence for the saturation effect in electrolyte solutions is very con- 
flicting owing to the difficulty of measuring the dielectric constants of conducting solutions. 
Experimental work indicates that sometimes dissolved ions raise the dielectric constant. 
Now, any explanation of the phenomenon must also include the relation between , P, 
and 1/e, which holds also in the polar solvent chloroform. The contribution of such 
solvents to the local field in the Clausius—Mosotti equation should not be given by 4z/,/3. 
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Apparently, however, there is no distinction between non-polar and polar solvents, as 
regards the measurements of polarisations. 

It is easy to deduce a formula giving an increase of apparent moment with decreasing 
dielectric constant, but further experimental results are being obtained before this is 
discussed. 

SUMMARY. 

A systematic investigation of the molecular electrical polarisations of nitrobenzene in 
various solvents at 25° has been made. The dilute solution method has been shown not 
to give, in general, the dipole moment of a molecule. 

A relation between polarisation and reciprocal of dielectric constant of solvent has 
been found. Apparently there is no difference between non-polar and polar solvents as 
regards this relation. 

[Note, added March 10th, 1934.] It was of interest to find out whether the polarisations 
of the pure substances, nitrobenzene and chlorobenzene, lay on their corresponding , P,-1/e 
lines. Calculation from the work of Sugden (J., 1933, 768) indicates that chlorobenzene 
obeys the rule right up to the pure liquid, but nitrobenzene does not. Some preliminary 
work by the author also indicates that , P, for chlorobenzene in chloroform falls closely 


on the line. 


I thank Dr. L. E. Sutton, of Magdalen College, Oxford, and Dr. N. V. Sidgwick, F.R.S., 
of Lincoln College, Oxford, for help and for discussing the problems raised. 
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111. The Properties of the Chlorides of Sulphur. Part VII. Changes 
of Density on Heating or Irradiation. 


By A. HERBERT SPONG. 


It has already been shown (Part V; J., 1931, 323) that the density of a mixture having 
the composition of sulphur dichloride undergoes a definite change when the liquid is 
heated at a given temperature for an hour or more and then rapidly cooled. This change 
depends only on the temperature and not on the time of heating, and can therefore be 
used to determine the extent to which the dissociation of the sulphur dichloride varies 
with the temperature. Preliminary observations also indicated the possibility of employ- 
ing changes of density in order to follow the slow re-establishment of equilibrium at the 
lower temperature, in accordance with a method proposed, but not used, by Robinson 
and Smith (J., 1926, 1262). This method has therefore been applied to determine the 
velocity coefficients of the slow reactions which follow the heating and irradiation of both 
the di- and the mono-chloride. 

(I) Sulphur Dichloride——For this chloride, a mixture containing 66-5 atoms % of 
chlorine, and provided with a suitable float, was (i) heated in a sealed tube for one hour 
at 100° and then rapidly cooled to 0°, or (ii) exposed for some hours at room temperature 
to the light of a mercury-vapour lamp and then cooled to 0°. Flotation temperatures 
were then determined until steady values were again obtained. 

Examination of the results showed that the course of the reaction could be repre- 
sented by a first-order equation. Velocity coefficients were calculated directly from the 
observed flotation temperatures, since the relative values of these were more accurate 
than the densities or concentrations deduced from them; for instance, it was possible to 
detect a change of 0-002° in flotation temperature, corresponding to a change of density 
less than 5 x 10, whereas the floats were calibrated with an accuracy of only 10 x 10°. 
The final values were extrapolated arithmetically (in many experiments such values agree 
exactly with the observed readings), and the initial values were obtained from the graph 
of log (T2— 7:) against time, 7. and 7; being the flotation temperatures as extra- 
polated and at time ¢ respectively. The average velocity coefficients were calculated, 
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wherever possible, for the range 50—80% of the change, since Rice, Fryling, and Wesolowski 
(J. Amer. Chem. Soc., 1924, 46, 2405) have shown that errors are least in this region. The 
coefficients thus deduced agree very closely with the values obtained from the slope of the 
graph of log (7. — 7) against time, and are also less affected by small errors in the extra- 
polations of the initial and final values than when results obtained outside that range are 
taken into account. 

The reproducibility of the method was tested by duplicate runs with the same tube. 
The values of k x 10% found were: (i) 2°73 (mean of 18 values ranging from 2-63 to 2-87) ; 
(ii) 2-74 (mean of 19 values ranging from 2-55 to 2-82). ~ The two series of flotation tem- 
peratures are plotted together in Fig. 1, and must obviously be represented by the same 


curve. 
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Re-establishment of equilibrium in sulphur dichloride after displacement by heat showing reproducibility of 
the flotation method of determining reaction velocity. 


The results obtained when equilibrium in the same mixture was displaced by heating, 
by irradiation, and again by heating some days after irradiation, are summarised in the 
table below. 


Comparison of the Effects of Heat Treatment and of Irradiation on Sulphur Dichloride. 


Float 1°65578. 
Flotation temps. 
Treatment. Initial. Final. k x 10°. 


Heated 1 hour ‘ 0°637° 2°74 
Irradiated 5 hours < 0°645 2°86 
Irradiated 5 hours, kept for several 

days, then heated 2 hours — 0°097 0-641 2°81 


The reaction now under examination is represented by the equation S,Cl, + Cl, == 
2SCl,, and would appear to be bimolecular. It has, however, lohg been known that the 
combination of sulphur monochloride with chlorine is autocatalytic (Aten, Z. physikal. 
Chem., 1906, 54, 55), and may therefore be expected to proceed by a complex mechanism. 
The observation here recorded that the change follows a first-order course is thus not 
surprising. 

More important is the discovery that the velocity of reversion after irradiation is 
higher than after displacement by heat. The density to which the mixture reverts is 
also higher. These effects persist for several days and apparently decay gradually. 
They can be explained by supposing that the concentration of Aten’s autocatalyst is 
increased by the action of light on the sulphur monochloride present in the mixture. 
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Evidence of the photochemical decomposition of this compound is given below, but 
indications that irradiation produces a secondary change (which is not brought about 
by heat) may be found in a very small decrease in flotation temperature at the end of the 
irradiation experiments, which was ascribed at the time to experimental error. 


(II) Sulphur Monochloride.—Similar experiments with sulphur monochloride disclosed 
much slower changes. It was therefore possible to follow both the forward and the 
reverse reaction, since the heating and irradiation can be interrupted from time to time 
and the flotation temperature determined without the occurrence of any perceptible 
change in the mixture during the time required to complete an observation. 

(1) The effects of heat. A tube containing sulphur monochloride and a float for measure- 
ments of density at or near 0° was prepared, and the flotation temperature corresponding 
to equilibrium at room temperature measured. The tube was then heated to 100° for 
seven periods totalling 8 hours; after each period of heating it was rapidly cooled to 0°, 
and the new flotation temperature determined. The tube was then kept for 6 weeks 
in a Dewar vessel containing crushed ice, the flotation temperature being read at suitable 
intervals during this period. The results are recorded in Table I (the temperatures being 
those on a Beckmann thermometer, and therefore arbitrary) and the changes are repre- 
sented graphically by Curves I of Figs. 2 and 3. 

The reaction is substantially of the first order. Consecutive reactions appear to be 
taking place, but no complete analysis of the course of the reaction was attempted on 
account of the extreme smallness of the observed changes of density. 


TABLE I, 


(a) The Effect of Heat on Sulphur Monochloride. 
Float 1°71291. 


Duration of heating, hrs. ...... 0 1 2 3 4 5 6°5 8 ee) 
Flotation temp.* 2°836° 2°865° 2°883° 2°892° 2°895° 2°897° 2°898° 2°896° 2°899° 
=— 62 68 73 69 69 69 — -- 


(b) The Re-establishment of Equilibrium at 0° in Sulphur Monochloride after Heat Treatment. 
Time, Flotation Time, Flotation Time, Flotation Time, Flotation 
hrs. temp.* hrs. temp.* hrs. temp.* hrs. temp.* 
0 2°896° 158 2°878° 354 2°854° 615 2°836° 
13 2°905 257 2°866 398 2-850 718 2°825 
61 2°894 305 2-860 446 2°844 815 2-820 
113 2°885 329 2-856 494 2°841 1027 2°820 


* Beckmann thermometer (see above). 


(2) The effects of irradiation. For preliminary and qualitative purposes, redistilled 
sulphur monochloride was irradiated in a water-jacketed tube with the full light from a 
vertical mercury-vapour lamp, reflectors being employed to give very intense illumination. 
After exposure, the liquid was found to have darkened to a reddish-brown or deep red 
colour according to the duration of irradiation. When the tube was removed, and stored 
either in the dark or in diffused daylight, the colour gradually reverted to the original 
yellow. The observations are recorded in Table II. 


TABLE II. 
Colour Changes in Irradiated Sulphur Monochloride. 


Time of 
Expt. exposure, hrs. Colour at end of exposure. Time of reversion. 

1 10 Reddish-brown. Completely reverted in 13 days. 

2 20 Deep red (colour approx. that of Noticeably brown after 3 days; 
mixture containing 60 atoms % completely reverted in 5—6 
of Cl). weeks. 

3 15 Deep red. Slightly brown after 10 weeks. 


For quantitative purposes, the changes of density after definite periods of irradiation 
were determined in the same way as those after heating. The lamp used in the qualitative 
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experiments was placed behind a screen in which a slit was cut, and the intensity of the 
light was varied by altering the distance of the tube from the lamp. The results are set 
out in Table III and represented by Curves II and III of Figs. 2 and 3. 








TABLE III. 
The Effect of Light on Sulphur Monochloride. 


(Displacement and re-establishment of equilibrium.) 


Sulphur monochloride in water-jacketed tube. Float 1°70780. Lamp current, 3°5 amps. 
Terminal voltage, 140 volts. 











(a) Distance of tube from lamp, 3°5 ins. 

















Displacement. Re-establishment. 
Time, Flotation Time, Flotation Time, Flotation Time, Flotation 
hrs. temp. hrs. temp. hrs. temp. hrs. temp. 
0 5°522° 5 5°674° 0 5°648° 108°5 5°497° 
1 5°592 6 5°668 12 5°522 136°5 5°498 
2 5°651 7 5°656 60 5°489 157 5°500 
3 5°663 8 5°648 84 5°493 180 5°501 
4 5°670 90 5°495 228 5-500 











(b) Distance of tube from lamp, 3 ins. 












Displacement. Re-establishment. 

Time, Flotation Time, Flotation Time, Flotation Time, Flotation 
hrs. temp. hrs. temp. . temp. hrs. temp. 

0 5°522° 3°0 5°684° 70 5°697° 0 5°687° 

0°5 5-538 3°5 5-686 8°25 5692 14°5 5°514 
1-0 5°603 4°25 5690 9°5 5°688 33°5 5°496 
1°5 5°636 5°0 5-694 10°75 5°686 79°25 5°501 
2-0 5°660 6:0 5-694 12-0 5°687 128°25 5°499 
2°5 5°680 234°25 5°502 
445°0 5°502 


The changes in density produced in the monochloride by heating and by irradiation 
are similar and can therefore be discussed together. The fall of density after the maximum 
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is reached (see Fig. 2) is, however, much greater in the irradiation experiments than during 
heat treatment, and the course of the reactions by which the equilibrium is restored (see 
Fig. 3) is markedly different in the two cases. 
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The effect of varying the intensity of illumination brings out clearly the existence of 
photostationary states in the dissociation of sulphur monochloride, and it may well be 
that this fact accounts, in part at least, for the irregularity of the results recorded in the 
chemical analysis of sulphur chloride mixtures (J., 1933, 1547). Unfortunately, no 
definite knowledge of the products of dissociation is available, but certain inferences can 
be drawn with the help of the measurements of density described in Part IV of this series 
(J., 1930, 1005). 

The colour produced in the qualitative observations shows that sulphur dichloride is 
one of the final products of the reaction, while the course of the density changes shows 
that the reaction proceeds in at least two stages. The scheme A, suggested in Part VI 
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The re-establishment of equilibrium in sulphur monochloride 


(J., 1933, 1547), satisfies these requirements, but there are also two other possibilities, 
B and C. 


A. (i) 3S,Cl, == $,Cl, + S,Cl,; (ii) SyCl, == $,Cl, + SCI, 
B. (i) 3S,Cl, == 2S,Cl, + Cl,; (ii) S,Cl, + Cl, == 2SCl, 
C. (i) 2S,Cl == S,Cl, + Cl; (ii) S,Cl, + Cl, == 2SCl, 


By extrapolating the results of Part IV (loc. cit.; see also Part V, J., 1931, 323), it is 
possible to obtain approximate estimates of the densities at 0° of S,Cl, (1-7812), S,Cl, 
(1-7551), and SCl, (1-6589), while the densities of S,Cl, and Cl, are given as 1-7106 and 
1-4671 respectively. Calculations from these data show that, the validity of the mixture 
law being assumed, both stages of scheme C result in increases of density, while scheme B 
represents a decrease followed by an increase. Scheme A is thus the most probable of 
the three, since it is compatible with an increase of density followed by a decrease, although 
this increase cannot be proved to be due to the formation of S,Cl,, since no estimate of the 
density of this compound is yet available. 

A fourth possible mechanism (D), viz., (i) 2S,Cl, == S,Cl, + SCl,; (ii) S,Cl, + SCl, == 
S,Cl,, is improbable, since (i) it will not account so satisfactorily as scheme A for the facts 
recorded in Part VI (loc. cit.), and (ii) in the preliminary experiments on irradiation, when 
KK 
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much sulphur dichloride was produced, the rate of reversion to equilibrium was much 
slower than in the quantitative experiments after exposure to less intense light, suggesting 
that the production of dichloride is related with the destruction of a catalyst by the light, 
and the most probable catalyst is S,Cl, on account of its polar character. Direct evidence 
of the catalytic activity of S,Cl, will be given in a later paper. 

The difference between the effects of heating and irradiation can be most satisfactorily 
accounted for by the hypothesis that at 100° the decomposition of S,Cl, is much more 
rapid than it is in the illuminated mixture at lower temperatures. This would account 
both for the smallness of the decrease of density after the maximum in Curve I of Fig. 2 
and also for the slow re-establishment of equilibrium at 0°, corresponding to a small con- 
centration of catalyst. The small rise in density after cooling to 0° is also in agreement 
with this view, since it represents the production, by the reversal of A (ii), of a small amount 
of S,Cl, necessary to catalyse the dissociation of the dichloride. 

The actual mechanism of the changes must, however, be still more complex, since the 
thermal reaction has been shown to be of the first order and the photochemical reaction 
shows a short induction period. Some such scheme as the following therefore appears to 
be necessary, reaction (1) being slower than (2) and hence characterising the rate. 


(1) $,Cl, —>SCl, + $ (3) S,Cl, + S—>S,Clp 
(2) S,Cl, + SCl, —>$,Cl, (4) SsCl, —>S,Cl, + SC, 


It might be thought that the production of sulphur dichloride was satisfactorily explained 
by reaction (1) above, but since there is reason to believe that sulphur atoms are incapable 
of free existence in solution, this must be followed either by reaction (3) of this scheme or 
br 25—->S,. The former alternative is kinetically the more probable, and moreover, it 
has been shown in Part IV (loc. cit.) that molecular sulphur combines with the mono- 
chloride on heating. Reactions (1) and (3) together reduce to stage (i) of scheme D which 
has already been rejected, and it appears to be impossible to account both for the results 
here recorded and for the apparent presence of free chlorine in normal sulphur mono- 
chloride (Part VI, Joc. cit.) without postulating the formation at some stage of the dis- 
sociation process of S,Cl,, which can be isolated by freezing mixtures of suitable com- 
position (Part I; J., 1927, 746). 


The Structure of Sulphur Monochloride. 


Measurements of the Raman spectra of various sulphur compounds, including the 
monochloride, were made by Matossi and Aderhold (Z. Physik, 1931, 68, 683; see also 
Meyer, Z. anorg. Chem., 1931, 203, 146), and the formula (I) deduced therefrom. This is 


ge wl oc _é_Cl epee 
i. on II. ieee II. 
.) § at) § an) Pe 
improbable, since it involves a 10-electron shell round the central atom of sulphur, and 
for this reason formula (II) with a semipolar double bond is to be preferred. Matossi and 
Aderhold found, however, that the restoring force at mean amplitude for the vibration of 
the two sulphur atoms was 2-4 times that for the sulphur-chlorine linkage, and cited this 
as evidence in favour of formula (I), since Dadieu and Kohlrausch (Ber., 1930, 63, 251) 
had concluded that this property should have approximately double the value in a double 
bond that it has in a single link, and further, that the semipolar double bond behaves as a 
single linkage in this respect. This Y-shaped structure is not in conformity with views 
which have been held in this laboratory for some years (e.g., see J., 1930, 782) and it has 
therefore been thought desirable to review the whole of the available evidence. 

1. The Parachor.—The parachor of sulphur monochloride is given by Sugden (J., 1925, 
127, 1525) as 205-1, by Mumford and Phillips (J., 1929, 2112) as 204-3, and by Lowry and 
Jessop (J., 1930, 1005) as 205-5. The calculated values for the three formule according 
to Sugden’s system of parachor equivalents (“ The Parachor and Valency,” London, 1930) 
are (I) 228-2, or if allowance is made for covalency increase (Sidgwick and Bayliss, J., 
1930, 2027) 202-6; (II) 203-4; (III) 205-0; the values according to the Mumford and 
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Phillips system (loc. cit.) are (I) 223-0, (II) 204-0, (III) 210-0. Formula (I) thus appears 
to be completely inadmissible, but it is not easy to decide between (II) and (III), though 
the balance of evidence is perhaps slightly in favour of the latter. 

2. Dielectric Properties—The dielectric constants of sulphur chloride mixtures were 
measured at various tempegatures by Lowry and Jessop (J., 1930, 782), but under condi- 
tions which did not admit of accurate evaluation of the dipole moments of the compounds. 
Nevertheless, approximate values can be calculated, and such calculations were, in fact, 
made by Dr. Jessop but not published on account of their uncertainty. The results are 
for SCl, u = 0-55 and for S,Cl, u = 0-78 (in terms of 107 e.s.u.). 

Now if sulphur monochloride has the structure (I), its moment should differ only slightly 
from that of the dichloride, while if it has the structure (II), which will be pyramidal, the 
positively charged sulphur atom being at the apex, its moment should be comparable 
with or possibly greater than the value 1-38 for thionyl chloride (Smith, Proc. Roy. Soc., 


1932, A, 138, 154) since the group moment of >S—S would be expected to be of the same 


order as, or possibly greater than, that of >S—O. The structure (III), since the molecule 
must be capable of free rotation about the sulphur-sulphur linkage, would have a smaller 
moment than the cis-form represented above. If we assume that the sulphur valency 
angle is 90°, the moment of this cis-form is seen to be 4/2 x ugg), = 0°78. 

It thus appears that the observed moment is too high to be explained by formula (IIT) 
and too low for (II), but in view of the uncertainty attaching to the experimental value, 
further mathematical analysis is scarcely warranted. It does appear justifiable, however, 
to suggest that normal sulphur monochloride actually contains a mixture of the forms 
(II) and (III). It is of interest that evidence has recently been obtained of a somewhat 
similar isomerism in hydrogen peroxide (Geib and Harteck, Ber., 1932, 65, 1551). 

The difficulty of reconciling this view with the results of Matossi and Aderhold (loc. cit.) 
disappears when the photo-decomposition of sulphur monochloride is taken into account. 
It is true that these authors made use of a Zeiss ‘‘ Monochromator Filter B,” but since 
they record Raman lines excited by the mercury lines at 5769 A.U. and 5790 A.U., which 
[according to the specification supplied by Messrs. Carl Zeiss (London) Ltd.] are trans- 
mitted by the filter with about the same intensity as the lines at 4077 A.U. and 4047 A.U. 
(which are almost certainly chemically active), it seems probable that their monochloride 
underwent some decomposition during the exposure, and in view of the complexity of the 
resulting mixture, a correct assignment of vibrations is extremely difficult. 

It is quite possible, however, that the structure (II) corresponds to a higher energy 
state than (III) and may therefore be one of the first products of heating or irradiating 
sulphur monochloride. The isomeric change (III) (II) may thus represent the uni- 
molecular change which governs the rate of the thermal reaction and also the change 
which takes place during the photochemical induction period. The Y-shaped molecule 
on account of its semipolar linkage, would be expected to be more reactive than the simple 
chain. 

EXPERIMENTAL. 

The preparation and calibration of the floats, and the preparation and sealing up of the 
mixtures have already been described (J., 1930, 1005). The equilibrium in the mixture was 
displaced either by heating for one hour at 100°, the tube being placed axially in a brass cylinder 
through which steam was blown under slight pressure, or by irradiation by the light of a mercury- 
vapour lamp, the tube being surrounded by a water jacket to prevent heating. After being 
cooled as rapidly as possible to the temperature of reaction, the tube was clamped upright in 
an observation bath consisting of a large cylindrical glass jar, fitted with a constant-level 
siphon and lagged with felt, of which a small panel was removed to form an observation window. 
When the temperatures to be observed were in the neighbourhood of 0°, a well-stirred bath 
of saturated brine was cooled by adding small pieces of ice or warmed by running in brine 
which had been pre-cooled to a temperature a little above that of the bath itself by passing 
through a coil immersed in ice and water. For temperatures above 10°, control was effected 
by varying the velocities of two streams of water, one a little cooler and the other slightly 
warmer than the bath itself. The temperatures were observed by means of Beckmann thermo- 








492 Spong: The Properties of the Chlorides of Sulphur. Part VII. 


meters which were standardised from time to time, either by comparison with a standard 
thermometer or by immersion in pure ice and water. In order to avoid changes due to con- 
traction or expansion of the bulbs, the thermometers were kept in Dewar vessels packed with 
ice or filled with water at a temperature as near as possible to that at which they were to be 
used, 

When the tube was placed in the bath, the temperature was slowly lowered until the float 
just commenced to rise, and then raised gently so that the float rose to a position near the 
middle of the tube before beginning to sink. As soon as sinking was observed, the bath was 
again cooled, and the position of the float marked by an adjustable wire pointer outside the 
tube. These movements were continued until, after a few minutes, they could be limited to 
a few mm. in either direction. The time and temperature were then read at each change of 
direction and temperatures of rise and fall differing by as little as 0-006° have often been 
observed. 

The static method of determining flotation temperatures was rendered impracticable by the 
fact that during the earlier stages of a reaction, when the density was changing rapidly, it was 
not possible to maintain the float in a stationary condition for long enough to ensure accuracy ; 
moreover, the dynamic method has been commended by Robinson and Smith (/oc. cit.), Richards 
and Shipley (J. Amer. Chem. Soc., 1914, 36, 1), and Richards and Harris (ibid., 1916, 38, 1000). 

The averages of consecutive times and temperatures were calculated and these were then 
grouped and again averaged in order further to reduce the probable error. In the later stages 
of a reaction, when successive temperatures of rising and falling were often unchanged, the 
reaction tube was kept at constant temperature and only placed in the observation bath when 
readings were actually required. 

Robinson and Smith and Richards and Harris (/occ. cit.) found that vibration of the liquids 
caused the floats to acquire an electric charge, in consequence of which they adhered to the 
walls of the tubes. A somewhat similar but less pronounced effect was noticed in the present 
work, especially when the liquids were contained in narrow tubes. The adhesion of the float 
to the wall was usually disclosed by an abnormally large difference between the temperatures 
of rising and falling, but it has undoubtedly led to the recording of some incorrect flotation 
temperatures, 


SUMMARY. 


1. A method of determining the velocity of reactions taking place in liquids in sealed 
tubes has been developed from measurements of density by means of floats. 

2. When the dissociation equilibrium of sulphur dichloride is displaced either by heat 
or by exposure to light, the re-establishment of equilibrium at low temperature is a first- 


order reaction. 
3. This reaction proceeds more rapidly after irradiation than after heat treatment, 


probably as a result of the production of a catalyst by the action of light. 

4. When sulphur monochloride is heated or exposed to light, the density first rises 
and then falls, the fall being greater on irradiation than on heating. 

5. Sulphur dichloride is shown by colour changes to be one of the final products of the 
dissociation of the monochloride during the exposure to light. 

6. The existence of photostationary states is observed 

7. The most probable mechanism of the reactions of the monochloride is : 


(i) 3S,Cl, == S,Cl, + S,Cl,; (ii) SgCly == SCl, + SCl,. 
8. Normal sulphur monochloride is shown to be probably a mixture of a Y-shaped 
form with a chain form. : 
Grateful acknowledgment is made to Professor T. M. Lowry, C.B.E., F.R.S., for his helpful 
advice and criticism. 
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112. Separation of the Isotopes of Hydrogen by the Chemical Decomposi- 
tion of Water, and some Remarks on the Mechanisms underlying 
the Reducing Action of Dissolving Metals. 


By Epwarp D. HuGHEs, CHRISTOPHER K. INGOLD, and CHRISTOPHER L. WILSON. 


WHILST engaged in concentrating the new isotope of hydrogen for use as an isotopic in- 
dicator in the study of the mechanism of organic reactions, it occurred to us that the 
material which had resulted from the earlier stages of the electrolytic fractionation of water 
by Lewis and Macdonald’s method (J. Chem. Physics, 1933, 1, 341) could be used for the 
investigation of a problem connected with the reducing action of dissolving metals. 

A metal is regarded as an electron quasi-gas, subject to leakage through the potential 
wall in its surface. For a system in equilibrium the escaping tendency of the electrons, 
which must depend inter alia on the lattice energy of the metal and the potential function 
at the interface, is measured by the reversible electrode potential. In reduction, however, 
the situation is more complicated, partly because the escape of the reducing electron 
must be aided by the potential field of the molecule undergoing reduction, and partly 
because the escaping electron is chemically employed in advance of the establishment of 
any statistical equilibrium. It follows that the energy of the reducing electron originating 
in any given metal must depend on the substance being reduced, and that the problem 
of assessing that energy is essentially kinetic in character. 

For the case in which the reduced substance is either the oxonium ion or the water 
molecule, it seemed that some evidence concerning the energies of the reducing electrons 
of different metals might be obtained from observations of the difference of the speeds 
with which they attack the two hydrogen isotopes when present in these molecules. From 
this point of view we may disregard the different molecular species present in any given 
sample of aqueous acid or of water, and consider the whole system as a reservoir of two 
reactive bonds, namely the O-H! bond and the O-H? bond. The known physical pro- 
perties of heavy water show that in similar states of combination with oxygen the two 
hydrogen isotopes occupy nearly the same volume and exert nearly the same external 
electric field. It follows that statistical factors should lead to no considerable discrimin- 
ation between the isotopes, and that the relative frequencies with which the O-H! and 
O-H? bonds are presented for attack should be almost identical with the relative propor- 
tions in which they are present. On the other hand, it seems clear from the results of the 
electrolytic fractionation of water that the energies of rupture of the O-H! and O-H? 
bonds differ considerably from each other; and Polanyi has explained how this difference 
could arise as a consequence of the existence of zero-point energy, and also on account 
of “ tunnelling ”’ by particles of pronounced wave-nature (Cremer and Polanyi, Z. physikal. 
Chem., 1932, 19, 443; Polanyi, Nature, 1934, 133, 26). It follows that, although electrons 
of sufficiently high energy should show no marked discrimination, electrons of lower 
energy would preferentially attack the more vulnerable linking, and, for any normal kind 
of energy-distribution between the reducing electrons, a decrease in the average energy 
should lead to an increase in the selectivity. 

The general method of the experiments now recorded was to dissolve the metal or other 
reagent in a known amount of water, aqueous acid or aqueous alkali, of known diplogen 
content, and to measure the quantities in which the two isotopes become discharged by 
burning the evolved hydrogen * and observing the volume and isotopic composition of 
the water thus formed. In some cases the diplogen content of the residual solution was 
also determined, but only as a rough check, since isotopic analysis of the discharged gas 
gives a more accurate measure of the effect under investigation. 


* As Urey, Brickwedde, and Murphy have already urged (Nature, 1934, 188, 173), it seems highly 
desirable that the ordinary names of elements and compounds (e.g., hydrogen, water, acetylene, and 
methane) should be taken to include aii isotopic forms: haplogen and diplogen are both hydrogen ; 
and, logically, the haplon and the diplon are both protons. 
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Results.—These are summarised in Table I, and the following notes are added in 
amplification of the tabulated particulars. 


TABLE I. 
Concn., acid Combustion water. 
Initial or alkali. 
Initial composi- ——~——, Composi- 
Expt. Re- vol., tion (H* Initial Final Approx. Vol., tion (H* 
No. agent. Impurities in reagent, wt. %. Aqueous medium. c.c. atoms%). (N). (N). temp. c.c. atoms%). a. 


Series I. Pure or nearly pure elements. 
Li H,0 —> aq. LiOH 75 2-42 

” H,O + H,SO, 91 
Na H,O —> aq. NaOH 125 
” H,O —> aq. NaOH 100 
” H,O—>aq. NaHCO, 100 
i H,O + H,SO, 211 
K H,O —> aq. KOH 100 
%» H,O —> aq. KOH 75 
Mg H,0 + H,SO, 121 
” H,O + H,SO, 121 
Ca H,O —> aq. Ca(OH), 100 

a H,0 + H,SO, 
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Series II. Impure elements. 
24 Pb, 1-0; C, 0-1% 
25 Zn, 5-8; Cu, 5-8; Si, 0-7% 
26 ” ” ” 
27 «=Si = Fe, 6-0%; traces Al, Ca and C 
28 Fe, 25%; traces Mn,SiandC H,O0-+ H,SO, 
29 Fe, 2-5; Si, 1-2; Al, 05%; H,O-+ H,SO, 
trace C 
30 ‘ C, 4-8; Mn, 1-5; Si, 1-0; P, H,O+ H,SO, 
10% 
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Series III. Couples. 

Zn + Cu, 3% H,0O + H,SO, 

» © H,O + H,SO, 

” H,O + H,SO, 

” H,O + H,SO, 

” H,O + H,SO, 

e9 H,O + H,SO, 

i H,O + H,SO, 
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Series IV. Amalgams. 
88 Na-Hg 3-0% Na H,O —> aq. NaOH 
39 » 99 9° H,O + H,SO, 


Series V. Compounds. 
40 CaH, (Note: H, equally from H,O—>aq.Ca(OH), 7 2-42 ‘0 satur- 40 . 1-12 
CaH, and H,0) ated on sini 


burnt) H,O + H,SO, 91 220 2 00 90 1-11 


0-768 
0-640 
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41 CaC, (Note: Gis burnt) H,O — aq. Ca(OH), 75 2-42 
‘ 


42 Al,C, (Note: C 
Col. 2 indicates the reagent. The elements of Series I, all of which are metals except 
silicon, were employed in the purest forms in which we could obtain them, except zinc 
(expts. 14 and 15). The difficulty here was that pure zinc is insoluble in dilute sulphuric 
acid, even in the presence of chloride ions, and we were forced therefore to use a sample 
which still contained a very small trace of carbon. The pure aluminium and cerium also 
were insoluble in dilute sulphuric acid, but in these cases the addjtion of a small amount 
of sodium chloride brought about dissolution (expts. 17 and 18). The compositions of 
the impure metals of Series II are shown in col. 3. The silicon-iron and chromium-iron 
alloys (expts. 27 and 28) were commercial specimens, and the sample of iron (expt. 30) 
was ordinary cast-iron, about half the carbon which it contained being in the combined 
form. The couples of Series III were prepared from pure zinc. Copper (expts. 31—34) 
was deposited by the addition of anhydrous copper sulphate to the dilute sulphuric acid 
employed to dissolve the zinc, the addition being repeated from time to time during the 
progress of the dissolution. The total amount of copper thus added is expressed in the 
table as parts by weight per cent. parts of zinc. The copper tended to become detached 
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from the zinc during solution, so that, despite the distributed addition of the copper, the 
couple tended to lose its efficacy; only in the case in which 50% of copper was added, 
when the solution remained blue throughout the whole time of the reaction, can it be 
assumed that the zinc was always effectively coupled (expt. 34). The other metallic 
couples (expts. 35—37) were more coherent; silver was deposited from silver sulphate, 
gold from sodium aurichloride, and nickel from nickel oxide. The amalgams of Series IV 
(expts. 38 and 39) were prepared from distilled mercury. The hydride and carbides of 
Series V (expts. 40—42) were commercial specimens. 

The solvent media employed are indicated in col. 4. Thus, in expt. 1, lithium was 
added to water, so that the medium, originally neutral, was alkaline throughout the process 
of solution; in expt. 2, the metal was added to dilute sulphuric acid present in excess; 
and in expt. 5, sodium was added to water, whilst an excess of carbon dioxide was passed 
through the solution during the period of the reaction. For the heavy metals, the solvent 
most frequently employed was dilute sulphuric acid, but, as indicated above, it was 
necessary to introduce a small amount of sodium chloride in order to secure solution of 
the pure aluminium and cerium (expts. 17 and 18); and the effect of the addition of a large 
amount of sodium chloride was examined in the case of zinc (expt. 15). Aqueous sodium 
hydroxide was also employed in certain instances, notably for the solution of aluminium 
and silicon (expts. 16, 19, 25 and 27). 

Cols. 5 and 6 record respectively the initial volume of the aqueous solution and its 
initial isotopic composition, the latter value being expressed in atoms of diplogen per cent. 
atoms of hydrogen (7.e., haplogen plus diplogen). The water employed for these experi- 
ments contained 2-37 or 2-42 atoms % of diplogen, but as any initially added sulphuric 
acid or sodium hydroxide contained much haplogen but very little diplogen, the initial 
diplogen content of the various aqueous solutions employed was somewhat smaller than 
that of the water used in their preparation. Cols. 7 and 8 indicate the initial and the 
final values of the acidity or alkalinity of the medium, any change of volume being neglected 
in the calculation of the final value. The reaction of the medium was never allowed to 
change from acid to alkaline during a single experiment, and the initial and the final 
figures for any one experiment therefore refer always to the same reaction, acidity or 
alkalinity, as the case may be. It was not found possible accurately to control the tem- 
perature, and the values recorded in col. 9 are therefore only approximate. 

Cols. 10 and 11 contain respectively the volume and the isotopic composition of the 
samples of water which were obtained by burning the evolved hydrogen, or, in expts. 41 
and 42, the acetylene or the methane (see footnote, p. 493). In col. 11 the second place 
of decimals is accurate, but the third, where a third is recorded, is subject to an error of 
several units. All isotopic compositions were obtained by comparison of the densities 
of the water samples with the density of ordinary water, the error of the measurement 
being about + 2 parts per million. For the calculation of the composition from these 
relative densities, it is necessary to know the diplogen content of ordinary water, and for 
this purpose we have adopted Lewis and Macdonald’s value 0-015% (loc. cit.), as we have 
not yet made an accurate isotopic analysis of London water. 

The last column of the table contains the calculated values of the isotopic separation 
coefficient «. This is defined in the manner analogous to that used by Lewis and Mac- 
donald (loc. cit.) in connexion with the electrolytic fractionation of water. If , and m, 
are the number of atoms of haplogen and diplogen respectively which are present in the 
solution at any moment during the reaction in which hydrogen is being discharged, then, 
for an infinitesimal discharge, (dn, /n,) = «(dn/ng), so that, for a finite discharge of hydrogen, 
log (n,’/n,"’) = « log (n_'/n_'’). As the proportion of water decomposed was usually 
small (of the order of 5% in most of the expts.), the question whether « would in all cases 
remain constant- throughout a completed decomposition of water scarcely arises: the 
coefficient could in any event be regarded as a ratio of initial specific velocities. 


DISCUSSION. . 
A selection of the above results, including those relating to sodium, has already been 
recorded (Nature, 1934, 133, 291). Two notes, one by Davis and Johnston (J. Amer. 
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Chem. Soc., 1934, 56, 492) and the other by Horiuti and Szabo (Naiure, 1934, 133, 227), 
each reporting experiments on the decomposition of water by sodium, appeared too late 
to permit reference in our preliminary publication. The results of these experiments are 
in accord with ours. Davis and Johnston give « as 2-5, but the concentrations of diplogen 
employed by them were so low that the calculated result is sensitive to the assumed value 
for the diplogen content of ordinary water; within the limits of this uncertainty their 
value is identical with our 2-8. They, like ourselves, decomposed only a small proportion 
of the water, but Horiuti and Szabo converted their water completely into sodium hydroxide 
and hydrogen, and their results therefore constitute a strong indication that the separation 
coefficient, «, remains nearly constant during the progress of decomposition. 

A comparison of the results of duplicate experiments such as nos. 3 and 4, 7 and 8, 
and 12 and 13, shows that the values obtained for the separation coefficient are closely 
reproducible. Expts. 9 and 10 indicate that, within the range of the observation, the effect 
of temperature on the separation coefficient is small in comparison with the effects which 
remain to be considered. It is, of course, consistent that the experiment at the lower 
temperature should yield a slightly higher degree of separation; it appears, nevertheless, 
that the coefficients, «, may be regarded as nearly constant characteristics of the reagents 
and the media. 

Reference to the results of the experiments of Series II, III and IV shows that the 
presence of impurities in the reagent has a large effect on the separation coefficient. This 
is to be expected, since the impurities will form with the principal metal either alloys or 
couples or both, and in any event the hydrogen is likely to be liberated to a large extent 
at the surface of the impurities. The main exception is silicon (expts. 19 and 27); but this 
is an electrical non-conductor, and its dissolution proceeds, no doubt, without marked 
electrical interchange between the element itself and its impurities. 

The results of the expts. of Series I may now be considered in further detail. If we 
start from the view that decompositions are essentially electrochemical, selectivity depend- 
ing on the energy of the escaping electron as suggested at the outset, there are two electrical 
potential series with which we might endeavour to connect the separation coefficients, in 
spite of the irreversible character of the processes to which the latter refer. In the first row 
of Table II the metals are arranged in the order of their single electrode potentials; in 
the second row, they are placed in order of their photo-electric potentials; the two series 
agree. The lower lines of the table contain the separation coefficients which are adopted 
on the basis of the experiments of Series I; the reason for the distribution of these values 
in three rows is indicated later. 


TABLE II. 
Single electrode potentials ......... K Na — Ca Mg Al Mn Zn Cr Fe Co — 
Photo-electric potentials ............ K Na Li Ca — AI — Zn — Fe — — 
CR) EEEIOO]  nccccscncccscccsscoscescnts —_ — — 13 21 40 S51 56 45 4341 — 
CB) ERO) cxecerccocccsncssccccescesects 9 386 16 — Se — — _. ,: 8 
CC) GERI O cc rcrcccccccccccsessadeseeses _—- —_— — — — 4°3 _ on anes ae i” ia 


First, considering the data as a whole, it is seen that the coefficients follow the trend 
of the two potential series in the middle section of the table, that is, from calcium to zinc 
inclusive; but to the left of calcium, and to the right of zinc, the correspondence fails. 
In the region of agreement the variation of the figures is in the expected direction, the 
metal from which electrons escape most readily showing the.smallest discrimination 
between haplogen and diplogen. The first of the two anomalies relates to the alkali metals 
potassium, sodium and lithium, for which the separation coefficients are higher than 
might have been expected, and are notably irregular; the second anomaly concerns the 
transition metals chromium, iron and cobalt, the separation coefficients for which, instead 
of continuing to increase above the value for zinc, progressively diminish. 

The most probable explanation of the anomaly of the alkali metals would appear to 
be that suggested to us by Professor Polanyi, namely, that reduction by these metals does 
not proceed by the electrochemical mechanism already indicated, but depends on the 
attachment of water molecules ¢hrough their oxygen atoms to the metallic surface, and the 
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subsequent elimination of hydrogen from two bound molecules, in accordance with the 
mechanism advanced by Horiuti and Szabo (loc. cit.). This idea receives support from 
a number of sources, for Instance, from the special position of the alkali metals in reference 
to the formation of ketyls, the production of which evidently depends on the affinity of 
the metal for combined oxygen. Our results contain a further indication in the same 
direction; for, whereas other metals, such as calcium and aluminium, which decompose 
both acid and alkaline aqueous solutions, give different separation coefficients in the two 
cases, the coefficients relating to the alkali metals are substantially independent of the 
reaction of the medium. The conclusions which we would draw are as follows. In an 
example such as zinc, which is soluble only in acid solution, reduction can scarcely be re- 
garded otherwise than as electrochemical: it results from the attack of the electron on 
the positive ion. For metals such as calcium and aluminium, which are soluble both in 
acid and in alkaline media with different separation coefficients, the difference may be 
taken to indicate that the hydrogen ion when present in quantity is the entity attacked, 
although when it is absent the reaction proceeds either with water or with hydroxide ions. 
Correspondingly, the identity of the separation coefficients exhibited by sodium and by 
lithium in reactions with acidic and alkaline solutions strongly suggests that, whether 
hydrogen ions are present or not, the entity decomposed is always the water molecule. 
This would be scarcely comprehensible, were the attack initiated by the metallic electron; 
for an electron which demonstrably could distinguish between a haplogen bond and a 
diplogen bond would be expected overwhelmingly to prefer an oxonium ion to a water 
molecule. 

A simple extension of the same argument shows that the reactions of aluminium and 
of silicon with alkalis are probably initiated by the attack, not of water molecules, but of 
hydroxide ions, which likewise become bound through their oxygen atoms to the surface 
of the element, and by thus filling up its valency electron-shell determine the eventual 
liberation of aluminate or silicate ions. 

The reasons underlying the classification of separation coefficients, which is adopted 
in the construction of Table II, will now be clear: each of the series designated (A), (B) 
and (C) corresponds to a different mechanism. The first represents electron—proton 
interaction, and the second and third two different forms of surface-oxidation. Only 
the separation coefficients of series (A) are regarded as essentially of electrochemical 
significance, and as subject to a minimum of disturbance from more specifically chemical 
affinities. 

The explanation which we suggest for the anomaly of the transition metals is that the 
liberation of hydrogen at the surface of these elements is complicated by catalysis of the 
hydrogen—water exchange. Chromium, iron and cobalt are known to be catalysts for 
hydrogenation processes, and we imagine that, if the transition series could have been 
extended to palladium and platinum, the separation coefficients would have further de- 
creased to values more closely approximating to that which corresponds to an equilibrium 
in the partition of diplogen between molecular hydrogen and water. 

A similar anomaly is apparent in the separation coefficients of the zinc—metal couples 
of series III. The order of increasing electrode potential differences is Ni, Cu, Ag, Au, 
and the corresponding separation coefficients are respectively 5-9, 8-0, 5-6, 4-5. For the 
last three members of this series, the separation coefficients regularly decrease, but nickel 
might have been expected to give a higher value than copper, and the circumstance that 
it does not may once again be attributed to catalysis of the hydrogen—water exchange. 

The separation coefficients for sodium amalgam (series IV) seem to indicate that this 
material acts partly electrochemically as a molecular sodium-mercury couple, and partly 
by the surface-oxidation mechanism of sodium itself. The former process should be 
favoured by acidification of the medium and by dilution of the amalgam, and the manner 
in which the separation coefficients should change with these conditions can easily be 
deduced. 

With regard to the experiments of series V, it is possibly questionable whether the 
hydrogen of the calcium hydride (expt. 40) is directly liberated, or whether it is first passed 
in the form of protons (see footnote, p.-493) to the oxygen atoms of the water. Having 
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regard to the known ionic constitution of lithium hydride, we have taken the view that the 
hydrogen separates from the calcium in the form of hydride anions, which then decompose 
the water electrochemically; and, as is indicated by the note in cdl. 3 of Table I, we have 
calculated the separation coefficient on that assumption. The result seems to correspond 
to the great instability which would be expected to characterise the binding of the electrons 
in the hydride anion. Concerning the experiments of the generation of hydrocarbons, it 
may be noted that, since acetylene is ionisable in certain circumstances, there is some 
probability that the separation coefficient relating to the formation of this substance 
may have been affected by the incursion of an acetylene—water exchange. 

Finally, we may again refer to the three hypothetical mechanisms (A), (B) and (C) 
in order to suggest that, although our experiments have direct reference only to the re- 
duction of water, these mechanisms are typical of possible mechanisms for the reduction 
by metals of oxygen and halogen compounds generally. For example, no one mechanism 
can be thought to cover two such different processes as the reduction of a ketone by Clem- 
mensen’s method and its reduction to a pinacol by the direct action of magnesium-amalgam 
or sodium : evidently the first process is determined by electronic attack, and the second 
by a metal-oxygen union. 


EXPERIMENTAL. 


The reagents were added as gradually as was necessary to the measured volume of water, 
aqueous acid, or aqueous alkali, through a tube which dipped under the surface of the liquid, 
the atmosphere initially present being air, or, in the case of easily oxidisable reagents, nitrogen. 
The reactions of the alkali metals were further moderated by the addition of a layer of high- 
boiling ligroin, which caused these metals to float mainly in the hydrocarbon and to dip only 
slightly into the aqueous layer. The evolved hydrogen, after passage through an efficient 
reflux condenser and a tube cooled in liquid air, was usually directly burnt on red-hot copper 
oxide, although in expts. nos. 3 and 5 it was first collected in an aspirator over paraffin, and 
subsequently burnt with a small excess of oxygen from a cylinder; in this process the gases 
were introduced through separate nozzles into a copper Liebig’s condenser, containing a white- 
hot platinum filament. In expts. 41 and 42, in which the evolved gas was not hydrogen but 
acetylene or methane, the liquid-air bath was replaced by a bath of solid carbon dioxide and 
acetone, the combustion being carried out on copper oxide exactly as in the case of hydrogen. 

The samples of water obtained by combustion were carefully distilled and out-gassed, and 
their densities were measured pyknometrically in collaboration with Mr. J. N. E. Day. The 
pyknometers, which were of 1 to 3 c.c. capacity, were made in pairs, identical in form and size, 
and from the same sample of glass, one of each pair being filled with water and sealed at both 
ends for use as a counterpoise. They were of the ordinary U-form with two very fine-drawn 
capillary tubes, one having a tip and the other bearing a scratch. No caps were used, as the 
loss in weight, due to evaporation from the capillary tubes during the period required for the 
measurement, was too small to be detected on a microbalance, provided that, immediately 
after setting, the water meniscus was drawn back from the tip into the lower part of the cor- 
responding capillary tube. After setting at 25° in a thermostat, the temperature of which 
remained constant throughout the whole period of the measurements to well within 0-01°, the 
pyknometer was at once transferred to a bath of water at room temperature, and a rubber 
pad was pressed against the end of the capillary tube with the scratch in order to cause recession 
of the meniscus in the other capillary tube during cooling. The final preparations for weighing 
were carried out with the precautions usual in micro-analytical work, the counterpoise, after 
immersion in the same baths as the pyknometer, being treated in an identical way. All densities 
were determined relatively to that of permanganate-treated, distilled; and out-gassed London 
water. 


We have to thank Mr. J. N. E. Day for assistance with the measurements. 


UNIVERSITY COLLEGE, LONDON. [Received, March 21st, 1934.] 
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Fourth Report of the Committee on Atomic Weights of the 
International Union of Chemistry. 


THE following report of the Committee covers the twelve-month period, September 30, 
1932, to September 30, 1933.* 

In view of the fact that a Committee on Atoms of the International Union has been 
established, developments in the field of isotopes are now and hereafter will be reported 
only where they may be of influence on the table of atomic weights. 

Changes in the table of atomic weights have been made in the following cases : 


1933. 1934. 1933. 1934. 
39°10 39°096 Tellurium 127°5 127°61 
74°93 74°91 Cesium 132-81 132-91 
79°2 78°96 Ytterbium 173°5 173°04 

114°76 Osmium 191°5 


CARBON.—Woodhead and Whytlaw Gray (J., 1933, 846) have compared the densities 
of oxygen and carbon monoxide with an improved form of micro-displacement balance. 
Oxygen was prepared from potassium permanganate and potassium chlorate, carbon 
monoxide from formic acid and potassium ferrocyanide. Both gases were thoroughly 
dried and fractionally distilled. The corrected ratios of balancing pressures were found as 
follows : 

Approximate pressures. 
Temp. O,. co. Ratio. 
0° 382°8 437°2 0°87516 
19°8 181-9 207°8 0°87523 


19°8 361°9 413°5 0°87514 
572°3 654-0 0°87500 


From the last three ratios the limiting value is found by linear extrapolation against 
the pressure, while from that of Series I a limiting value is found with the use of the ratio 
(PV) 9/(PV), for oxygen (1-00094) and carbon monoxide (1-00048). 


Series. Series. 
II and III 0°87533 III and IV 0°87537 
II and IV 0°87534 0°87534 


The average molecular weight of carbon monoxide calculated from the ratios is 28-011 
and the atomic weight of carbon 12-011. 

This value shows, again, that the atomic weight of carbon is higher than the value 
12-00 entered in the table. If one assumes with Tate, Smith, and Vaughan (Physical 
Rev., 1933, 48, 1054) and also with Jenkins and Ornstein (Proc. K. Akad. Wetensch. 
Amsterdam, 1933, 35, 1212) a 1 per cent. participation of C!*, there results, considering 
the packing fraction + 3 x 10“, estimated by Aston, likewise the value 12-011. To be 
sure, the value 12-0054 determined by Cooper and Maass (IJ. Internat. Rep., p. 4) from the 
density of CO,, and the value 12-006 determined by Moles and Salazar (III. Internat. 
Rep., p. 3) from the density of CO, are somewhat lower, and it would therefore be advisable 
to refrain from making a correction in the table until new confirmations have been obtained 


(see Cawood and Patterson, p. 511). 
NITROGEN.—Moles and Batuecas (Anales Soc. Espan. Fis. Quim., 1932, 30, 876) correct 


* Authors of papers bearing on the subject are requested to send copies to each of the five members 
of the Committee at the earliest possible moment. 

Prof. G. P. Baxter, Coolidge Laboratory, Harvard University, Cambridge, Mass., U.S.A.; Mme. 
P. Curie, Professeur 4 la Sorbonne, Institut du Radium, 11, rue Pierre-Curie, Paris (5¢), France; Prof. 
O. Hénigschmid, Sofienstrasse 9, Munich, Germany; Prof. P. Lebeau, Faculté de Pharmacie, 4, 
Avenue de l’Observatorie, Paris (6*), France; Prof. R. J. Meyer, Landshuterstrasse 11—12, Berlin W 30, 


Germany. 
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their results for the density of ammonia previously published (see report for 1931). The 
corrected densities are : 
1 atmosphere 0°77170 1/2 atmosphere 0°76573 
2/3 " 0°76760 1/3 0°76380 

The authors calculate 1 + to be 1-0157, and the atomic weight of nitrogen to be 
14-007, on the assumption that the deviation from Boyle’s law is a linear function of the 
pressure. 

Dietrichson, Bircher, and O’Brien (J. Amer. Chem. Soc., 1933, 55, 1) and Dietrichson, 
Orleman, and Rubin (ibid., 1933, 55, 14) have determined the density of ammonia at 
different pressures. Synthetic ammonia was purified by distillation over sodium and 
fractionation. The density determinations were made by filling globes (5 litre and 1 litre) 
at 0° and measured pressure and condensing the gas in pyrex capsules which were sealed 
and weighed. Adsorption was eliminated by thorough baking of the glass in the case of 
the l-litre globe. Less satisfactory results were obtained with the 5-litre globe, so that 
only the results with the 1-litre globe are given in the following table. 


”” 


The Density of Ammonia. 

1 Atmosphere. 2/3 Atmosphere. 1/3 Atmosphere. 
0°771262 0°511590 0°254559 
0°771273 0°511631 0°254575 
0°771239 0°511609 0°254598 
0°771262 0°511613 0°254576 

0°511586 
0°511599 
0°771259 0°511605 0°254576 


Calculated by Guye’s secondary difference or quadratic method, the limiting density of 
ammonia is found to be 0-76022 and the atomic weight of nitrogen 14-017. The authors 
from a quadratic equation of state find 14-007, but feel that extrapolation to limiting 
dilution is too uncertain with ammonia to afford a reliable method for finding the atomic 
weight of nitrogen. 

S1t1con.—Weatherill and Brundage (J. Amer. Chem. Soc., 1932, 54, 3932) have deter- 
mined the ratio of silicon tetrachoride to silicon dioxide. Silicon tetrachloride was purified 
by prolonged fractional distillation in all-glass exhausted apparatus. Analysis of fractions 
sealed in silica bulbs during the course of the purification was effected by breaking the bulb 
under dilute hydrochloric acid in a weighed platinum crucible and gradually heating the 
product to constant weight at about 1100°. Weights are corrected to vacuum. The 
number of the fraction indicates the number of fractional distillations to which the material 
had been subjected. 

The Atomic Weight of Silicon. 


Ratio 
Fraction. Wt. of SiCl,. Wt. of SiO,. SiO, : SiCl],. At. Wt. Si. 
13 2-11017 0°74587 0°353464 28°044* 
13 2°53146 0°89563 0°353800 28°132* 
15 4°59854 1°62648 0°353695 28°104 
15 2°86802 1:01447 0°353718 28-110 
15 3°01710 1:06731 0°353754 28-120 
17 2°90424 102706 0°353642 28-090 
17 2°55431 0°90357 0°353743 * 28°117 
17 2°80323 0°99175 0°353788 28°129* 
17 2°92542 1-03462 0°353665 28-096 
18 3°38901 1°19857 0°353664 28-096 
18 2°10540 0°74458 0°353653 28-093 


Average 0°353700 28°103 


The asterisked analyses were subject to slight experimental uncertainty, but their 
omission does not change the average. The final result is higher than that found by 
Baxter, Weatherill, Holmes, and Scripture, 28-063, but agrees well with that found by 
H6nigschmid and Steinheil, 28-105. 
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SuLPHUR.—Klemenc and Bankowski (Z. anorg. Chem., 1932, 208, 348) have prepared 
hydrogen sulphide by synthesis from the elements and fractional distillation. The density 
was obtained by a combination of the globe and volumeter methods, the gas being measured 
in a 2-litre globe and weighed after transfer to a somewhat smaller one. Determinations 
were carried out with carbon dioxide for purposes of comparison. 


Density. Density. Density. Density. Density. Density. 
CQ,. H,S. CO,. H,S. CO,. H,S. 
1/9762 15359 19771 1°5367 1:9770 15362 
1-9766 1-5383 19765 1°5360 1:9769 1-5360 
19775 15361 19764 1°5364 Average 1°9768 15362 

1-9779 15367 19765 15360 


Using values for 1 + of 1-00706 and 1-01035, the molecular weights of carbon dioxide 
and hydrogen sulphide are 43-998 and 34-081 respectively and the atomic weights of carbon 
and sulphur 11-999 and 32-065. Batuecas (J. chim. Phys., 1933, 30, 482) discusses this 
paper critically. ' 

Porasstum.—Chlopin and Pasvik-Chlopin (Bull. Soc. chim., 1932, 51, 1227) have 
compared potassium extracted from peas with common potassium. Potassium per- 
chlorate was precipitated from an extract of the ashes of peas (seed) and was recrystallised. 
After conversion to chloride this compound was crystallised. For analysis the salt was 
dried at 400°. The common potassium consisted of a very pure commercial sample. 
Analysis was effected by precipitating and weighing silver chloride. No corrections to 
vacuum are made. 


The Atomic Weight of Potassium. 


Sample. Wt. of KCI. Wt. of AgCl. At. Wt. K. 
Ash 0°5211 1:0017 39°11 
0°4632 0°8907 39°08 
0°2949 0°5676 39°01 
0°4894 0°9410 39°09 
0°4871 0°9364 39°10 
Average 39°08 


10781 2:0724 39°11 
0°6531* 1-2566 39°04 
0°6331 1-2178 39°06 

Average 39°07 


The two samples are identical within the experimental error. 
* The original paper gives 0°1531. 


Baxter and MacNevin (J. Amer. Chem. Soc., 1933, 55, 3185) have analysed potassium 
chloride by comparison with silver. Nine samples of salt were prepared by crystallisation 
as the compounds given in the following table. 


Sample Source. 


A. Commercial KCIO,(I) KCI1O;, KC1O,, KCl 

B. Commercial KNO, KNO,, KCl 

C. Commercial KCIO,(II) KCIO;, KClO,, KCl 

D, and D,. Commercial KCIO,(I) KCIO,, KClO,, KCl 

E. Commercial K,C,O, K,C,O,, KCl 

F. Australian alaunite KAI(SO,).°12H,O, KCIO,, KCl 
G. Stassfurt K,CO, KCIO,, KCIO,, KCl 

H. Hard wood ash KNO,, KCIO,, KCl 


The chloride was prepared for weighing by fusion in dry nitrogen with the following 
exceptions. The first three specimens were fused in air. In the eighth and the eleventh 
analysis a mixture of nitrogen and hydrogen chloride was used, although this resulted in 
the attacking of the platinum boat. In the twenty-fifth analysis pure hydrogen was used, 
and in the twenty-sixth a mixture of hydrogen and hydrogen chloride. The weighed salt 
bo compared with silver in the usual way. Weights are corrected for the buoyancy of 
the air. 





Sample. 
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Wt. of KCl. 
7°25734 
5°92306 
6°86340 
4°47498 
1°93359 
2°37502 


5°52011 
5°37543 
5°33013 


4°83277 
5:04591 
5°54960 
4:39910 
4°53273 
4°45347 
7°23597 


6°17283 
7°27021 
4°87145 
5°34406 


6°44377 
5°88056 
5°89358 


5°76754 
4°68776 
5°76684 
4°95265 


4°78080 
5°39065 


5°04247 
4°54922 


6°77998 
6°78310 


Wt. of Ag. 

10°50215 
857121 
9°93154 
6°47567 
2°79802 
3°43697 


Average 


7°98806 
7°77865 
7°71318 


Average 


6°99408 
730265 
8°03105 
6°35490 
6°56001 
6°44457 
10°47029 


893220 

10°52040 

7°04946 

7°73305 
Average 

932401 


8°50935 
8°52839 


Average 


8°34642 
6°78382 
8°34487 
7°16651 


Average 


6°91807 
7°80054 
Average 
7°29628 
6°58299 


Average 


9°81100 
9°81525 


Ratio KCl: Ag. 


0°691034 
0°691041 
0°691071 
0°691045 
0°691057 
0°691021 
0°691045 


0°691045 
0°691049 
0°691042 
0°691045 


0°690980 
0°690970 
0°691018 
0°690979 
0-690964 
0°691042 
0°691095 


0691076 
0°691058 
0°691039 
0°691068 
0°691060 
0°691094 
0°691070 
0°691054 
0-691073 
0°691020 
0°691021 
0691064 
0°691082 
0°691047 
0°691060 
0°691061 
0°691061 
0°691101 
0°691057 
0°691079 
0°691059 
0°691078 


At. Wt. of K. 


39-092 
39-093 
39°096 
39°093 
39°094 
39-090 
39-093 
39°093 
39-093 
39°093 
39-093 


39°086 
39°085 


39-090 


39°086 
39°084 
39°093 


39-098 


39-096 
39-094 
39-092 
39°095 
39°094 
39-098 
39-096 
39°094 
39-096 
39-090 
39-090 
39°095 
39°097 
39°093 
39-095 
39°095 
39-095 
39-099 
39°094 
39°097 
39-094 
39-096 


39-095 
39-094 


Average 0°691069 
Average of all analyses except those of Sample C 0°691057 


The final value confirms the lower value obtained by Richards and Staehler and Richards 
and Mueller some years ago, 39-096, rather than the later one of Hénigschmid and Goubeau, 
39-104. 

Baxter and Alter (J. Amer. Chem. Soc., 1933, 55, 3270) have analysed the sample of 
“heavy ” potassium obtained by v. Hevesy and Légstrup (Z. anorg. Chem., 1928, 171, 1). 


The Atomic Weight of Potassium. 


Wt. of KCl. 


4°92432 
8°76118 


5°73312 
5°77933 


Wt. of Ag. 
7°12559 
12°67767 


Average 


8°29460 
8°36128 


Ratio KCl : Ag. 
0°691075 
0°691072 
0°691073 
0-691187 
0°691201 


At. Wt. of K. 


39-096 
39°096 


39-096 


39°108 
39°110 


Average 0°691194 39°109 


This result is identical with that previously found by Hénigschmid and Goubeau for 
the same sample of heavy potassium. Hd6nigschmid and Sachtleben (Z. anorg. Chem., 
1933, 213, 365) have confirmed the lower value for potassium by comparison of potassium 
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chloride and bromide with silver. Several samples of material were purified by crystallis- 
ation as the compounds given in the following table : 
I—III. Commercial KNO, KNOs;, KCl 
IV. Hopflower ash KH,C,0,, KNO,, KCl 
V. Commercial KNO, KNO,, KH,C,0,, KCl 
VI. Commercial K,C,O, K,C,0,, KCl 
VII—X. Commercial KNO, KNO,, KCl 


In preparing samples VII—X the conditions of precipitating the chloride from a 
solution of the nitrate were varied. 

After fusion in nitrogen, weighed portions of the chloride were compared with silver, 
and the silver chloride was collected. Vacuum weights are given. 

Analyses with Samples I—III gave the higher value 39-104, owing, in the opinion of 
the investigators, to the presence of nitrate or some other anion in the fused salt. Lower 
values were obtained with all the other samples. 


The Atomic Weight of Potassium. 
Wt. of Wt. of Ratio At. Wt. Wt. of Ratio At. Wt. 
Sample. KCl. Ag. KCl: Ag. of K. AgCl. KCl: AgCl. of K. 
IV 4°40001 6°36687 0°691094 39°097 
IV 2°76954 400768 0°691058 39°094 
Average 0°691076 39°096 
2°76123 3°99573 0°691045 39°093 
5°14999 7°45198 0°691090 39-098 9°90113 0°520142 
4:06210 5°87777 0°691095 39-098 7°80966 0°520138 
Average 0°691080 39-096 Average 0°520140 
4°62128 6°68711 0°691073 39-096 8°88476 0°520136 
3°45462 4-99898 0°691065 39-095 
4°40576 6°37550 0°691046 39-093 
2°52655 3°65615 0°691041 39°093 
Average 0°691056 39°094 
4°12595 5-97030 0°691079 39-097 7°93256 0°520128 
2-99588 4°33516 0-691066 39-095 5°75979 0°520137 
3°23019 4°67421 0°691067 39-095 6°21015 0°520147 
5°06404 7°32794 0°691059 39°094 9°73612 0°520129 
Average 0°691068 39-095 Average 0°520135 
3°69668 5°34918 0°691074 39-096 
3°70379 5°35946 0°691075 39-096 
Average 0°691075 39°096 
3°99417 5°77972 0°691066 39°095 
3°86909 5-59866 0°691074 39-096 7°43880 0°520123 39°096 
2°52513 3°65400 0°691059 39-094 4°85515 0°520093 39-092 


Average 0°691066 39°095 Average 0°520108 39°094 
Average of all 0°691069 39°096 Average of all 0°520132 39°097 


A portion of pure oxalate from Sample VI was converted into bromide by means of pure 
bromine and the bromide was crystallised. After fusion in nitrogen, the salt was analysed 
as above. 

The Atomic Weight of Potassium. 


Wt. of Wt. of Ratio At. Wt. Wt. of Ratio At. Wt. 

KBr. Ag. KBr : Ag. of K. AgBr. KBr : AgBr. of K. 
5°21776 4°72975 1103179 39°095 823366 0°633711 39°092 
6°45421 5°85042 1-103205 39-098 10°18456 0°633725 39°095 
3°87157 3°50941 1103197 39°097 6°10922 0°633726 39°095 
6°29952 5°71012 1-103220 39-099 9°94051 0°633722 39°095 
3°81822 3°46109 1-103184 39-096 6°02523 0°633705 39°091 
4°04357 3°66536 1-103185 39-096 6°38062 0°633727 39°095 
Average 1°103197 39-097 Average 0°633720 39-094 


The average of all the results, 39-096, supports the lower value for potassium found by 
Richards, Staehler, and Mueller, and by Baxter and MacNevin. For the table of atomic 
weights the value 39-096 has been adopted. 

CaLci1uM.—Kendall, Smith, and Tait (Nature, 1933, 181, 688) have extracted calcium 
from felspar (Rhiconich, Sutherlandshire, 1000 million years) and pegmatite (Portsoy, 
Banffshire, 600 million years). Both minerals were rich in potassium and low in calcium. 
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After fractionation as oxalate, the nitrate was recrystallised and converted into chloride. 
Two samples of common calcium chloride also were prepared. Comparison with silver 
followed. Only the final results are given. 

At. Wt. of Ca. At. Wt. of Ca. 


Rhiconich 40-092 Sea shells 40-076 
Portsoy 40°089 Bermuda limestone 40°077 


From these differences the authors calculate the half-life period of K*". 

ARSENIC.—Baxter, Sheafer, Dorcas, and Scripture (J. Amer. Chem. Soc., 1933, 55, 
1054) have analysed arsenic trichloride and arsenic tribromide by comparison with silver. 
The compounds were prepared by synthesis from arsenic and the pure halogens, and were 
subjected to prolonged fractionation in exhausted glass apparatus. Towards the end of 
each fractionation head and tail fractions were sealed off in glass bulbs for analysis. In 
the tables the fractions are numbered in the order of decreasing volatility. Samples I 
and II of tribromide were prepared in identical manner. Sample II of trichloride was 
subjected to prolonged refluxing over metallic arsenic. Sample III was repeatedly passed 
over red hot arsenic. Weights are in vacuum. 


The Atomic Weight of Arsenic. 
Fraction of AsBr,. Wt. of AsBrs. Wt. of Ag. Ratio AsBr,:3Ag. At. Wt. of As. 


Sample I. 
8 10°00486 10°29087 0°972207 74°897 
9 9°64625 9°92076 0°972330 74°937 
7 13°92585 14:32280 0°972285 74°922 
Average 0°972272 74919 


Sample IT. 
10 5°73208 5°88287 (0-974368) (75-596) 
48 6°63538 6°82490 0°972231 74°905 
11 8°10704 833856 0°972235 74906 
46 8°02860 8°25775 0°972250 74911 
23 5°04824 5°19255 0-972208 74°897 
37 7°27190 7°48011 0°972165 74°883 
38 7°70301 7°92309 0°972223 74-902 
24 7°55491 7°77056 0°972248 74910 
29 6°49903 6°68459 0°972241 74°908 
30 6°14542 6°32150 0°972146 74°877 
31 6°74221 6°93490 0°972214 74°899 
32 680346 6°99845 0-972138 74°875 
33 5°84643 601362 0°972195 74°893 
27 8°16037 839376 0°972195 74893 
28 7°54923 7°76488 0-972228 74904 
Average 0°972208 74°897 


Fraction of AsC],. Wt. of AsCl,. Wt. of Ag. Ratio AsCl,:3Ag. At. Wt. of / 


Sample I. 

36 5°58768 9°97651 0°560084 74°895 
37 7°75110 13°83860 0°560107 74°902 
56 9°14735 16°33229 0°560078 74893 
39 6°79634 12°13395 0-560109 74°903 
40 6°07547 10°84673 0-560120 74:906 
41 5°07411 9°05925 0°560103 74°901 
53 6°33798 11-31630 0°560075 74°892 
52 6°90994 12°33683 0:560107 74°902 
51 3°93552 702561 0-560168 74°922 
49 5°41621 9°66859 0°560186 74-928 
45 4°81464 8°59483 0-560179 ° 74925 
43 4°66762 8°33241 0°560176 74°924 
46 3°13878 5°60332 0°560164 74°920 

Average 0°560128 74°909 


Sample ITI. 

4°19732 7°49357 0°560123 74°907 
4°98056 8°89154 0°560146 74915 
4°73909 8°46146 0:560079 74°893 
4°15568 7°42009 0°560058 74°886 
5°15747 9°20770 0°560126 74-908 
5°29708 9°45801 0-560063 74°888 

Average 0°560099 74°900 
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Fract. of AsCl,. Wt. of AsCl,. Wt. of Ag. Ratio AsCl,:3Ag. At. Wt. of As. 
Sample III. 

35 4°94345 8°82593 0°560105 74901 
36 4°82524 8°61491 0°560103 74901 
64 3°84375 6°86240 0°560117 74905 
65 4°28593 7°65175 0°560124 74:908 
38 4°62010 824806 0°560144 74914 
67 4:01638 7°17073 0:560108 74:902 

Average 0°560117 74°905 


Samples II and III. 

5°10281 9°10967 0°560153 74°917 
5°96855 9°04864 0°560145 74914 
5°29138 9°44656 0°560138 74°912 
5°67514 10°13182 0°560130 74°909 
5°14259 9°18110 0°560128 74°909 
5°82250 10°39473 0°560140 74913 

Average 0°560139 74°912 


Average of all 0°560122 74°907 


of AsCl,. Wt. of AsCly. Wt. of AgCl. Ratio AsCl,: 3AgCl. At. Wt. of As. 
Samples II and III. 


50 5°10281 12°10339 0°421602 74-922 
52 5°06855 12°02213 0°421602 74°922 
55 5°29138 12°55061 0°421603 74°923 
56a 5°67514 13°46140 0°421586 74°916 
56b 5°14259 12°19848 0°421576 74911 
56c 5°82250 13°81144 0°421571 74°909 

Average 0°421590 74917 


The average result of all analyses, 74-91, is lower than Krepelka’s 74-938 and slightly 
lower than Aston’s 74-919. 

Baxter and Shaefer (J. Amer. Chem. Soc., 1933, 55, 1957) have compared arsenic 
trichloride with iodine pentoxide by hydrolysing weighed quantities of the trichloride with 


sodium hydroxide in a vacuum. After neutralisation, a solution of a weighed, nearly 
equivalent quantity of iodine pentoxide was added. The end-point was found in the 
presence of starch by neutralising with phosphate and adding standard dilute iodine or 
arsenite solutions. The weight of iodine pentoxide, besides being corrected to vacuum, 
was subjected to a negative correction for retained moisture of 0-0023 per cent. and to one 
of 0-001 per cent. for adsorbed air. 


The Atomic Weight of Arsenic. 


Wt. of Wt. of Ratio At. Wt. Wt. of Wt. of Ratio At. Wt. 
AsC],. I,0;. 6AsCl,:1,0;. of As. AsC],. I,O;. 6AsCl,:1,0,;. of As. 
7°21705° = 2°21507 3°25816 74910 21°15293 + 6°49218 3°25822 74°913 
9°15444 2°80921 3°25872 74°941 17°66650 5°42190 3°25836 74°921 
10°21968 3°13631 3°25850 74°929 18°35205  3°63253 3°25822 274913 
9°66130 2°96521 3°25822 74913 1463971  4:49298 3°25835 74°920 
17°39861 5°33925 (3°25862) (74°935) 20°48010 6°28471 (3°25872) 74°941 
17°77941  5°45676 3°25824 74914 13°53616 4°15364 (3°25887) 74°949 
20°40160 6°26138 3°25832 74919 17°51544  5:37602 3°25807 74°905 
17°17037 5°27036 3°25791 74°896 17°32860 5°31874 3°25803 74°903 
21:97776  6°74506 3°25835 74°920 18°18162 5°58033 3°25816 74°910 
21°44152 += 657529 (3°26092) (75-063) 18°05460 5°54146 3°25809 74°906 
22°11839 6°78901 3°25797 74°899 Average excluding paren- 
thetical results 3°25823 74°914 


The average value for the atomic weight of arsenic, excluding the first four analyses 
which were preliminary and the parenthetical analyses which were subject to known error, is 
74-911 (I = 126-917). In view of the concordance of the result of this method and that of 
the work on the comparison of the arsenic halides with silver, the value for arsenic in the 
table of atomic weights has been changed from 74-93 to 74-91. 

SELENIUM.—HOnigschmid and Kapfenberger (Z. anorg. Chem., 1933, 212, 198) have 
quantitatively synthesised silver selenide from metallic silver. Selenium dioxide was 
prepared by oxidation of the metal with nitric acid, and was purified by sublimation in a 
current of oxygen. By reduction with hydrazine the metal was again obtained, and the 
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above purification was repeated. The elementary selenium was finally dried by sublimation 
in a current of pure nitrogen. 

The synthesis was effected by heating weighed quantities of the purest silver in a current 
of nitrogen laden with selenium vapour. Excess of selenium was removed by heating first 
in nitrogen to 300° and then in a high vacuum to 190°. Since a further treatment with 
selenium vapour followed by removal of excess selenium was found in general to produce 
no change in the weight of the silver selenide, the authors conclude that the product was 
normal in composition. Weights are corrected to vacuum. 


The Atomic Weight of Selenium. 
Wt. of Wt. of Ratio At. Wt. Wt. of Wt. of Ratio At. Wt. 
Ag. Ag,Se. 2Ag : Ag,Se. of Se. Ag. Ag,Se. 2Ag: Ag,Se. of Se. 
4°70165 6°42241 0°732069 78°966 4°44063 6°06573 0°732085 78-960 
4°88889 6°67806 0°732082 78°961 4°42179 6-04004 0°732080 78°962 
4:04605 5°52675 0°732085 78-960 7:15979  9°78012 0732076 78°964 
3°57459 4°88282 0°732075 78°964 6-09006 8°31864 0-732098 78°955 
4°28539 5°85373 0°732079 78°962 6°05372 8°26925 0°732076 78-963 
4:79795  6°55384  0°732082 78-961 Average 0°732081 78-962 


In view of the fact that Aston (Proc. Roy. Soc., 1931, 182, A, 487) by quantitative 
estimation of the proportions of the six isotopes has arrived at the value 78-96 for the 
chemical atomic weight of selenium, it seems highly probable that the value 79-2 heretofore 
adopted for the International table is too high. It therefore has been replaced in the table 
for this year by the value 78-96. 

InpI1uM.—Baxter and Alter (J. Amer. Chem. Soc., 1933, 55, 1943) have analysed indium 
trichloride and indium tribromide by comparison with silver. Commercial very pure 
indium was twice subjected to electrolytic transport from a dissolving anode. The product 
of the first electrolysis still contained traces of impurities, but that of the second when 
subjected to spectroscopic examination showed no evidence of impurity. After fusion 
in hydrogen the metal was converted into chloride or bromide by heating in a current of 
nitrogen and chlorine or bromine in a glass (first two experiments) or quartz tube, and the 
product was twice sublimed in a current of nitrogen and halogen. The section of the tube 
containing the salt was sealed off while exhausted. From the volume and weight of the 
tube the weight in vacuum was obtained. After breaking under a slightly acid solution 
the glass or quartz was washed and collected and from the weight in vacuum and the weight 
of the bulb the weight of salt was obtained. Comparison of the solutions with silver 
followed. 

The Atomic Weight of Indium. 
Ratio InCl, : 3Ag. 
No. of Ratio 
electrolyses. Wt. of InCl,. Wt. of Ag. InCl, : 3Ag. At. Wt. of In. 
1 564316 8°25759 0°683391 114-802 
1 8°35611 1222754 0°683384 114-799 
Average 0°683388 114-801 
9°65967 14°13582 0°683347 114-787 
12-04518 17°62730 0°683325 114-780 
12°18165 17°82667 0°683339 114-785 
Average 0°683337 114°784 
5°78802 8°47132 0°683249 114°756 
5-80139 8-49079 0°683257 114-758 
5°58558 817470 0°683276 ° 114-764 
Average 0°683261 114-759 


Ratio InBr, : 3Ag. 


Ratio 
Wt. of InBr;. Wt. of Ag. InBr, : 3Ag. At. Wt. of In. 

6°38915 5°83299 109535 114-750 
9°07794 828699 109544 114-782 
8°91416 8°13810 1-09536 114°755 
9°24920 8°44420 1-09533 114°745 
6°22482 5°68250 109544 114°779 

Average 1-:09538 114-762 


Average of last eight analyses 114-761 
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The average of the last eight experiments, 114-76, made with material known to be very 
pure, seems to be nearer the correct value than that heretofore given in the International 
table. 

IopINE.—Guichard (Compt. rend., 1933, 196, 1024) discusses the advantages of the 
analysis of iodine pentoxide as a method of determining the atomic weight of iodine, and 
points out that the results of this analysis by Guichard, 126-915, and by Baxter and Butler, 
126-905, together with that of Hénigschmid and Striebel, 126-917, by conversion of silver 
iodide into silver chloride, indicate a value for the atomic weight of iodine lower than the 
old value in the International table (126-92). 

TELLURIUM.—Honigschmid, Sachtleben, and Wintersberger (Z. anorg. Chem., 1933, 
212, 242) have prepared and analysed tellurium tetrabromide. Tellurium was purified 
by fractional distillation of the metal. The chloride was then prepared and fractionally 
distilled. From the product tellurium was prepared by reduction and again distilled 
(Sample I). After conversion into basic nitrate this compound was recrystallised from 
nitric acid. The metal was again obtained by reduction and three times fractionally dis- 
tilled in vacuum (Sample II). Sample I contained spectroscopic traces of copper and 
silver, but Sample II was free from silver and probably also from copper. Tellurium 
tetrabromide was prepared by distilling bromine upon the metal in a closed vessel filled 
with nitrogen. Excess of bromine was removed by heating in a current of nitrogen, and 
the product was then fractionated into glass bulbs in a vacuum, in order to avoid formation 
of dibromide. The bulbs were weighed in air and under water, broken under a solution of 
tartaric acid, and the glass was collected on a platinum sponge crucible and weighed. 
The weight of the tetrabromide was obtained as the difference between the vacuum weights 
of the bulb and glass. 

Comparison of the solution with silver in the usual way followed, and the silver bromide 
was collected and weighed. 


The Atomic Weight of Tellurium. 
Preliminary Series. 
Wt. of Ratio At Wt. Wt. of Ratio At. Wt. 
Ag. TeBr,: 4Ag. of Te. AgBr. TeBr,:4AgBr. of Te. 
4:01678 0°595392 127-59 
8°52222 0°595393 127-59 
4°51555 0°595352 127°56 
1-52728 1-03639 127-56 
2-15354 1-03635 127°54 
2-35609 1-03653 127-62 
Average 1-:03643 127°58 Average 0°595382 127-58 


Final Series. 

3°74734 3°61552 1-03646 127-59 6°29383 0°595399 127°59 
3°45213 3°33043 1-03654 127-62 5°79759 0°595442 127°62 
2-70643 2°61118 1-03648 127-60 4°54571 0°595381 127°58 
2°51726 2°42877 1-03643 127°58 4:22774 0°595415 127-60 
3°09138 2°98265 103645 127-59 5°19204 0:595408 127°60 
4°38655 4°23194 1-03653 127-62 7°36692 0°595439 127-62 
196375 189456 103652 127-62 3°29790 0°595455 127°63 
1-86236 1-79680 1-03649 127-60 3°12770 0°595441 127-62 
4:30945 4°15780 103647 127-60 7°23780 0°595409 127-60 
4°64841 4:48469 1:03651 127°61 7°80641 0°595461 127°64 
2°48613 2°39864 1-03648 127-60 4:17530 0°595437 127-62 

Average 1-03649 127-60 Average 0°595426 127°61 


HGnigschmid (Z. anorg. Chem., 1933, 214, 281) also has quantitatively synthesised 
silver telluride from weighed quantities of silver. The silver was heated in a current of 
nitrogen charged with pure tellurium vapour, and the excess of tellurium was removed at 
elevated temperatures in a vacuum. Normal composition is inferred from the fact that the 
telluride when heated to constant weight at 500—540° remains constant in weight when 
further heated to 620°, although at higher temperatures further loss in weight takes place. 
Further treatment with tellurium vapour in a similar way failed to alter the weight of the 


product. 
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The Atomic Weight of Tellurium. 


Wt. of Ag. Wt. of Ag,Te. Final Temp. Ratio Ag,Te:2Ag. At. Wt. of Te. 
2°00741 3°19464 600° 159142 127°605 
3°19463 560 159142 127-605 
on 3°19468 550 159144 127-610 
2°85653 4°54586 600 1-59139 127-599 
- 4:54606 600 159146 127-614 
3°76928 5°99868 600 159147 127-614 
312566 4°97428 600 1-59143 127-608 
4°97434 600 1-59145 127-612 
- 4:97430 600 1-59144 127-609 
3°28633 5°22997 600 1:59143 127-607 
5°23010 580 159147 127-616 
5°23010 560 159147 127°616 
5°23992 550 159142 127-605 


Average 159145 127-609 
This result is essentially identical with that obtained by analysis of tellurium tetra- 
bromide, while Bainbridge from the mass spectrum calculates 127-58. In view of this 
concordance the value for tellurium in the table is changed from 127-5 to 127-61. 
Castum.—Baxter and Thomas (J. Amer. Chem. Soc., 1933, 55, 858) have compared 
cesium chloride with silver using fractionated material which was found spectroscopically 
to be free from rubidium and potassium. Weights are corrected to vacuum. 


The Atomic Weight of Cesium. 
Wt. of Wt. of Ratio At. Wt. Wt. of Wt. of Ratio At. Wt. 

CsCl. Ag. CsCl : Ag. of Cs. CsCl. Ag. CsCl: Ag. of Cs. 

8°96291 5°74296 1-56068 132-91 9°53125 6-10708 1:56069 132-91 
9°60983 615751 —-1-56067 132-91 7°52304 482025 = 1-56072 132-91 
9°70288 6°21686 1:56074 132-92 Average 1°56070 132-91 

This result is 0-1 unit higher than that obtained by Richards and Archibald and 
Richards and Francon, but agrees exactly with Aston’s corrected value. This value has 
been adopted for the table. 

ErpiuM.—Honigschmid and Kapfenberger (Z. anorg. Chem., 1933, 214, 97) have pre- 
pared and analysed anhydrous erbium chloride, starting with erbium oxide which had been 
purified by Prandtl (zbid., 1931, 198, 157). This material was subjected to X-ray analysis by 
both Prandtl and v. Hevesy, and was found to be essentially free from all other rare earths. 

The erbium was first several times precipitated as oxalate with intermediate ignition 
of the oxalate to oxide. After solution of the final product in hydrochloric acid, the 
chloride was obtained by evaporating and saturating with hydrogen chloride (Sample I). 
Recovery of material used in the earlier analyses yielded Sample II. 

The salt was dehydrated slowly in a current of nitrogen and hydrogen chloride at 
gradually increasing temperatures up to 450° without melting it, in order to avoid possible 
losses of chlorine. Analysis by comparison with silver and weighing the silver chloride 
followed conventional lines. Weights are corrected to vacuum. 


The Atomic Weight of Erbium. 


Wt. of Wt. of Ratio At. Wt. Wt. of Ratio At. Wt. 

Sample. ErCl,. Ag. ErCl, : 3Ag. of Er. AgCl. ErCl,;:3AgCl. of Er. 
1-88695 2°24872 0°839122 165-202 2°98792 0°631526 165°192 

198625 2°36703 0°839132 165-206 3°14516 0°631526 165-192 

2°30845 2°75114 0°839089 165-192 3°65527 0°631340 165°198 

2-93390 3°49630 0°839144 165-210 4°64550 _ 0°631557 165-206 

2°89514 3°45006 0°839156 165-214 4-58401 0°631574 165-213 

I 3°18253 3°79248 0°839169 165-217 5:03906 0°631572 165-212 

I 3°05257 3°63780 0°839125 165-204 4°83354 0°631539 165-198 
Average 0°839134 165-206 Average 0°631551 165-202 


In view of the fact that Baxter and Chapin (J. Amer. Chem. Soc., 1911, 33, 22) found 0-003 
per cent. water in neodymium chloride which had been dried in an exactly similar fashion, 
it seems likely that the above results are subject to a small uncertainty from this source. 

The value 165-2 is 2-2 units lower than the value 167-46 previously found by Boss 
and Hopkins. The committee has refrained from changing the value in the table, O. 
Hénigschmid being occupied with another investigation starting with an erbium oxide 
prepared recently by Prandtl. 


” 
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YTTERBIUM.—Honigschmid and Striebel (Z. anorg. Chem., 1933, 212, 385) have analysed 
ytterbium chloride prepared from oxide which had been purified by Prandtl (cbid., 1932, 
209, 13), and which showed evidence of great purity when subjected to X-ray analysis. 
The preparation of the salt for weighing and the analysis followed closely the method 
already described in the case of erbium. Fusion was found impossible owing to dissociation 
of the salt. The material used in the analyses of Sample I was repurified for the analyses 
of Sample II. Weights are corrected to vacuum. 


The Atomic Weight of Ytterbium. 
Wt. of Wt. of Ratio At. Wt. Wt. of Ratio At. Wt. 
Sample.  YbCly. Ag.  YbCl,:3Ag. of Yb. AgCl. YbCl,:3AgCl. of Yb. 

I 207410 240255 086329 173025 — 3-19205 0°64977 173-037 
1:71782 1-98986 0°86329 173023 —- 264378 0°64976 173-033 
1°81933 2°10732 0°86334 173°040 2°79979 0°64981 173°054 
2°33706 =. 270695 «(0'86336 =—s:173°045 = 359653 0°64981 173-054 
2°31349 2°67968 0°86335 173°042 3°56054 0°64976 173°032 
2°78037 3'22053 «(086333 173-036 427915 0°64975 173-029 
2-08726 241783 0-86328 173020 — 3-21248 0°64973 173-022 
1:81001 2-09650 086335 173043 278551 0°64979 173-048 
2°53341 2°93447 0°86333 173-036 3°69892 0°64977 173-038 

Average 0°86332 173-037 Average 0°64977 173-039 

From the standpoints of purity of material and suitability of method, this investigation 
seems superior to earlier work on ytterbium. Therefore the value 173-04 has been adopted 
for the table. Auer von Welsbach obtained the value 173-0, while Blumenfeld and Urbain 
found 173-5. 

OsmiuM.—Gilchrist (U.S. Bureau of Standards Journal of Research, 1932, 9, 279) has 
determined the percentage of osmium in ammonium chloro-osmate and ammonium bromo- 
osmate. Osmium was freed from other platinum metals by two distillations as tetroxide 
from nitric acid solution. The metal, obtained by electrolysis, was oxidised to tetroxide 
and then reduced by boiling with pure hydrochloric or hydrobromic acid to chloro-osmic 
or bromo-osmic acid. Precipitation as the ammonium salts followed, and the salts were 
recrystallised, except in the case of ammonium chloro-osmate Sample II. After being 


dried over phosphorus pentoxide, the salts were prepared for weighing by prolonged 
heating to constant weight at about 150°. 

The weighed salt was reduced in a current of pure hydrogen, the final temperature, 
700—725°, being maintained long enough to secure constant weight of the resulting metal. 
Removal of hydrogen from the reduction tube by a current of nitrogen was found necessary 
in order to avoid oxidation when the metal was exposed to the air. Weights are corrected 
to vacuum. 


The Atomic Weight of Osmium, 

Sample. Wt. of (NH,),OsCl,. Wt. of Os. (NH,),OsCl,. At. Wt. of Os. 
1 3°81131 1°65758 0°43491 191-50 
1 3°46016 1°50505 0°43496 191°54 
1 111090 0°48320 0°43497 191°55 

Average 0°43495 191°53 

780602 3°39547 0°43499 191-56 
7°21775 3°13949 0°43496 191°54 
704888 306644 0°43502 191-58 
7°54170 327946 0°43484 191-44 
Average 0°43495 191°53 

Average of all 0°43495 191-53 

585596 1:58647 0°27091 191-57 
5°59080 151471 0°27093 191-59 
3°91834 1:06117 0°27082 191°48 
Average 0°27089 191°55 

498331 1:35016 0°27093 191-59 
4°53546 1:22899 0°27097 191°63 
Average 0°27095 191-61 

Average of all 0°27091 191°57 


Since this work seems superior to earlier work on osmium, the value 191-5 has been 


adopted for the table of atomic weights. 
THALLIUM.—Baxter and Thomas (J. Amer. Chem. Soc., 1933, 55, 2384) have compared 
thallous chloride with silver. Thallous sulphate was several times recrystallised and con- 
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verted to chloride. The chloride was then recrystallised. Sample A contained a spectro- 
scopic trace of silver introduced accidentally. Sample B was found by spectroscopic 
examination to be free from the impurities contained in the original thallium. Sample C, 
the purest, was not examined spectroscopically. The salt was prepared for weighing by 
distillation in nitrogen and refusion in nitrogen. In the third analysis the final fusion 
atmosphere was air. Comparison with silver followed the conventional lines. Weights 
are corrected to vacuum. 
The Atomic Weight of Thallium. 


Sample TICl. Wt. of TIC. Wt. of Ag. Ratio TICI: Ag. At. Wt. of TI. 
A 6°03004 2°71269 (2°22290) (204-349) 
7°16504 3°22265 2°22334 204°397 
7°26645 3°26832 2°22330 204°393 
11°54708 5°19357 2°22334 204°397 
11°94726 537358 2°22333 204°396 
9°87039 4°43931 2°22341 204°404 
13°11388 5°89818 2°22338 204°401 
8°97358 4:03636 2°22319 204°381 
9°71404 4°36898 2°22341 204°404 
10°23369 4°60270 2°22341 204-404 
12°79964 5°75681 2°22339 204°402 
9°97133 4°48459 2°22347 204°411 


Average excluding Analysis 1 2°22336 204°399 

The result, 204-40, confirms the work of Hénigschmid, Birckenbach, Kother, and 
Striebel, who found 204-39, and of Aston, 204-39, but is higher than that found by Briscoe, 
Kikuchi, and Peel, 204-34. 

LEAD.—Several determinations of the atomic weight of lead from radioactive minerals 
have appeared. Baxter and Alter (J. Amer. Chem. Soc., 1933, 55, 1445) extracted lead 
from cyrtolite occurring in Bedford, New York, U.S.A. This mineral was nearly if not 
quite free from thorium. Purification included precipitation as sulphide, as chromate, and 
as sulphate, crystallisation as nitrate and chloride, and distillation in dry hydrogen chloride. 
Lead from Swedish kolm was similarly purified. Common lead was crystallised as nitrate 
and as chloride. Analysis of the lead chloride was effected by comparison with silver. 
Weights are in vacuum. 

In a later investigation (ibid., p. 2785) lead was obtained from Katanga pitchblende 
by extracting the yellow secondary product with hydrochloric acid, and then the lead 
in the primary pitchblende was obtained. Both samples were purified in essentially the 
manner already described. For comparison a new determination with the Bedford sample 
was carried out as well as two with common lead. For convenience analyses with the same 
sample are grouped together. 


OnOCOMmt>> 


The Atomic Weight of Lead. 
Sample. Wt. of PbCl,. Wt. of Ag. Ratio PbCl,:2Ag. At. Wt. of Pb. 
Common 2°47843 192274 1-28901 207-203 
2°80252 2°17405 1:28908 207°218 
2°56818 199234 128903 207-207 
4°34481 3°37050 1:28907 207°216 
Average 1°28905 207°211 


Kolm Cyrtolite 3°42063 2°66515 1-28347 206-007* 
0°99965 0°77906 128315 205-938 

099219 0°77325 1:28314 205-936 

0°76907 0°59946 128294 205-893 

0°73596 0°57358 1°28310 205°928 

0°59044 0°46015 1-28315 205-938 

Average 1°28310 205°927 

Katanga Pitchblende 2°62575 2°04615 1°28326 205-962 
extract 3°75342 2°92474 1°28333 205°977 
3°28327 2°55867 1-28327 205-964 

3°19222 2°48745 128333 205°977 

Average 1-°28330 205-970 

Katanga Pitchblende 457229 3°56261 1°28341 205°995 
6°20083 4°83143 1°28344 206-001 

4°45460 3°47094 1-28340 205-992 

Average 1°28342 205-996 

* Baxter and Bliss found 206-013 (J. Amer. Chem. Soc., 1930, 52, 4848). 












Wt. of 
PbCl,. 
411815 
411159 
3°53084 
4°91028 
2°99549 






Wt. of 
PbCl,. 
3°53584 
2°90725 
3°58682 
2°95643 
3°33674 
3°81379 
3°40612 
2°91617 
2°56153 
2°62269 





2°70844 
2°73861 
2°91250 
5°67156 
6°13816 
5°58752 
6°93922 





2°81263 
3°08813 
4°90560 








NO  ccceese 






Ag.  PbCl,:2Ag. of Pb. 
319483 128900 207-202 
318947 128911 = 207-225 
2°73927 1:28897 —-207°196 
380923 «128905 207-211 
232378  1:28906 207-214 


Wt. of Ratio 
Ag. PbCl, : 2Ag. 
2°75474 1-28355 
2°26502 1-28354 
2°79436 1-28359 
2°30324 1:28360 
2°59956 1°28358 
2°97121 1:28358 
2°65356 1:28360 
2°27187 1-28360 
1-99561 1-28358 
2°04323 1-28360 
Average 1°28358 


2-11006 
2°11361 
2°26912 
4°41839 
4°78194 
4°35310 


Average 


2°19143 
2°40591 
3°82191 
Average 


1 +2. 


saeee 1:00714 


Density. 





128358 
1°28355 
128354 
128363 
1°28361 
128359 


1-28358 


1°28347 
128356 
1°28355 
128353 


Common, 
Wt. of Ratio At. Wt. 


Morogoro Uraninite. 


At. Wt. 
of Pb. 
206°024 
206°023 
206°034 
206°035 
206-031 
206°032 
206°035 
206°035 
206-032 
206°036 
206°032 


Katanga Curite. 


206-032 
206-026 
206°022 
206-041 
206-038 
206-030 


206031 


206-007 
206-027 
206°024 
206-020 


Wt. of Wt. of 
PbCl,. Ag. 

3°90714 3°03113 
3°35776 2°60494 
5°13712 3°98519 
5°64511 4°37935 
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HGnigschmid, Sachtleben, and Baudrexler (Z. anorg. Chem., 1933, 214, 104) also have 
worked with lead samples obtained from uranium ores. 
and analysis seem to have followed closely those outlined above. 


The procedures of purification 


Ratio 


PbCl, : 2Ag. 


1:28900 
1:28900 
128905 
1-28903 


Average 128903 


Wt. of Ratio 
AgCl. PbCI, : 2AgCl. 
3°66003 0-966069 
300924 0:966108 
3°71286 0:966053 
306012 0-966116 
3°45379 0-966110 
3°94773 0:966072 
3°52564 0-966100 
301854 0:966086 
2°71481 0-966068 
Average 0°966086 


6°35368 


7°18385 
Average 


Hydrochloric Acid Extract of Katanga Pitchblende. 


507791 
Average 


experiments, the isothermals were found to be straight lines. 


plotted against log T gave straight lines, the value of 1 + % for SO, was found 1a extra- 
polation from the values at 30° and 50°, 1-01681 and 1-01340 respectively, to be 1-0249. 
Molecular and atomic weights are calculated from these values and mean values of the 


0°966079 


0°966044 
0°966062 





0°966067 
0°966067 


It is interesting that both groups of investigators find common lead to have the atomic 
weight 207-21, a value 0-01 unit lower than that in the International table. 

Cawood and Patterson (J., 1933, 619) have determined experimentally the compres- 
sibilities of ethylene, carbon dioxide, nitrous oxide, sulphur dioxide, and methyl ether at 


pressures between 1 and 3 metres and at various temperatures. Within the boom of the 


Since log 
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At. Wt. 
of Pb. 
207°202 
207°200 
207-212 
207-207 
207°208 














At. Wt. 
of Pb. 
206°033 
206-044 
206-028 
206-046 
206-045 
206-034 
206-042 
206038 


206°033 
206°038 













206-036 


206-026 
206°031 











206-032 
206-032 
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when 













Observers. 


1°42896 Baxter and Starkeweather 
1-2606 Leduc, Stahrfoss, Batuecas, Stock, 28°051 


and Ritfer 


Mol. wt. 
32-000 


1-9767 Leduc, Rayleigh, Guye, Guye and 44:014 
Pintza 
2°9265 Jacquerod and Scheuer, Baume, 64-004 
Cooper, and Maas 
1:9777 Leduc, Rayleigh, Guye and Pintza, 44°016 
2°1100 Baume, Maas, and Russell 





46-003 









C= 12:010 
C= 12-014 
S = 32:00 
N = 14-008 
C = 11°98 
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TANTALUM and Nioprum.—Aston (Nature, 1932, 130, 130), using the mass spectro- 
graph, finds tantalum and niobium to be probably simple elements with the atomic weights 
180-89 and 92-90 respectively. The large differences between these values and those in 
the table indicate the advisability of obtaining further estimations of the atomic weight 
of Ta and Nb by chemical methods. 


G. P. BAXTER, Chairman. 
Mme. P. CURIE. P. LEBEAU. 
O. HONIGSCHMID. R. J. MEYER. 





ATOMIC WEIGHTS, 1934. 


Aluminium 
Antimony 
Argon 
Arsenic 


Beryllium 
Bismuth 
Boron 
Bromine 


Chromium 
Cobalt 


Copper 
Dysprosium 


Fluorine 
Gadolinium 


Lutecium 
Magnesium 
Manganese 
Mercury 
Molybdenum 


At 


13 
51 
18 
33 
56 

q 
83 

5 
35 
48 
55 
20 

6 
58 
17 
24 
27 
29 
66 
68 
63 

9 
64 
31 
32 
79 
72 

2 
67 

1 
49 
53 
77 
26 
36 
57 
82 

3 
71 
12 
25 
80 
42 


No. 


At. wt. 


26-97 
121-76 
39-944 
74-91 
137-36 
9-02 
209-00 
10-82 
79-916 
112-41 
132-91 
40-08 
12-00 
140-13 
35-457 
52-01 
58-94 
63-57 
162-46 
167-64 
152-0 
19-00 
157-3 
69-72 
72-60 
197-2 
178-6 
4-002 
163-5 


1-0078 


114-76 
126-92 
193-1 
55-84 
83-7 
138-92 
207-22 
6-940 
175-0 
24-32 - 
54-93 
200-61 
96-0 


Nickel 

Niobium 
(Columbium) 

Nitrogen 


Palladium 
Phosphorus 
Platinum 
Potassium 


Ytterbium 
Yttrium 
Zinc 
Zirconium 
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113. Synthetical Experiments in the Chromone Group. Part XI. 
Synthesis of isoFlavone. 


By Prem C. Josut and KRISHNASAMI VENKATARAMAN. 


2-PHENYLACETYL-1-NAPHTHOL and 1-phenylacetyl-2-naphthol do not react with ethyl 
formate and sodium (Cheema and Venkataraman, J., 1932, 918; Chadha, Mahal, and 
Venkataraman, J., 1933, 1459). Minute amounts of isoflavone derivatives, however, 
have been obtained by Spath and Lederer (Ber., 1930, 63, 743) and Wessely, Kornfeld, 
and Lechner (Ber., 1933, 66, 685) from o-hydroxyphenyl benzyl ketones by a procedure 
involving the use of sealed tubes. We have now studied the reaction under ordinary 
conditions. The interaction of o-hydroxyphenyl benzyl ketone itself (I; R= R’ = H), 
ethyl formate, and sodium gave isoflavone (II). 


OH /\cH HO’ \/?\cPh 
CO-CH,< YR’ APh AK __ NOs 
(I.) CO (II.) CO (III.) 


2:4-Dihydroxyphenyl 4-nitrobenzyl ketone (I; R=OH, R’=NO,) was obtained 
by the Hoesch method from resorcinol and f-nitrophenylacetonitrile (contrast Yamashita, 
Sci. Rep. Tohoku Imp. Univ., 1929, 18, 615) and converted into 7-hydroxy-2-phenyl-3-p- 
nitrophenylchromone (III). 

By the Hoesch reaction #-nitrophenylacetonitrile and m-methoxyphenol yielded 2- 
hydroxy-4-methoxyphenyl 4-nitrobenzyl ketone (I; R= OMe, R’ = NO,) and 4-Aydroxy- 
2-methoxyphenyl 4-nitrobenzyl ketone, which were separated by means of their different 
solubility in caustic soda solution. The former did not react with ethyl formate. 


EXPERIMENTAL. 


isoFlavone (II).—A mixture of o-hydroxyphenyl benzyl ketone (2 g.), sodium dust (1 g.), 
and ethyl formate (20 g.) was kept for 40 hours and then shaken with ice and ether. The 
ethereal solution was washed with water and dried (magnesium sulphate), ether and ethyl 
formate removed on the water-bath, and the residual oil, after solidifying, crystallised from 
alcohol; colourless needles (0-8 g.), m. p. 142°, were obtained (Found: C, 81-2; H, 4-5. 
C,5H yO, requires C, 81-1; H, 45%). Recrystallisation from light petroleum (b. p. 50—60°) 
gave a mixture of leaflets and needles, m. p. 148°. The substance was unaffected by boiling 
acetic anhydride or cold concentrated sulphuric acid. Its colourless solution in sulphuric acid 
had a weak blue fluorescence which slowly became bright blue. The colourless solution in 
alcohol gave no coloration with ferric chloride or with magnesium and hydrochloric acid. A 
drop of sulphuric acid added to the colourless solution in boiling glacial acetic acid did not 
produce a colour. 

2:4-Dihydroxyphenyl 4-Nitrobenzyl Ketone (I; R= OH, R’ = NO,).—Dry hydrogen 
chloride was passed for 4 hours into a mixture of p-nitrophenylacetonitrile (8-6 g.), resorcinol 
(7 g.), fused zinc chloride (2 g.), and dry ether (50 c.c.) at 0°. After 2 days the ether was de- 
canted and the red residue was washed with ether, boiled with water for 1 hour and cooled; 
the product crystallised from alcohol in stout colourless needles (5 g.), m. p. 210° (Found: N, 
5-4. C,,H,,0;N requires N, 5-2%). An alcoholic solution gave a deep blue colour with ferric 
chloride. The 2 : 4-dinitrophenylhydrazone crystallised from quinoline—light petroleum in orange 
needles, m. p. 238° (Found: N, 15-5. C,9H,,0,N, requires N, 15:-4%). The chromone (III), 
obtained in the usual manner, crystallised from acetone in yellow needles, m. p. 301° (Found : 
N, 4:0. C,,H,,0;N requires N, 3-9%). The dibenzyl ether of the ketone was produced when 
the ketone (4 g.), benzyl chloride (6-6 g.), fused potassium carbonate (6-3 g.), and acetone (25 
c.c.) were refluxed for 8 hours. The mixture was poured into water and steam-distilled to 
remove benzyl chloride. The residual solid was dissolved in alcohol-acetic acid: a small 
amount of yellow needles, m. p. 193°, separated first (Found, micro. : “N, 10-1%) and then, 
after concentration of the filtrate, the dibenzyl ether, which, thrice crystallised from benzene— 
light petroleum, formed colourless needles, m. p. 121° (Found: N, 2-9. C,,H,,;0;N requires N, 
30%); neither product gave a ferric chloride reaction. 
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4-Hydroxy-2-methoxy- and 2-Hydroxy-4-methoxy-phenyl 4-Nitrobenzyl Ketones.—Dry hydrogen 
chloride was rapidly passed into an ice-cooled mixture of -nitrophenylacetonitrile (5 g.), 
resorcinol monomethyl ether (3-8 g.), zinc chloride (1 g.), and dry ether (20 c.c.) for 4 hours. 
After 48 hours, the ethereal layer was decanted, and the orange residue boiled with water for 
1 hour. The solid which separated on cooling was dissolved in alcohol and mixed with ether, 
the mixture washed with brine, and the ethereal layer extracted with 5% sodium carbonate 
solution and then with cold 1% caustic soda solution. Acidification of the alkaline layer and 
crystallisation from alcohol gave colourless needles of the 2-methoxy-4-hydroxy-ketone, m. p. 
149—150° after sintering at 130° (Found: N, 5-0. C,,;H,,0,;N requires N, 4-9%), an alcoholic 
solution of which gave no colour with ferric chloride. The 2 : 4-dinitrophenylhydrazone crystal- 
lised from alcohol—chloroform in orange-red needles, m. p. 229° (Found: N, 14-8. C,,H,,0O,N, 
requires N, 15-0%). The ethereal extract was dried, the ether removed, and the yellow crystal- 
line residue recrystallised from aqueous alcohol, giving the 2-hydroxy-4-methoxy-ketone in 
almost colourless needles (0-8 g.), m. p. 136° (Found: N, 5-1%), an alcoholic solution of which 
gave a deep blue coloration with ferric chloride. The 2 : 4-dinitrophenylhydrazone crystallised 
from acetic acid in orange-red needles, m. p. 232° (Found: N, 15-2%). 

a-Naphthyl p-Nitrophenylacetate.—A mixture of p-nitrophenylacetic acid (2 g.), «-naphthol 
(1-5 g.), and phosphorus oxychloride (5 g.) was heated at 110—120° for 1 hour, the product 
poured into water, and the yellow solid crystallised from acetic acid. The yellow prismatic 
needles obtained, m. p. 152°, did not yield a dinitrophenylhydrazone and gave no coloration 
with alcoholic ferric chloride (Found: N, 4:7. C,,H,,0,N requires N, 4-5%). The substance 
exists in dimorphic forms, as crystallisation from alcohol gives pale yellow, elongated plates, 
m. p. 146° (Found: N, 4-5%). > 


ForMAN CHRISTIAN COLLEGE, LAHORE. [Received, December 28th, 1933.] 





114. The Isotherms of Some Ternary Systems of Metal Perchlorates 
in Aqueous Solution at 30°. 


By RosBert M. CAVEN and GEORGE BRYCE. 


A NUMBER of double perchlorates have been reported by Weinland and Ensgraber (Z. 
anorg. Chem., 1913, 84, 340), who claim to have obtained the double salts by evaporating 
in a vacuum over sulphuric acid at room temperature mixed aqueous solutions of the 
simple salts in equimolecular proportions. In each case the crystals were analysed, but 
no further investigation was carried out. It seemed desirable, therefore, to investigate 
these supposed double salts. Moreover, since perchlorate and sulphate ions resemble 
each other in structure but differ in valency, an analogy might be sought between the double 
perchlorates and double sulphates. Weinland and Ensgraber, indeed, attribute to sodium 
aluminium perchlorate a formula analogous to that of the corresponding alum. 


EXPERIMENTAL. 


The thermostatic, stirring, and sampling arrangements have been previously described 
(Caven, J., 1932, 2417). The various mixtures of salts and water were usually agitated for 
3 or 4 days before being allowed to settle; portions were then taken for analysis. The bottle 
was sealed again, and rotated for a further day or two before another sample was taken to prove 
equilibrium. 

System NH,CI1O,-Al(C1O,);,-H,O.—The ammonium perchlorate was prepared from synthetic 
ammonia and A.R. perchloric acid, recrystallised from water, dried, and analysed (Found : 
NH;, 14-43. Calc.: NHs, 14-49%). The aluminium salt was prepared by dissolving 12-2 g. 
of AICl;,6H,O in 93 g. of 19% perchloric acid, and heating the mixture on the water-bath until 
free from chloride. The solution gave long, rectangular crystals on evaporation in a vacuum 
over sulphuric acid. These were filtered off with suction, washed with a very little water, and 
dried on a porous plate in a vacuum over sulphuric acid. Samples were taken for analysis after 
twelve days (Found: ClO,: Al = 11-00. Calc.: 11-06). 

[Since the molecular proportion of water in this salt, and in the cupric perchlorate described 
later, is well known, no attempt was made to obtain these salts definitely hydrated.) 
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Analysis, The aluminium was precipitated by ammonia with methyl-red as indicator, 
and weighed as oxide, after ignition in platinum over a blast lamp. The total perchlorate was 
estimated in dilute solution by titration with sodium hydroxide at the boiling point, with 
phenolphthalein as indicator, a method similar to that first used for aluminium sulphate by 
Schmatolla (Ber., 1905, 38, 987), and improved by Britton (J., 1922, 121, 982). Ammonium 
perchlorate was estimated by distilling with alkali and collecting displaced ammonia in standard 
acid. 

System NaClO,-Al(C1O,),-H,O.—Analysis of dehydrated sodium salt: Found, Na, 18-91 
(Calc.: Na, 18-77%). As before, the aluminium in the liquid phase was determined as oxide. 
After the method had been proved valid, the sodium was precipitated directly in presence of 
aluminium as sodium magnesium uranyl] acetate (Caley and Foulk, J. Amer. Chem. Soc., 1929, 
51, 1664; Caley and Sickman, ibid., 1930, 52, 4247). The precipitate was washed with a 
measured volume of alcohol, dried for 30—40 mins. at 105°, and weighed. 

System KCI1O,—Al(C1O,),-H,O.—A sample of potassium perchlorate was obtained which 
was proved free from chloride and chlorate. Before use, however, it was thrice recrystallised 
from water. For analysis of the liquid phase a sample was evaporated to dryness on the water- 
bath, a suitable volume of alcoholic perchloric acid (1 c.c. of 19% acid to 100 c.c. of 95% alcohol) 
was added, and the crystals thoroughly stirred with the liquid. After some time the residue 
of potassium perchlorate was collected on a tared Gooch crucible, washed with alcohol, dried 
at 120°, and weighed. The filtrate, containing the aluminium, was evaporated to dryness on 
the water-bath, the residue dissolved in water, and the aluminium in a portion of the solution 
estimated as oxide. 

System NH,C1O,-Cu(Cl0,),-H,0O.—Electrolytic copper foil was dissolved in the minimum 
quantity of nitric acid, and copper perchlorate formed by repeated evaporation with 60% 
perchloric acid. The deep blue salt was finally crystallised from 1% perchloric acid, washed 
with a very little cold water, dried after crushing on a porous plate, and analysed (Found : 
ClO, : Cu = 3-139. Calc.: 3-128). 

The copper was estimated iodometrically, and the perchlorate determined by precipitating 
the copper by hydrogen sulphide, filtering off the sulphide, and titrating the acid in the filtrate. 
In the liquid phases ammonium perchlorate was estimated by distilling ammonia into excess 
of standard acid, and copper iodometrically. 

The point at which the solid phase contained ammonium perchlorate and copper perchlorate 
hexahydrate was found by adding ammonium perchlorate crystals to saturated copper per- 
chlorate solution in presence of excess of the solid salt, until no more would dissolve. The 
solid phase was examined and found to be a mixture. 

Thorium Perchloraie.—Pure thoria was prepared from the hydrated sulphate through the 
iodate, since direct precipitation with ammonia gave a product contaminated with sulphate. 
The thoria was dissolved in an equivalent of 19% perchloric acid, and the solution evaporated 
in a vacuum over sulphuric acid. A thick syrup resulted, which after a long time yielded 
striated crystals, and not the soapy mass reported by Cleve (Bull. Soc. chim., 1878, 29, 492). 
The salt was extremely deliquescent. No system was investigated as in the previous cases; 
but it was shown that ammonium perchlorate crystallises when mixed solutions containing 
ammonium and thorium perchlorates in various proportions are evaporated in a vacuum over 
sulphuric acid at room temperature. 


Results, expressed as g. of anhydrous salt per 100 g. of water. 





System NH,CIO,-Al(ClO,),-H,O at 30° (Fig. 1). System NaClO,-Al(ClO,),-H,O at 30° (Fig. 2). 
NH,CIQ,. AK(CIO,)5. Solid phase. NaCl0,. Al(C10,)s. Solid phase. 
28-00 me Caray 215-0 ba 
25-03 313 135-4 27°76 
23-10 5-25 116-6 37°30) NaClO,,H,O 
18-66 9°77 100-7 45°59 
15°12 1409 ) NH,CIO, 50°64 72-46 
13°15 17-47 43°84 7626 ~° NaClO,H,O and 
10°47 22°90 Al(C1O,), aq. 
8:59 26-19 30-02 83-87 
2:36 55°69 “a 110°1 Al(C10,)s aq. 
0-91 107°7 NH,CIO, and 
A\(Ci0,); aq. 


— 110°1 Al(CIO,); aq. 
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System KC1O,—Al(C1O,),-H,O Calculated solubility products for the system 
at 30° (Fig. 3). KCI1O,-Al(C1O,),;—H,O aé 30° (Fig. 3). 
KCIO,.  Al(ClO,);. KCIO,. Al(ClO,)s. KCIO,. Al(ClO,y)s. KCIO,. Al(ClO,)s. 
2°528 - 1-028 4°956 2°528 — 0:500 9°610 
1-462 2°652 0°7041 8158 2-000 0°936 0-200 24°86 
1°357 3°043 0°2115 34°56 1-300 2-830 0°100 49°94 
Solid phase : KCIO, throughout. 1-000 4°220 


Solid phase : KCIO, throughout. 
System NH,C1O,-Cu(ClO,),—H,O aé 30° (Fig. 1). 


NH,CI1O,. Cu(C1O,)s. Solid phase. 

28°00 — 

17°99 14°89 

14:28 22°51 

11°42 30°00 NH,CIO, 

10°13 34°04 
5-322 58°12 
3°059 90°93 
2-075 141°0 NH,CIO, and Cu(ClO,),,6H,O 
— 141°6 Cu(ClO,),,6H,O 

Fic. 1. 
30 





s—x—x System NM, C10, -AL(CLOg)3-Hy0 at 30° 
o--0--o5ystem NHy C10 -Cu(Cl Og), -Hy0 at 30° 
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Conclusions.—In none of the cases examined does the isotherm show a double-salt 
curve. In each case, when aluminium or copper perchlorate is added to saturated alkali 
perchlorate solution at 30° the alkali perchlorateis precipitated. Ammonium and potassium 
perchlorates are but slightly soluble in concentrated aluminium or copper perchlorate 
solution; but, as might be expected, sodium perchlorate is somewhat more soluble. The 
curves have been plotted for 30°, but their nature is such as to make double-salt formation 
unlikely over a range of temperature on either side of 30°. In the case of the system 
potassium and aluminium perchlorates a theoretical solubility curve is shown for com- 
parison with that obtained experimentally. The value [K*][C1O,'} in presence of aluminium 
perchlorate has been calculated from the value found for the solubility of potassium per- 
chlorate at 30°, complete ionic dissociation of both salts being assumed. Notwithstanding 
the solubilities of the salts concerned, and the influence of interionic attraction, the theo- 
retical and the experimental curve are fairly close over a considerable range, and this shows 
the antithesis of double-salt formation. 

In a double perchlorate, twice as many perchlorate groups would be required as the 
corresponding sulphate would require sulphate groups. Thus, lack of space, even with 
the quadrivalent thorium ion, may account for the non-formation of double perchlorates, 
while so many double sulphates are known. 
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SUMMARY. 


The isotherms for the systems NH,(Na,K)C1O,-Al(C1O,),-H,O and NH,C1O,-Cu(C10,).— 
H,0 at 30° have been obtained. There is no evidence of Weinland and Ensgraber’s double 
perchlorates, and no double-salt formation has been observed in the case of ammonium 
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and cupric perchlorates at this temperature, or ammonium and thorium perchlorates at 
room temperature. It appears probable, therefore, that no double perchlorates are formed 
by alkali perchlorates and the perchlorates of bi-, ter-, and quadri-valent metals. 


One of us (G. B.) thanks the Governors of the Royal Technical College for a Research Assistant- 
ship which has enabled him to participate in this work. 
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115. The Absorption Spectra of Cobalt Halide Solutions. 
By Roy J. MACWALTER and SIDNEY BARRATT. 


THE change in colour of solutions of cobalt chloride from red to blue under the action of 
heat and various agents is well known, and analogous changes take place in other cobalt 
halides. The phenomenon, first observed by von Babo (Jahresber., 1857, 72), was attributed 
by him to dehydration, and this view was accepted in modified forms by Gladstone (Phil. 
Mag., 1857, 14, 418; J., 1858, 10, 79), Hartley (Proc. Roy. Soc., 1874, 22, A, 241; Trans. 
Roy. Soc. Dublin, 1901, 7, 253), and Russell (Proc. Roy. Soc., 1880, 31, A, 51, 81) in spectro- 
scopic investigations. Measurements on the solubility of cobalt chloride in hydrochloric 
acid led Engel (Bull. Soc. chim., 1892, 6, 239) and Sabatier (Compt. rend., 1888, 107, 42) 
to postulate a complex compound as the blue chromophore. 

More recently, Donnan and Bassett (J., 1902, 81, 939) examined the problem electro- 
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chemically and observed that the red colour moved towards the cathode, and the blue 
towards the anode. They concluded that while the red substance was characteristic of 
simple cobalt ions, the blue consisted of.a complex anion of the form CoCl,’ or CoCl,”. 
The blue solutions in organic solvents were brought into line with this theory, and the 
experiments were supported by conductivity experiments (Bein, Z. physikal. Chem., 1898, 
27, 1; Denham, ibid., 1909, 65, 641) and ebullioscopic and cryoscopic determinations. 
Moore (ibid., 1906, 55, 641), from a spectroscopic study, adopted the complex-ion theory, 
while Jones and his collaborators (Carnegie Inst. Publ., Nos. 60, 130, 260; Amer. Chem. 
J., 1907, 37, 126) put forward the view that these solutions formed a continuous series of 
loose hydrates, the lower members of which were blue. Lewis (Z. Physik, 1905, 57, 224) 
gave a somewhat similar explanation, though he incorporated the theory of Donnan and 
Bassett. Houston (Proc. Roy. Soc. Edin., 1911, 31, 512; 1912, 32, 56; 1913, 33, 137) 
made the first quantitative attempt on the spectroscopic side of the problem, but his de- 
ductions were shown by Jones to be unsound. Hantzsch and Shibata (Z. anorg. Chem., 
1911, 73, 309) postulated that cobalt in an unsaturated co-ordination state was blue, 
but in the saturated state it was red. 

Within the last few years renewed interest has been taken in the problem. Hill and 
Howell (Phil. Mag., 1924, 48, 833; see also Howell, J., 1927, 158, 2039, 2843; 1929, 162) 
compared the spectra of cobalt halide solutions with those of cobalt pigments, and con- 
cluded that the system was blue or red accordingly as the cobalt atom was surrounded 
by 4or 6 groups. This theory may be applied to aqueous solutions by assuming that the 
surrounding groups are water molecules. Grdh and Schmidt (Z. anorg. Chem., 1925, 
146, 305; 1927, 162, 321) determined the increase of the absorption maximum of acetone 
solutions of cobalt chloride on the addition of lithium chloride and explained their results 
in terms of the complex-ion theory of Donnan and Bassett. If the reaction 2CoCl, = 
CoCl,” + Co” has attained completion in acetone, the intensity of the blue colour should 
be doubled on the addition of 2 mols. of lithium chloride per atom of cobalt. This has been 
confirmed experimentally. Hantzsch (Z. anorg. Chem., 1927, 159, 273) has contended, 
however, that pyridine solutions of cobalt chloride have a poor conductivity, while on 
Groh’s arguments the salt should be completely ionised; he postulated the existence 
of pseudo-salts of the type Py,CoCl,. Rohde and Vogt (Z. physikal. Chem., 1932, B, 15, 
353) from an examination of the spectrum of pyridine solutions of cobalt chloride at various 
temperatures agree with Hantzsch. Brode (Proc. Roy. Soc., 1928, 118, A, 286; Brode 
and Morton, ibid., 1928, 120, A, 21; J. Amer. Chem. Soc., 1931, 53, 2547) dealt analytically 
with the red absorption bands of solutions of cobalt halides in their corresponding acids, 
and showed that in each case the band may be resolved into six components whose frequen- 
cies and fundamentals are dependent on the nature of the anion. His study included 
organic solvents and he suggested that the alcoholic solutions are an intermediate stage 
between those in pyridine and quinoline and those in halogen acids. Bassett (J., 1930, 
1784), from a phase-rule study of cobalt halide solutions, suggested that the red solutions 
contain a number of differently hydrated cations, and the blue solutions hydrated anions. 

The present work has been concerned with spectrophotometric measurements on cobalt 
halides with a view to establish the extent to which the conversion into the blue phase 
can proceed. 





EXPERIMENTAL. 


The Judd Lewis sector spectrophotometer was used in conjunction. with a Hilger constant- 
deviation glass spectograph. The source of light was a 500 c.p. “‘ Pointolite ” lamp, which gave 
greater steadiness than a condensed spark. This source introduced a serious difficulty in measur- 
ing the resultant photograph, since points of equal density on continuous spectra are more 
difficult to match than with a line spectrum. However, two methods were devised for this 
purpose, of which one is now described briefly, full details being given elsewhere (J. Sci. Insir., 
1933, 10, 312). 

The introduction of an interferometer before the slit of the spectrophotometer caused the 
continuous spectrum to be crossed by a series of dark interference fringes, whose separation 
could be varied by adjusting the distance apart of the two half-silvered mirrors composing the 
interferometer. In this way, the reading of the match points was made comparable in ease 
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with that of a line source, and possessed the advantage of both uniformity of intensity and 
distribution. 

Special attention was paid to the photographic technique. The accuracy of the determin- 
ation of match-points is largely determined by the contrast of the final negative. This was 
especially necessary in using the interference fringes since the edges of the fringe are normally 
not sharp. The photographic plate was chosen from the varieties giving the best contrast, 
and developed in a quinol—potassium hydroxide developer which gives great contrast. This 
factor is further increased by long development (54 minutes), which also reduces the chance 
of unevenness in this process. The resulting plate, after being fixed and washed, was reduced 
in Farmer’s reducer, the contrast being again enhanced. Subsequent intensification with a 
mercury-silver intensifier improved the accuracy still further. After this treatment the fringes 
were as Clearly defined as spectral lines. 

Hilger’s new type of Baly tube, fitted with a micrometer adjustment, served as an absorption 
cell. For experiments at higher temperatures, it was placed in a double-walled jacket, and 
water maintained at the appropriate temperature was circulated through it by a rapid pump. 
All connexions to the jacket were made with flexible metal tubing, and the pump was mounted 
on a separate bench to avoid vibration of the photometer. For temperatures above 80° an 
electric furnace was used. 

The cobalt chloride was free from nickel, and initial experiments showed that no recrystallis- 
ation was necessary. A saturated solution in laboratory distilled water was prepared, and stored 
in a large flask suspended in a thermostat at 21°. The solutions were made by diluting weighed 
samples of this stock solution to a known volume. The concentration of the stock solution 
was found to be constant during several months. 

At higher temperatures than that of the room, each solution prepared by the above method 
was heated to the required temperature in a closed vessel for at least an hour before filling the 
cell. The maximum changes in density of these solutions over the whole range were found 
to be considerably less than the experimental error. For solutions more concentrated than the 
stock solutions, an appropriate amount of solid was added to the solution, heated to the required 
temperature, and the concentration of a sample measured. 

The concentration of the salt was determined by electrolysis from ammoniacal solution 
on a rotating platinum cathode. 

I. Cobalt Chloride Solutions.—(a) Aqueous solutions, From an examination of Hill and 
Howell’s absorption curves of cobalt pigments (Joc. cit.) it appeared that the absorption bands 
characteristic of the two entities (red and blue) overlap only over a small range of wave-lengths. 
In these circumstances it appeared practicable to observe the disappearance of the red substance 
on heating solutions of cobalt chloride by measurements on that part of the absorption band 
where absorption characteristic of the blue phase did not interfere, and thence to calculate 
equilibrium data for the reaction. 

To this end, the absorption curves of red solutions of cobalt chloride were measured over 
a range of concentration from 0-220 to 3-41M (saturated solution) at 20° in order to determine 
the extent of deviation of the red form from Beer’s law. In Table I the molecular extinction 
coefficients (log I,/I)/ic are given for this range at three wave-lengths. 


TABLE I. 
ee cccccectnebenes 0:220 0-655 1-008 1:385 2°38 3°41 
Re eae 5°35 5°35 5:80 5°80 7°30 8°50 
SPE. shencevbiesvees 4°50 4°50 4°60 4°60 5°30 6°30 
4600 A. .......ccccceee 3°30 3°30 3°80 3°40 4:10 4°23 


In the most concentrated solutions examined, the blue form was entirely absent, as indicated 
by the absence of a band in the red region of the spectrum, but a definite increase in the deviation 
from Beer’s law was noticeable above a concentration of 1-4M. 

These measurements were repeated at 40°, 60° and 80°, the concentration range being 
increased to include the maximum concentration at each temperature. For solutions which 
did not show the band of the blue form, the molecular extinction coefficient increased with 
concentration in the same manner as at 20°. In each case the curve of molecular extinction 
coefficient—concentration showed a change of direction in the region of 1—1-4M, and it is possible 
that at this point there is a change in the hydration of the cobalt ion responsible for the absorp- 
tion band. 

At the higher temperatures, in cases where the blue form had been produced, the molecular 
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extinction coefficient was lower than that obtained by extrapolating the curve for the pure red 
solutions to the concentration under consideration. It was therefore possible to estimate the 
amount of the red form which had disappeared. When, however, this method was applied 
to solutions at 80° and 97°, where a high concentration of blue form was present, it was realised 
that the results were meaningless; at the higher concentrations at these temperatures, the 
molecular extinction coefficient of a point on the more refrangible side of the band characteristic 
of the red form decreased with increase of concentration, passing through a minimum and 
finally reaching a value greater than that which would be expected were the solution entirely 
in the red form. It is therefore evident that the band from the blue form overlaps that from 
the red over its entire span. In solutions where the colour change had proceeded to only a 
small extent the effect of this overlapping would be negligible if the absorption of the blue 
form at the wave-length considered (4800 A. and 4600 A.) were small. At concentrations and 
temperatures where the blue form is in greater concentration, the effect is greater, and a point 
is reached where the band produced by the red form is weaker than the general absorption 
of the blue form. 

Since it was thus impossible to follow the reaction by examining the blue-green band, the 
absorption in the red region caused by the blue form was considered. The absorption of this 
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band was followed in a solution saturated at 90° at temperatures up to 110°. Two wave- 
lengths were chosen, 5900 A. and 6000 A., where absorption by the red form would be so low 
as to be negligible, and the extinction coefficients at these points were determined (Table II). 
The points at lower temperatures, 60° and 80°, were obtained by considering the absorption 
of the most concentrated solutions used at these temperatures. The results indicated the growth 


TABLE II. 
I csciniethiceicienrtninaneteiaate 80° 97° 100° 110° 


P 
Extinction at 5900 A. . 0:90 1°45 3°28 3°28 
Extinction at 6000 A. . 1-28 2-03 6°53 6°53 


of the blue form with temperature to the maximum value reached at 100°. It was now necessary 
to find the concentration of blue form corresponding with this value, which involved the deter- 
mination of the extinction coefficient of pure blue cobalt chloride. 

The theories of the colour change would each postulate that in hydrochloric acid solutions 
the salt is present entirely in the blue form. A solution of convenient concentration was there- 
fore prepared in constant-boiling acid. The molecular extinction coefficient of this solution 
appeared to be independent of the amount of acid present, so the reaction had evidently pro- 
ceeded to completion. The results are plotted in Fig. 1, the curve for an aqueous solution 
at 110° being shown in the same diagram. It can be seen that above 6000 A. the ordinates 
of the curve for the acid solution are approximately double those for the aqueous solution. 

Unfortunately, it was impossible to complete the curve for concentrated aqueous solutions 
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at 110° since a cell length suitable for measurements of the high extinctions could not be obtained 
with greater accuracy than 50%. The points which were obtained may be in error to the extent 
of 10%, since at these concentrations an unknown error is introduced when the solutions (at 
ordinary temperatures almost completely solid) were poured into the absorption cell, evapor- 
ation and crystallisation being the chief causes. The results lend support to the view that 
aqueous solutions contain a maximum of 50% “‘ blue phase ”’ of cobalt chloride. 

An attempt was then made to determine whether in other solvents in the absence of added 
chloride ions the equilibrium ever proceeded beyond 50%. 

(b) Alcoholic solutions. The work of Groéh and Schmidt (/oc. cit.) confirms the theory in 
such a striking manner that some amplification seemed desirable. The alcoholic solution was 
0-01M, and Fig. 2 (Curve I) shows the absorption curve obtained. The value of the maximum 
is considerably lower than in the case of the ethyl-alcoholic solutions used by Gréh, but this 
is explained by his theory that in ethyl alcohol the reaction 2CoCl, —-> CoC,” + Co” has not 
proceeded to completion. He found that dilution produced wide deviations from Beer’s law. 
Our solution was considerably more dilute than his. 

This solution was now saturated with hydrogen chloride, prepared from sulphuric acid and 
ammonium chloride pellets and dried with phosphoric oxide. Since a change in volume occurred, 
it was necessary to redetermine the concentration before measuring the absorption. The curve 
(Fig. 2, Curve II) is almost identical with r 
that for cobalt chloride in aqueous hydro- ation 
chloric acid, except that the whole band 
has been moved in the direction of lower 
frequencies. This curve confirms Groh’s 
value of 609 for the maximum of absorp- 
tion of the pure blue form. 

(c) Pyridine solutions. A study of the 
work of Brode showed that pyridine and 
quinoline solutions of cobalt chloride 
absorbed as strongly as hydrochloric acid 
solutions. Since this is not in agreement 
with the complex-ion theory, which 
adequately explains the reaction in 
aqueous and in alcoholic solution, a more 00 W. i = 
detailed examination was made. ave -length. 

In a preliminary experiment a solution of cobalt chloride in acetone was prepared (in which 
according to Groh the auto-complex formation has proceeded almost to completion), and to 
this drops of pyridine were added. If Brode’s curves are correct, the solution should become 
twice as blue as before, and observations in a colorimeter appeared to confirm this view. How- 
ever, when a spectrophotometric examination was made, a curve (Fig. 3, Curve I) was obtained 
where the maximum of absorption is only 180, i.e., complex formation had proceeded only a 
little further than with ethyl alcohol. 

The explanation of the results with the colorimeter is now clear. Since the pyridine solution 
of cobalt chloride absorbs nearer the blue region of the spectrum, its effect on the eye is different 
from that of an acetone solution, and it appears to be denser. On the other hand, in spite of 
the fact that pyridine solutions of cobalt chloride fall into line with the complex-ion theory, 
there are some notable differences. All other organic solvents produce absorption curves 
whose maxima lie near 6600 A., but the maximum for pyridine solutions is considerably lower, 
as has been indicated (6070 A.). Furthermore, Hantzsch has shown that the electrical properties 
of these solutions are different from those of solutions in other organic solvents. 

Experiments were then made with redistilled pyridine which had been thoroughly dried 
by standing in contact with freshly heated baryta for several weeks, and then distilled from 
baryta. Inall these experiments, since cobalt chloride is almost completely insoluble in pyridine, 
acetone (dried by standing over calcium chloride) was used as diluent. 

The solution of the dried materials was examined (Fig. 3, Curve II); 1-4% of water was 
now added and the absorption curve redetermined. An increase in absorption had occurred, 
for the curve obtained was coincident with that from undried pyridine (Fig. 3, Curve I). Con- 
tinued addition beyond this point caused no further increase in absorption, and when 4% of 
water had been added definite signs of the red form appeared. This effect is peculiar to the 
pyridine solutions, since normally the addition of water immediately causes the red form to 
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The explanation of this anomalous behaviour may be connected with the formation of a 
complex ion CoCl,(OH),” (see p. 523). It is obvious that any hypotheses based upon colour 
changes in pyridine solution are open to doubt, since these solutions do not undergo the same 
reactions as solutions in other organic solvents. 

Il. Cobalt Bromide Solutions.—A brief examination of cobalt bromide solutions has been 
made to determine whether this salt behaves in a similar manner to the chloride. Grdéh and 
Schmidt’s method for cobalt chloride was employed. Since they had observed that in acetone 
solutions the reaction 2CoCl, —-> CoCl,’’ + Co™ has proceeded to completion, the problem 
consisted in determining the absorption curves of a solution of cobalt chloride in acetone, and 
of the same solution after saturation with hydrogen bromide. The curve obtained closely 
resembled that of cobalt chloride in hydrochloric acid, the maximum absorption coefficient 
being in each case just over 600. The maximum absorption in the absence of hydrobromic acid 
was in the region of 6600 A., and the absorption coefficient was approximately 300. Thus the 
effect of hydrobromic acid on the absorption of cobalt bromide runs parallel to that of hydro- 
chloric acid on cobalt chloride. 

III. Cobalt Fluoride Solutions.—None of the previous investigations in this field has dealt 
with the absorption spectrum of cobalt fluoride. Houston and Brode (/occ. cit.) mentioned that 

no colour change took place in these solu- 

Fic. 4. tions, an observation sufficiently anomal- 

7 = ous to warrant further investigation. 
f ‘ . Brode has indicated that the absorption 

X of the “‘ blue form ”’ moves nearer the red 

f A as the halogen atom becomes heavier, so 
the absorption of the complex ion in the 

Tr fluoride should be nearer the blue than 
; in cobalt chloride solutions, It might in 
these circumstances be superimposed on 
the blue-green absorption band char- 
5 acteristic of the ion of cobalt. If this 
"I . \ were so, no colour change would occur, 

but merely an increase in depth of tint. 
i The cobalt fluoride was prepared by 
heating the carbonate with hydrofluoric 
acid in a lead dish on a water-bath, and 
allowed to crystallise. (Boiling caused 
5000 formation of insoluble oxyfluoride.) A 
Wave-le ngth. dilute solution of this salt in water was 
examined photometrically and a curve 
(Fig. 4, Curve I) similar to that for the other cobalt salts was obtained. At 75°, however, the 
extinction coefficient increases by 35% (Fig. 4, Curve II). By analogy with the aqueous solu- 
tions of cobalt chloride, this would not be expected unless it is assumed that another complex 
has been formed, and that its absorption curve is superimposed on that of the ions present in 
the cold solution. The effect of temperature would then be that the total absorption of the 
ordinary form would decrease, owing to the formation of the new complex, but the final effect 
on the absorption curve would be an increase, since it has been shown in the other cases that 
the extinction coefficient of the “ blue ” complex is much greater than that of the simple ion. 
It thus appears that the effect of temperature on aqueous solutions of cobalt fluoride may be 
analogous to its effect on the chloride, with the exception that the absorption of the “ blue” 
form lies in the same region as that of the “ red ” form. 

The effect in organic solvents. Since cobalt fluoride is almost completely insoluble in most 
organic solvents, the work was restricted, but a solution was prepared in methyl alcohol. In 
this solvent the reaction 2CoX, —-> CoX,” + Co™ has not proceeded very far, so these solutions 
could not be regarded as favourable to complex formation. It was found, however, that 
pyridine could be added to the solution without precipitation, and an absorption curve was 
plotted for this solution. Table III shows that the extinction coefficient has increased far in 
excess of any possible physical variation due to the solvent (pyridine 75%, methyl alcohol 25%). 

The presence of other fluorides. The colour change in cobalt chloride and bromide is effected 
by the addition of other chlorides whose tendency to form complexes is not as great as is that 
of cobalt chloride. Only qualitative experiments could be carried out with cobalt fluoride, 
since those fluorides of other elements which were sufficiently soluble to cause the effect exerted 
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TABLE ITI. 


Extinction coeff. Wave-length. Extinction coeff. Wave-length. Extinction coeff. Wave-length 


6°5 5770; 4310 12°6 5540; 4515 20°0 4660 
8°5 5700; 4400 14°5 5430; 4580 22°75 5270; 4690 
10°5 5580; 4440 17°0 5390; 4580 25°0 5190; 4820 


a solvent action on the glass. It was, however, shown that sodium and potassium fluorides 
produced a darkening in colour in aqueous solutions of cobalt fluoride. On the other hand, 
hydrofluoric acid produced no change. This acid being weak, its concentration of fluoride 
ions is very much smaller than in solutions of the alkali salts. 


DISCUSSION. 


From the above experiments, it appears that the equilibrium Co (red) = Co (blue) 
never exceeds 50% in water, alcohol, acetone, or pyridine in the absence of a common 
ion. It would seem that in each case Donnan and Bassett’s theory satisfactorily explains 
the facts, since, when the reaction has reached completion, only half the cobalt is in the 
form of the blue complex. Addition of a common ion will cause the remainder of the cobalt 
to change to the blue form. However, there is no such limiting condition in equations 
built up on the basis of hydration. 

In all red solutions of cobalt salts, a single band of absorption with a head at 5100 A. 
is produced. The intensity of the band is approximately the same in all cases. The band 
is attributed to the cobalt ion. In the blue solutions of cobalt halides in their correspond- 
ing acids, a complex band appears whose wave-length becomes greater as the weight of 
the anion increases. However, the general form and intensity of the band is the same. 
This would indicate that the absorber contains the anion, but is of the same form in all 
solutions, 7.¢e., a complex ion. 

Solutions of cobalt halides in organic solvents (except pyridine) produce bands ap- 
proximately in the same position as those from aqueous solutions in the corresponding 
halogen acid. This would be expected if the complex ion is formed. The intensities of 
the bands in these solvents and in water are never more than one-half of that of the cor- 
responding band in the halogen acid, in accordance with the relevant scheme. Donnan 
and Bassett’s migration experiments (p. 517) show that the complex is negative. 

Hill and Howell’s theory (see p. 518) embodies the principles of both the complex-ion 
and the hydrate theory, being essentially similar to the former but different in its applic- 
ations. In aqueous solution the assumption would be of two species Co(H,O)," and 
Co(H,O),"—an assumption which we have been unable to verify. However, Howell’s 
physical experiments may be interpreted on the basis of the complex-ion theory. 

The present work has shown that pyridine solutions of cobalt chloride are anomalous, 
as regards both the position of the absorption band and the effect of the addition of water. 
It is possible that in basic solvents the blue colour may be attributed to some absorber 
containing water. The curve is similar in form to that of cobalt chloride in other solvents, 
which leads to the belief that there is a complex-ion in this case, possibly CoCl,(OH),”. 
The lighter hydroxyl groups would then explain the shift of the curve in the direction of 
lower frequencies. 

Brode has shown that the bands in pyridine and quinoline solutions of cobalt halides 
do not show such great shifts with increasing weight of halogen as is the case with the 
corresponding halogen acid. This would seem to show that the halogen plays a less im- 
portant part in the quinoline complex than in the halogen acid complex, e.g., CoX,(OH),.” 
as compared with CoX,’’. It is not impossible that, for pyridine solutions, Hantzsch’s 
view is correct, the pseudo-salt formed being CoCl,Py,. Conductivity data support the 
view, and so to some extent does the work of Rohde and Vogt. 

A similar study to the above conducted on a solution of cobalt thiocyanate should 
prove illuminating. Aqueous solutions of this salt at room temperature pass from red to 
blue as the concentration is increased, and it would be expected that the equilibrium 
2Co(CNS), —> Co” + Co(CNS),’” would have proceeded to completion at a much lower 
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temperature than with aqueous cobalt chloride solutions. The lower temperatures in- 
volved would make the investigation easier, and it might be possible to apply the law of 
mass action. 


THE SiR WILLIAM RAMSAY LABORATORIES OF PHYSICAL AND INORGANIC CHEMISTRY, 
UNIVERSITY COLLEGE, LONDON. [Received, February 7th, 1934.] 





116. The Spectra and Photochemical Decomposition of Metallic 
Carbonyls. Part I. Spectral Data. 


By H. W. THompson and A. P. GARRATT. 


THE study of the spectra of polyatomic molecules is interesting for two reasons. First, 
it helps in determining the energy levels and potential-energy curves of the molecules, 
and these matters are ultimately important in constructing theories of valency and 
molecule formation. Secondly, it is important to correlate the absorption spectra of 
molecules with the mechanism of their photochemical decomposition. This has already 
been emphasised by many workers (Mecke, Trans. Faraday Soc., 1931, 27, 359; 1934, 
30, 200; Z. physikal. Chem., 1930, B, 7, 108; Norrish e¢ al., J., 1932, 1518; 1933, 119, 1533; 
Trans. Faraday Soc., 1931, 27, 404; 1934, 30, 103; Noyes, Rev. Mod. Physics, 1933, 5, 280; 
Taylor, J. Physical Chem., 1930, 34, 2409). This correlation is most important in the case 
of many simple polyatomic molecules, the spectra of which have scarcely been examined. 
Broadly speaking, the absorption spectrum of a molecule in the gas phase belongs to one 
of three types: (i) there may be one or more systems of discrete bands showing rotational 
fine structure; (ii) there may be both discrete and diffuse regions in the spectrum, and 
these may overlap; (iii) the absorption may be continuous. The establishment of the 
connexion between diffuseness of one kind or another and some dissociation process occurring 
in the molecule, and the subsequent interpretation of such phenomena as predissociation 
in terms of molecular potential-energy curves, have been especially important. There 
are, however, many complications; ¢.g., the rule, at first thought to be generally applicable, 
that a predissociation limit is to be identified with a photochemical “ threshold ”’ at which 
the quantum efficiency attains a saturation maximum value, does not always comply with 
the facts. Again, it is not at all certain that many diffuse banded spectra already attributed 
to predissociation processes are really to be explained in this way; for in the case of heavy- 
atom molecules the separation of rotation lines is often less than the breadth of the lines 
themselves, even under large dispersion (cf. Henri, Proc. Roy. Soc., 1930, 128, A, 178). 

In particular, Norrish, studying carbonyl compounds, e.g., aldehydes, ketones, and 
keten, found that in all cases absorption begins in approximately the same region, viz., 
2500—3400 A., corresponding to absorption by the chromophoric carbonyl group; the 
mechanism by which aldehydes and ketones subsequently decompose is somewhat indefinite. 
He draws attention to the fact that the light energy enters the molecule at one point and 
is then transferred to another where it leads to chemical change. In the case of keten 
the primary change can be represented by the equation Av + CH,-CO —> CH, + CO; 
here again the energy absorbed by the carbonyl radical is transferred to the olefinic bond, 
which it breaks. 

A subsidiary complication enters into the above processes due to the energy of reorganis- 
ation involved in the conversion of the free carbonyl radical into.normal carbon monoxide 
C=O. A similar conversion of bivalent into quadrivalent carbon probably occurs with 
the methylene radical, >CH, giving CHg. 

The present investigation concerns the absorption spectra and mechanism of photo- 
chemical decomposition of nickel tetracarbonyl and of iron pentacarbonyl. There is a 
simplification here in the sense that the carbonyl groups probably already exist in the 
C=O form, the molecular structure of nickel carbonyl being Ni(<-C=O), (Sidgwick, 
“‘ The Covalent Link,” p. 189). Energy of reorganisation should not therefore be involved 
here. 

Although kinetic measurements have been made on the rate of thermal decomposition 
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of nickel carbonyl and on the rate of its formation from the metal and carbon monoxide 
(Dewar and Jones, Proc. Roy. Soc., 1903, 71, A, 427; Mittasch, Z. phystkal. Chem., 1902, 
40, 1), no observations have been recorded on either its spectrum or its photochemical 
decomposition. The spectrum of iron carbonyl was measured by Eyber (ibid., 1929, 
144, A, 1), and it appears that absorption by the vapour begins at about 4100 A.; the 
absorption at shorter wave-lengths is continuous. With solutions in hexane, absorption 
begins at a rather longer wave-length, ca. 5500 A., and, as before, is continuous. The 
difference between the threshold wave-lengths for absorption with the vapour and with the 
solution was thought to arise because of the presence of the orange diferrononacarbonyl, 
Fe,(CO),, in the latter and its absence from the former. 

Dewar and Jones (Proc. Roy. Soc., 1905, 76, A, 558; 1907, 79, A, 66) showed that in 
visible light the pentacarbony] is slowly converted into the nonacarbonyl with liberation 
of carbon monoxide. Eyber determined the quantum efficiency of this process, using 
light of wave-length 4000 A., and found a value of ca. 1-1 mols. of carbon monoxide per 
quantum absorbed. Warburg and Negelein (Biochem. Z., 1929, 204, 4) have also found 
that 2 mols. of the pentacarbonyl decompose per quantum absorbed. Eyber accordingly 
suggested the following mechanism for the change : 

Fe(CO); + hv —> Fe(CO),;*, Fe(CO),;* + Fe(CO); —> Fe,(CO), + CO. 

The present measurements indicate that in the gas phase, in hexane, or in carbon 
tetrachloride, nickel carbonyl absorbs continuously below about 3950 A.; with iron penta- 
carbonyl our results agree essentially with those of Eyber, but we interpret them somewhat 
differently. 

EXPERIMENTAL. 


The nickel carbonyl was supplied as pure by The Mond Nickel Co., Ltd. The iron carbonyl 
was purified by distillation and was yellowish. The spectrograph used was a Hilger quartz 
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instrument E 315, and the region studied 7000—2000 A. The absorption cells were glass tubes 
with plane polished quartz ends cemented on, and varied in length from 2 to 50 cm. A series 
of photographs was taken, the length of absorbing column, pressure of vapour, and period of 
exposure being successively altered. Pressure was measured by a mercury manometer. The 
continuous sources used were a hydrogen discharge tube consuming ca. 3 kw., a tungsten 
Pointolite lamp, and the positive pole of a carbon arc. 

Results.—Nickel carbonyl. (i) Gas Phase. Fig. la exhibits a typical series of photographs 
taken through the gas phase under the following conditions : 





Absorbing column, 45°2 cm. Exposure,1 min. Temp. 18°. 
I. II. III. IV. V. VI. VII. 
Press. of Ni(CO),, mm 8 36 85 155 200 
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It is seen that absorption is continuous beyond a certain wave-length under all the conditions 
used. The absence of bands just preceding the limit of complete absorption is most clearly 
brought out by the smooth nature of the spectrophotometer curves taken from different plates. 
Fig. 2 is a copy of seven such traces measured from spectra taken under the following conditions : 


Absorbing column, 45°2 cm. Exposure, 5 min. Temp. 18°. 
I. II. III. IV. Vv. VI. VII. 
Press. of Ni(CO),, mm.......... 0 2 6 10 49 99 202 


It is clear that a continuous transition occurs from the region of no absorption to that where 
absorption is complete. Values of the extinction coefficient « = (log; /,/Z)/pi (p in mm. Hg, 
1 in cm.) have been determined at different wave-lengths from several such curves. A high 
degree of precision has not been attempted in determining these values, although the deviations 
are not, in view of the sensitivity of the quantity, serious. The values make it possible to 
extrapolate to the wave-length at which absorption begins. Table I gives the values of « 
determined from the second set of measurements above. 


TABLE I. 

, A. (1). (2). (3). (4). (5). (6). Mean. 
3950 0 0 0 0 0 0 0 

3900 0 0 0 0 13x 10% 06x10* 3x10 
3850 0 0 0 0 39x 10* 19x 10* 90 x 107 
3800 0 0 0 0 72x10 88x10* 3x 104 
3750 0 0 06x10 O3x10% 18x10% 43x 10% 10x 10> 
3700 0 0 06x10 O1x10* 05x10 %13x10* 4x 10> 
3650 0 0 08x10 O2x1l0~* 26x 10+ 7x 10% 
3600 O06 x10* O2x10* 10x10* 06x10“ 3-8 x 10% 1 x 10“ 
3550 26x10 15x10* 32x10 85 x 10 4x 10+ 
3500 3°7x10* 27x 10 23:0 x 10+ 1 x 103 
3450 20x10*% 18x 10° 2-0 x 103 
3400 13 x 10° 13 x 10% 


In Fig. 3 the values of the extinction coefficient « and also of log « are plotted against 4. It 
is seen that the threshold for absorp- 
Fic, 3. tion lies at ca. 3950 A., i.e., 25320 cm.- 
or 3-1 volts or 72 kg.-cals. per g.-mol. 
7 (ii) Solution. The relationships 
=, 2s with solutions in spectroscopically pure 
120-- 1-0 } hexane (as supplied by B. D. H. Ltd.) 
> or carbon tetrachloride are entirely 
~ ig.3a. ’ | similar to the above. Absorption 
8 / begins at the same limit, ca. 3950 A. 
The data are not given in detail. 
Fig. 16 shows four photographs: (1) 
the hydrogen continuum, (2) with 
2-5-cm. layer of pure hexane, (3) with 
a solution of the tetracarbonyl in 
hexane 2-5 cm. thick, (4) with a more 
dilute solution of the same thickness. 
Iron pentacarbonyl. The pressure 
of gaseous iron carbonyl used varied 
from 1 to 15 mm. The results were 
exactly similar to those for nickel 
carbonyl. The continuous absorption 
began at ca. 4100 A., corresponding to 
i. + 24390 cm. or 3-0 volts or 69 kg.-cals. 
3900 ) 3500 3400 per g.-mol. 
Wave-length, A. The solution in hexane was orange- 
yellow, and continuous absorption 
began at ca. 5500 A. It is very probable that the nonacarbonyl is present as impurity in the 
pentacarbonyl and causes a displacement of the limit to this extent. For the present purpose 
this matter is not relevant and was not examined further. 
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DIscussION. 


In view of the continuous absorption there can be no doubt that the primary act 
in the absorption of light by nickel carbonyl involves a dissociation process, viz., the 
formation of nickel and carbon monoxide. This dissociation is, however, not the climax 
of the absorption of a series of vibrational quanta, 7.e., following a “‘ convergence ”’ limit ; 
nor is it connected with a predissociation process of any kind, for no diffuse bands are 
observed. The upper molecular state must be unstable, having either a pure repulsion 
potential-energy curve or one showing a shallow minimum at large internuclear separation. 
In the latter case increase of temperature might bring about excitation of bands by 
absorption from higher vibrational levels in the ground state. The ease with which nickel 
carbonyl decomposes thermally makes it difficult to examine this. At 50° no bands were 
detected, and on the whole, and having regard to the complete nature of the absorption 
and the failure to retransmit at any higher frequencies, it seems likely that the upper 
potential-energy curve is a purely repulsive one rising steeply with decreasing nuclear 
separation. 

The absorption limit at 3950 A. corresponds to absorption of 72 kg.-cals./g.-mol. 
The region of absorption usually found for the carbonyl group lies, as stated above, at 
shorter wave-lengths. It seems unlikely, therefore, that absorption occurs via this group. 
Moreover, in this case, bands, even if diffuse, should be detected. Absorption by normal 
carbon monoxide first occurs in the far ultra-violet, so that this also is not applicable. If 
then the light enters the Ni<-C link, 72 kg.-cals. should on the above interpretation be an 
upper limit for the energy of this bond, some energy disappearing as kinetic energy of the 
products of dissociation. Thermochemical data by which this may be checked are not 
available, but in other compounds the energy of a co-ordinate link may be about this 
value; for instance, the energy of dissociation of C=O is 235 kg.-cals., that of C—O 
163 kg.-cals., the difference being 72 kg.-cals. It is clear that a strict addition of bond 
energies in this way is not legitimate, but it will be correct as regards order of magnitude. 
The exact agreement is fortuitous but nevertheless striking. 

Since the lowest known excited level of carbon monoxide is not lower than 4-8 volts 
(109 kg.-cals.) and is probably 5-98 volts (136 kg.-cals.) (Birge, Physical Rev., 1926, 28, 
1157), it is probable that in the primary dissociation normal carbon monoxide molecules 
are formed. The most likely mechanism is then Ni(CO), + 4v—>Ni(CO), + CO, the 
Ni(CO), later decomposing spontaneously to give nickel and carbon monoxide. Energy 
may be liberated in this spontaneous process, leading to some excitation of the products. 

Nickel carbonyl, however, decomposes relatively easily below ca. 100°, although the rate 
is erratic and may depend to a considerable extent on surface factors (cf. Mittasch, loc. cit.). 
It is possible, though not probable, that the energy of activation of the “‘ gaseous ” decom- 
position is less than 20 kg.-cals. Presumably this is introduced into the molecule as energy 
of vibration of the Ni<C linkages. It might then be supposed that in the photochemical 
decomposition the 72 kg.-cals. are absorbed by one Ni<C linkage and then distributed 
among all four, giving to each approximately the amount suggested by the thermal process, 
For various reasons this is unlikely. It is, moreover, not uncommon to find the energies 
required for photochemical change higher than those for the corresponding thermal 
reactions. 

On the above basis the quantum efficiency should be 1 mol. of nickel carbonyl decompos- 
ing per quantum, with formation of 4 mols. of carbon monoxide. Difficulties of various 
kinds are inherent in the measurements, but preliminary experiments in carbon tetrachloride 
(to be reported later) give a value of the correct order. 

To comply with the quantum efficiency of 2 in the decomposition of iron carbonyl, 
Eyber suggested the mechanism given on p. 525. The continuous nature of the absorption 
shows, on the other hand, that the primary act is a dissociation, and it is more likely that 
the changes are to be represented as follows : 


Fe(CO),; + 4v—> Fe(CO), + CO, Fe(CO), + Fe(CO); —> Fe,(CO),. 
This mechanism was suggested by Dewar and Jones, who also demonstrated the greater 
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stability of iron tetracarbonyl than of nickel tricarbonyl. It agrees with a quantum 
efficiency of 2 and covers the other facts. The limit at 4100 A. implies absorption of 
69 kg.-cals. by the Fe<-C link, a rather smaller value than in the case of Ni<-C. This 
difference is not unreasonable: iron carbonyl decomposes thermally only at much higher 
temperatures than those needed for the decomposition of nickel carbonyl. The energy 
of activation for the change Fe(CO); —-> Fe(CO), + CO may be of the order 30 kg.-cals. 
Here, too, therefore, the photochemical quantum exceeds the thermal critical energy. 


SUMMARY. 


(1) The absorption spectrum of nickel carbonyl vapour or its solution in hexane or 
carbon tetrachloride is continuous from 3950 A. towards shorter wave-lengths. 

(2) The absorption spectrum of iron pentacarbonyl vapour is continuous from 4100 A. 
towards shorter wave-lengths. In hexane or carbon tetrachloride the continuum begins 
at 5500 A.; the difference is probably due to the presence of diferrononacarbonyl as 
impurity. 

(3) In both cases the primary act in the absorption of light must be a dissociation. 

(4) The mechanism suggested for the photochemical decomposition of nickel carbonyl 
is Ni(CO), + 4v—> Ni(CO), + CO, Ni(CO),; —> Ni + 3CO. 

(5) Previous theories of the mechanism of the photochemical decomposition of iron 
carbonyl are amended to the following: Fe(CO); + hv—+» Fe(CO), + CO, Fe(CO), + 
Fe(CO); —> Fe,(CO),. 


We are grateful to the Government Grant Committee of the Royal Society for a grant, 
to The Mond Nickel Co. Ltd. for the gift of nickel carbonyl, and to Prof. H. H. Plaskett of the 
University Observatory for enabling us to make the photometric measurements. 
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117. Adsorption at the Surface of Solutions. Part III. The Surface 
Structure of Solutions of the Lower Aliphatic Alcohols. 


By J. A. V. BuTLER, A. WIGHTMAN, and W. H. MACLENNAN. 


In Part I (J., 1932, 2089) we described a redetermination of the surface tensions of aqueous 
ethyl alcohol solutions and discussed the interpretation of the values of the Gibbs adsorp- 
tion derived therefrom. In no other case had both the surface tensions and the partial 
vapour pressures of the components been determined at the same temperature with suf- 
ficient accuracy for a reliable estimate of the Gibbs adsorption over the whole range of 
solutions. The partial vapour pressures at 25° of solutions of methyl and n-propyl alcohols 
have recently been determined in this laboratory by Butler, Thomson, and Maclennan 
(J., 1933, 674). In order to provide additional material for the discussion of the consti- 
tution of the surfaces of concentrated solutions, we have therefore determined the surface 
tensions of these solutions at the same temperature. 


EXPERIMENTAL, 


The alcohols were purified and the solutions prepared by the methods used in the deter- 
mination of the vapour pressures (/oc. cit.) The surface tensions of the propyl alcohol solutions 
were determined by the maximum bubble-pressure method, as described in Part I. With 
methyl alcohol solutions, it was very difficult to get reproducible readings by this method, 
particularly in the more dilute solutions, owing perhaps to the evaporation of alcohol at the 
surface of the bubbles; the whole series of these solutions was therefore determined by the 
capillary-rise method, the corrections described in Part II (J., 1932, 2098) being made. The 
experimental measurements, together with the corrected surface tensions derived therefrom, 
are givenin TableI. The densities, of which approximate values are sufficient for the maximum 
bubble-pressure method, were obtained by interpolation from the data in I.C.T., Vol. III. 
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In order to determine the values of I’,, the measured surface tensions were plotted on a 
large scale against the molar fraction of alcohol, and where the points deviated appreciably 
from the best smooth curve a correction was made for the purpose of the calculation. The 
‘“‘ smoothed ” values so obtained, which only differ in a few cases from the observed values, 
are given in Table II. 

The partial vapour pressures of the alcohols in the solutions were determined by ~, = 

°Nofe, where ,° is the vapour pressure of the pure alcohol, N, its molar fraction and f, its 
activity coefficient in the solution. The last was obtained from the curves of Butler, Thomson, 
and Maclennan (loc. cit.). The values of T, = — 1-062 x 10'°(— Ac/Alog,9p,) were evaluated 
for the intervals between one solution and the next. In a few cases the variation of logi9p, 
between the successive solutions of Table I was too small to be determined with sufficient 
accuracy, and in such cases I’, has been evaluated for a larger interval. The values of I, for 
the three lowest alcohols are shown, plotted against the mean molar fraction of alcohol for the 
interval to which they refer, in the fig. 
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TABLE I. 


Solutions of methyl alcohol. Capillary-rise method. 


MeOH, 

, hy. a. mols. %. D2. hy. hy. 
0°9971 11-628 71°97 15°68 0°9576 7°307 — 
0°9911 10°303 63°42 21°73 0°9442 6°698 11°495 
0°9893 9°995 61°41 25°93 0°9348 10°917 
0°9816 9°167 55°88 30°67 0°9243 10°449 
0°9757 8°655 52°45 47°19 0°8884 9°428 
0°9748 8°527 51°63 58°97 0°8630 8-956 
0:9730 8°360 50°53 68°77 0°8442 8°614 
0°9717 8°137 49°12 72°42 0°8377 8°500 
0°9661 7°845 47°10 100-00 0°7864 7°679 
0°9618 7°556 45°16 


Solutions of propyl alcohol. Maximum bubble-pressure method. 


PrOH, PrOH, 
mols. %. P,, cm. D%. o. mols. %. Py, cm. D®. 
39°32 0°997 71°97 12°11 14°11 0°943 
27°45 0-911 49°98 20°00 13°91 0-915 
23°21 0°987 42°58 29°96 13°73 0°887 
16°86 0°976 31°01 39°94 13°57 0°866 
15°70 0°972 28°89 50°53 13°42 0°849 
14°77 0-962 27°19 69°63 13°13 0°826 
14°25 0°954 26°23 100-00 12°68 0°780 


DISCUSSION. 


The decrease of I’, in the more concentrated solutions might be accounted for in two 
ways. (1) Schofield and Rideal (Proc. Roy. Soc., 1925, A, 109, 57; Pil. Mag., 1932, 18, 
806) have shown that if there is a complete surface layer of alcohol molecules at the surface 
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TABLE II. 


Calculation of I, for solutions of methyl alcohol. 


rT, MeOH, Tr; MeOH, 
log f,.5 X10". mols.%. o. logpy. X 10%. mols. %. a. 
0°717 — 11°87 47:10 1:347 32-0 47°19 
1-020 19°4 13°74 45°24 1°407 32°9 58°97 
1166 262 15°68 43°49 1462 33°8 68°77 
1187 32:9 21°73 «=39°34 #41581 8 37:1 72°42 
1°228 28°5 25°93 37°15 1-642 38:1 100°00 
1-280 28°8 30°67 35°16 1°698 37°7 


Calculation of T, for solutions of propyl alcohol. 


PrOH, lr; PrOH, r, PrOH, 
mols.%. oo. logps. X10. mols.%. oo. logpy. x 10%. mols.%. o. log py. 
100 49°98 0°430 — 20°00 25°60 1°135 49°5 70°00 24°16 1-216 
200 42°58 0°703 28°8 40°00 24°97 1:154 35°2 90°00 23°60 1-291 
500 31°01 41-011 39°9 50°00 24°70 1°169 19°1 10000 23°32 1°340 
10°00 26°30 1°120 45°9 


of these solutions, it is necessary to assume an excess of water underneath the surface 
layer, the amount of which (I’,’) is given by T, = v,° — N,T',’/N,, where v,° is the number 
of alcohol molecules in the surface layer and N,/N, is the molar ratio of alcohol to water 
molecules in the bulk of the solution. (2) On the other hand, Butler and Wightman 
(loc. cit.) showed that a decrease of I, may also occur in the concentrated solutions when 
the surface layer alone differs in composition from the bulk of the solution, if this surface 
layer is not completely occupied by alcohol molecules. It was shown that the data for 
ethyl alcohol solutions are nearly, but not quite in accordance with this assumption. 
Guggenheim and Adam (Proc. Roy. Soc., 1933, A, 189, 218) have also come to a similar 
conclusion with respect to ethyl alcohol solutions, 

There are no strictly thermodynamical grounds for distinguishing between these and 
other possibilities, since a given value of I, might be produced by a number of different 
arrangements of molecules near the surface. It may, however, be argued that some of 
the possible structures of the surface are improbable either because they are unnecessarily 
complicated or on other grounds. 

On the hypothesis that the only part of the surface region which differs in composition 
from the bulk of the solution is a surface layer characterised by 


ee a ee Sl ae (1) 
the following relation is obtained (Part I) between the surface composition and the Gibbs 


adsorption : 
T, = wy" — (4,/44 + NeJNy. »- - » « «© s «© 


where v,, v, are the numbers of molecules of water and alcohol in unit area of the surface 
layer, A,, A, the areas occupied by these molecules, and v,° = 1/A, the number of alcohol 
molecules in a completed surface layer. In order to use these equations it is necessary 
to know A, and Ay. When these are known y,, v, can be determined for any given value 
of T',, but the values obtained will only be real if the initial assumption is correct. 

In order to judge the validity of this assumption, the criterion that v, must increase 
continuously as the proportion of alcohol in the solution is increased was employed. It 
was found that with ethyl alcohol solutions, this criterion is not sérictly satisfied with any 
reasonable values of A, and Ag, and it was therefore concluded that, although the divergence 
is small, the assumption of a single unimolecular layer is not strictly true.* 

The values of I’, for methyl alcohol solutions are, however, compatible with a single 
adsorption layer which satisfies this criterion. Table III gives the values of v, and »,, 
calculated by (1) and (2) on the assumptions that v,° = 48-6 x 10% mols./cm.*, and 


* Guggenheim and Adam suggested that the difficulty might be overcome by assuming variable 
values of A, and A. We have satisfied ourselves that no reasonable variation of A, and A, would 
suffice to make y, increase continuously with N,. 
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(i) A,/A, = 0-5, (ii) A,/A,=1. In both cases we obtain values of v, which increase 
steadily with the proportion of alcohol in the solution. 


TABLE III. 


Possible surface compositions of methyl alcohol solutions. 


v2° = 48°6; v,° => 48°6; v,° = 48°6; v,° = 48°6; 
AijAnwt. | Ada a OF. Ail4g=1. A, Ag = 05. 








c c a] cr , 


Nj. T;. Ve: Vy. Ve: Vy. Ny [Isz- Ve. 4. 
0-05 216 228 25 231 = 51-1 ‘50 35°7 «942-2 6: 
0-10 308 326 16 340 291 60 342 428 5 
0°20 373 39°6 9° 41-0 15°1 E 32°8 = 439 4: 
030 386 41-9 6: 436 10-0 ‘80 316 452 3 
0-40 375 42-0 6° 43°8 9°5 . — 486 0- 

On the other hand, it is impossible to reconcile the curve for propyl alcohol with this 
hypothesis, the divergence being much greater than in the case of ethyl alcohol. In 
general, the hypothesis of a single adsorption layer characterised by (1) is thus inadequate, 
and it is necessary to frame a wider theory which will take into account non-homogeneity 
below the surface layer. 

Suppose that, as in Part I, a dividing surface is drawn in the solution in such a position 
that the solution is completely homogeneous below it. Let the numbers of molecules of 
water and alcohol in the region above this surface be ,, m,. Then-it can easily be shown 
that 
Now, let m, = v, + @, and 1, = v, + @,, where v,, v, are the numbers of molecules in 
the surface layer of the solution, which are related by A,v, + A,v, = 1, and @,, ow, the 
numbers of molecules between this surface layer and the dividing surface. Then 

T, = vg — (Ay/Ag + No/Ny)yy + 2 — @,N2/Ny, 
and (w, — o,N,/N,) is evidently the excess of alcohol in the region below the surface layer. 
If this quantity is negative, it may more conveniently be expressed as — (a, — a,N,/ 
N,)N./N, = —Ty'Ne/Ny. (@; — @,N,/N_) =Ty’ is to be regarded as the excess of water 
below the actual surface layer, for w, is the actual number of water molecules in this region, 


and w,N,/N, the number which would be present if the #, alcohol molecules were accom- 
panied by water in the same proportion as in the bulk of the solution. We thus have 


Tp = vg? — (A, /4g + No/N,)y, —Ty'NQ/N, . se 2 « « (3) 


It is, of course, impossible to determine both v, and I,’ from this equation, but a con- 
sideration of the values of I, leads to the following observations. (1) In the case of 
methyl alcohol, not improbable values of the surface composition are obtained when I,’ 
is assumed to be zero. (2) In the case of propyl alcohol, unless v,° differs considerably 
from the value found for insoluble films of the higher fatty acids, I’, is practically equal 
to v,° at the maximum of the adsorption curve (VN, = 0-15). At greater concentrations of 
alcohol, it is thus probable that v, is approximately zero and therefore T, = v,° — I','N,/N. 
(This is the expression used by Schofield and Rideal for ethyl alcohol solutions.) The 
values of I,’ obtained on this assumption are given in Table IV. (3) The case of ethyl 
alcohol comes somewhere between these two extremes. If I',’ is taken as zero, the values 
of v, do not increase continuously with N,.* Since the maximum value of I, is about 
42 x 10! mols. /cm.?, it is improbable that v, is zero at or near this maximum, consequently 
the values of I,’ obtained by putting v, = 0 are almost certainly too high. 


* For this reason we suggested in Part I that there was a small excess of alcohol under the surface 
layer of certain solutions near the maximum adsorption. This assumption is not adequate in the case 
of propyl alcohol solutions, and we therefore now think it more probable that in the case of ethyl alcohol 
solutions also, the divergence from the single layer requirements is due to an excess of water under the 
surface layer of the more concentrated solutions. 
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TABLE IV. 


0°8 0°7 0°6 0°5 0-4 0°3 0°25 
8 10 12 17 23 35 43 

10 17 25 32 39 33 18 

12 21 32 49 73 _ _ 


In conclusion we may observe that the conception of a complete or nearly complete 
surface layer of alcohol molecules, with an excess of water underneath, is misleading in 
the sense that it suggests a greater segregation of water and alcohol than actually occurs. 
The last line of Table IV gives the number of water molecules which would accompany 
the alcohol molecules of a complete surface layer, if their proportions were the same as 
in the bulk of the solutions. The values of I,’ for the more concentrated propyl alcohol 
solutions are only a little smaller. [If I',’ were equal to v,°N,/N,, the adsorption (I) of 
propyl alcohol would of course be zero.] Thus, assuming that at the surface of these 
solutions there is a complete layer of orientated alcohol molecules, it is necessary to suppose 
that they are accompanied, underneath, by water molecules in nearly the same proportion 
as in the bulk of the liquid. This may be explained by the tendency of water molecules, 
when present in small proportion in alcoholic solution, to be associated or co-ordinated 
with the hydroxyl groups. This tendency will be the greater the longer the hydrocarbon 
chain. It is thus possible to have at the surface of these solutions a complete layer of 
alcohol molecules, which are at the same time associated with water molecules in nearly 
the same proportion and in the same way as in the bulk of the solution. 


SUMMARY. 
1. The surface tensions of aqueous solutions of methyl and -propyl alcohols have been 
determined at 25°, and the values of the Gibbs adsorption calculated. 
2. The probable structures of the surfaces which are compatible with these observations 
are discussed. 


We thank the Chemical Society for a grant, and the Carnegie Universities Trustees for 
a Scholarship to W. H. M. 
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118. Adsorption at the Surface of Solutions. Part IV. Adsorption 
Constants in Solutions containing Two Solutes. 


By F. R. HimswortH and J. A. V. BUTLER. 


COMPARATIVELY few measurements have been made of the surface tensions of solutions 
containing two surface-active solutes. Butler and Ockrent (J. Physical Chem., 1930, 34, 
2297, 2841; where references to previous work are given) examined aqueous solutions of 
ethyl and propyl alcohols, and of propyl alcohol and phenol, and found good agreement 
with the theoretical relation deduced by them (see below). These measurements, which 
were made in the course of an investigation of the electrocapillary curves of similar solu- 
tions, were not very extensive, and it appeared that a more thorough examination was 
desirable. We have therefore determined the surface tensions of aqueous solutions of 
(1) ethyl alcohol and n-butyl alcohol; (2) »-propionic acid and -butyl alcohol. 


EXPERIMENTAL. 


The substances were carefully purified and the solutions prepared by weight. Since the 
activities in the ternary solutions are unknown, it has been thought best to express the con- 
centration as the molar fraction of each constituent in the solution. The surface tensions 
were determined at 25° by the capillary-rise method, as previously described (Part II, J., 
1932, 2098), the proper corrections being applied: the maximum bubble-pressure method 
appeared to be unsuitable, because the surfaces of these ternary solutions take longer to come 
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to equilibrium than the corresponding binary solutions. The densities of the solutions were 
determined in a silica pyknometer at 25°. 
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Surface-tension lowerings of butyl alcohol in water and solutions of ethyl alcohol and propionic acid. 


Tables I and II give the observed values, and in the fig. are plotted the surface-tension 
lowerings produced by butyl alcohol in solutions containing constant molar fractions of ethyl 
alcohol or propionic acid. In the case of the ethyl alcohol solutions the smooth curves represent 
the values calculated by the method described below. 


TABLE I, 
Surface tensions of aqueous ethyl alcohol—butyl alcohol solutions. 


EtOH, BuOH, EtOH, BuOH, 
mols. %. mols.%. D%. o. o (calc.). mols. %. mols.%. D%. o. @ (calc.). 
0-00 0-00 0°9971 71:97 (72:0) 1-98 0:0000 0°9886 55°46 55°6 
0°1243 0°9964 58:18 57°9 071125 0°9881 50°84 50°9 
0:2000 0°9959 53°47 53°4 02018 0°9876 47°57 
0°5000 0°9942 43°09 43°0 0°4775 0°9863 40°61 
0°8375 , 0°9922 36°38 36°4 10916 0°9831 31°83 
14790 0°9897 28°90 28°8 15498 0°9808 27°76 
00000 §0°9929 61°58 61°5 ‘ 0:0000 0°9812 48°16 
0°1075 0°9922 54°67 54°5 071096 09808 45°32 
02181 0°9916 49°64 49-2 0°2186 0°9803 42°72 
0°4802 0°9901 41°34 41°6 0°4767 0°9891 37°82 
0°8997 0°9876 34:09 34°3 09994 O-9761 31°44 
15080 0°9844 27°63 27°9 14910 0°9710 27°52 


TABLE II. 


Surface tensions of aqueous propionic acid—butyl alcohol solutions. 


C,H,O,, BuOH, C,;H,O,, BuOH, C,H,O,, BuOH, 
mols. %. mols. %. D%. oe. mols, %. mols.%. D2. oe. mols. %.mols.%. D%. oe. 
1:00 0°0000 1:0003 54:07 2°00 0°0000 1:0042 47°40 4:00. 0°0000 1°0097 40°54 
0°1334 0°9995 48°10 0°1299  1:0033 43°36 0°1278 1°0088 38°29 
0°2259 0°9989 45°32 0°2926 1:0022 39°74 0°2604 1:0079 36°46 
0°5308 0°9971 38°34 0°4850 1:0009 36°58 0°5104 1:0063 33°81 
0°8268 0°9953 33°76 0°9839 0°9979 30°86 0°7031 1°0050 32°15 
14710 0°9916 27°36 1-7336 0°9931 26°29 1:2252 1°0012 29°16 
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DIscussION. 


If the adsorption of each solute is proportional to (1) its concentration in the solution, 
(2) the fraction of the total surface which is unoccupied by any adsorbed molecules, the 
adsorption will be determined by the following equations 


A,T, = k,N,(1 — A,T, — Aly); AV, = 4,N2(1 — AT, — AQT)), 


where I',, ', are amounts of the two solutes in the surface layer, which in dilute solutions 
can be taken as equal to the Gibbs adsorption ('y,9 = 0); A, A, are their areas per mole- 
cule in the surface, and (1 — A,I', — A,I) is thus the fraction of the surface unoccupied 
by any solute. When A, = A, = 4, it was shown by Butler and Ockrent (loc. cit.) that 
these equations lead to the relation 


o=o,—AT/A.log(1+hN, +h&N) - .-.. (I) 


the corresponding equations for the single solutions being in the form given by Szyszkowski 
(Z. physikal. Chem., 1908, 64, 385), viz., 


o = 0, — kT/A . log (1 + k,N,); « = 09 — kT/A . log (1 + Nj). 


Similar equations involving the activities of the solutes were deduced on thermodynamical 
grounds by Butler (Proc. Roy. Soc., 1932, 135, 348), but since the activity coefficients of 
the mixed solutions are unknown, we shall discuss our observations in terms of the simpler 
equations given above. If the two solutes do not interfere with each other in the surface 
layer, except in so far as each solute reduces the surface area available to the other, equation 
(1) should be capable of reproducing the surface tensions of the mixed solutions, when 
k, and kg are given the same values as hold for the single solutions. On the other hand, 
if it is impossible to reproduce the surface tensions with constant values of k, and fg, it 
may be inferred that some kind of interaction takes place between the adsorbed substances. 

Butyl Alcohol-Ethyl Alcohol Solutions.—It was found that the best value of the con- 
stant 2-303kT/A for the whole series of solutions was 32-3. This compares reasonably 
well with that found by Butler (34-8) for butyl alcohol solutions (loc. cit.), activities being 
used instead of molar concentrations. Taking this value of the constant, it was found 
that constant values of k, and k, were obtained for each series of solutions (N, constant), 
but slightly different values of k, and k, were required for the different concentrations 
of ethyl alcohol. The following values of the constants were found to be in best agreement 
with the data. 





Ternary solutions. 
Water. N,=l Ni =k Nee 
Bg  dacdiiividcccons 1°12 1-00 1-01 1-07 
in cesntivtieecees 13°9 14°1 13°3 12-7 


The values of the surface tension calculated by (1) with these constants are given in 
Table I. With the exception of one or two points, the agreement is excellent. It is thus 
evident that the interaction between the ethyl and butyl alcohol molecules in the surface 
layer is comparatively small. 

Butyl Alcohol-Propionic Acid Solutions.—With the same value of kT/A, good agree- 
ment with (1) is obtained for the propionic acid solutions of N, = 1, the following constant 
values of k, and k, being used. 

Water. Propionic acid, N, = 1. 


—_ 2°59 
| gS OS 13-9 14-0 


In the solutions containing a greater concentration of propionic acid, marked deviations 
from (1) occur, and it is impossible to assign constant values to k, and ky. The nature 
of these variations is indicated by the figures given on p. 535, which show the variation 
of k, calculated on the assumption that , is constant. 
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Notes. 


Propionic acid, mols. %. 2-0. 4:0. 
Queer, ’ een 
ky ky. ky ky. 

0-1 2°4 14:8 2°1 13°0 

0°5 —_ 13°8 _ 11°4 

a oe ous ge — 108 
—— 1-2 -— 13-0 — 9°8 

1-7 _ 11°8 _ _ 


Some part of this variation may be due to appreciable changes of the activity coefficients 
in the ternary solutions, but it is unlikely that it could be entirely accounted for in this 
way. It thus appears that in the solutions containing the greater concentrations of 
propionic acid, the two solutes interact in the surface layer in such a way as materially to 
change their adsorption constants. Surface-tension measurements do not provide any 
clear evidence of the nature of this interaction, but it may be well to point out the sense 
in which it acts. Since the observed surface tensions are somewhat lower than those 
predicted by (1), using the constants of the binary solutions, it is apparent that the presence 
of propionic acid reduces the adsorption of butyl alcohol to a somewhat greater extent 
than corresponds with the area it occupies. This is the reverse of what might be expected 
if ester formation occurred. 


SUMMARY. 


1. Measurements have been made of the surface tensions of aqueous solutions of 
(1) ethyl alcohol and -butyl alcohol; (2) -propionic acid and n-butyl alcohol. 

2. In case (1) good agreement is obtained with the equation s = og — kT/A . log (1 + 
k,N, + &,N,), only small variations of the constants k, and k, being required to reproduce 
the whole of the data; in case (2) a considerably greater variation of k, and k, is found. 
Hence, although in (1) the two solutes do not materially affect one another’s adsorption 
constants when present in the surface layer together, yet in (2) appreciable interaction 
takes place. 


We thank the Chemical Society for a grant. 


Kinc’s BUuILDINGs, 
West Mains Roap, EDINBURGH. [Received, March 8th, 1934.] 





NOTES. 


The Cannizzaro Reaction. By ARNOLD WEISSBERGER and RupoLF HAASE, 


A RELATION has already been established between the rates of oxidation of a-ketols and the 
dissociation constants of the corresponding acids (Weissberger, Ber., 1932, 65, 1815), and 
another has now been found between the dissociation constants and the rates of reaction in 
the Cannizzaro dismutation (Haase, Dissert., Leipzig, 1933). 

The experiments were carried out in homogeneous systems: solvent, 75 (wt.) % ethyl 
alcohol; initial concentration of the aldehyde, 0-4M, and of the alkali (sodium hydroxide), 
0-2N; temperature, 30-0° + 0-1°. They were followed by titration of the alkali with standard 
acid. As shown in the table, a relation exists between the rates of the Cannizzaro reaction 
of the aldehydes, R-CHO, and the dissociation constants (K) of the corresponding acids, 
R°CO,H; ¢ is the time (minutes) in which one-quarter of the alkali was neutralised. With 
o-substituted aldehydes, the reaction is slower than would be expected from the dissociation 
constants, thus indicating the operation of another factor, presumably steric hindrance. 


Benzaldehyde. t. K x 105.* Benzaldehyde. t. K x 105.* 
p-Dimethylamino ......... >50,000 0° GPR nec ocevccccccesces 106 15°5 
p-Methoxy ee... ese eeeee eee 10,000 3°2 WIND pais ccsssccsccscccncse 26 34°5 
P-isOPropyl — ......eeeeeees 6,000 5:2 O-Ethoxy .......sseseeeseees 15,000 8°6 
Unsubstituted ............ 4,470 6°6 O-CRIOES cc ccecescccceccccsors 9,000 132 
PHRBIED seccccsecccssccsccsese 310 9°3 DPE vrccinnsuccacecaviese 440 606 


* Landolt—Bérnstein ‘‘ Tabellen,’’ 5th ed., Berlin, 1923. 


536 Notes. 


On account of its smaller solubility it was impossible to investigate p-nitrobenzaldehyde 
under the same conditions. This compound, therefore, was treated in 0-1M-solution with 
0-05N-alkali. The quarter period was 235 minutes; the dissociation constant of p-nitro- 
benzoic acid is 39-5 x 10°. The values for the m-nitro-compounds under the same conditions 
are 245 minutes and K 34-6 x 10°.—TuHrE Dyson PERRINS LABORATORY, THE UNIVERSITY, 
OxrorD. [Received, November 27th, 1933.) 





Perylene and Derivatives. By GiLpert T. MorGAN and James G, MITCHELL, 


THE m., p. of perylene is generally quoted as 264—265°, but the fact that this product sinters 
below that temperature suggests that some impurity is present; purification has now been 
effected through the picrate. The perylene employed was prepared by the method described 
in E.P, 208,722 (comp. Nat. Mat. Col. Prod. Chem.) in which @-dinaphthol is warmed with 
phosphorus oxychloride and finally distilled in presence of zinc dust. A yield of ca. 20% of 
perylene (m. p. 264—265°) was isolated from the distillate. A warm solution of this product 
in dry benzene, mixed with picric acid (1 mol.) in the same solvent, threw down dark-coloured 
needles, m. p. 223—224-5° (perylene content, 52-7. Calc. for Cy9H4.,C,H,;O,N3, 52-4%); a 
monopicrate (m. p. 221°) and a dipicrate (m. p. 154—155°) have been described (Brass and 
Tengler, Ber., 1931, 64, 1650). Treatment of the picrate with warm water regenerated perylene, 
which then separated from acetic acid as pale bronze leaflets, m. p. 273—274° (Found: C, 
95-1; H, 4:7. Calc. for CygH,,: C, 95-2; H, 48%). No difference in the colour reactions 
of the pure and the impure hydrocarbon could be detected. 

In an attempt to synthesise 1 : 7-perylenequinone, Meldola’s method (J., 1885, 47, 525) for 
the preparation of 1l-iodo-f-naphthol was used. As stated by Meldola, the product of this 
reaction is extremely sensitive to light; but if dilute acetic acid is used in place of alcohol as 
crystallising medium, colourless needles (m. p. 94-5°) are obtained, specimens of which remain 
unaffected for some months. Methoxy-$-naphthol did not react with Meldola’s reagent. In 
boiling pyridine 1-iodo-8-naphthol formed a tar, part of which was soluble in alkali and gave 
no distinctive colour in concentrated sulphuric acid. The alkali-insoluble part (28%) was free 
from halogen and exhibited a mauve colour in concentrated sulphuric acid. All efforts to 
crystallise this material failed, nor could the properties of a quinone be detected. On distillation 
from zinc dust in a stream of hydrogen three products were observed : (1) naphthalene, (2) a 
yellow substance (25%), crystallising in flat needles (m. p. 236—239°), subsequently identified 
as dinaphthalene dioxide, (3) a trace of a red substance; no perylene was detected. 

The reaction between $-dinaphthol and aluminium chloride to form 1 : 12-perylenequinone 
is difficult to control and the yield is poor. If, however, the aluminium salt of B-dinaphthol 
is heated with three times its weight of aluminium chloride at 140—150°, a slow reaction occurs, 
the progress of which is marked by the development of a green coloration throughout the mass ; 


yields of 70—80% of the quinone have been obtained by this method. The aluminium salt 


of the corresponding dinaphthol from Naphthol A.S. (the anilide of 3-carboxy-8-naphthol) on 
similar treatment gave a green substance forming an orange vat. The product was, however, 
insoluble in organic solvents and could not be obtained in a pure state. 

Unsuccessful attempts were made to simplify the preparation of perylenetetracarboxylic 
anhydride by condensation of acenaphthene, 4-chloroacenaphthene, naphthalic anhydride, 
4-chloronaphthalic anhydride, and other substances with condensing agents such as aluminium 
chloride, zinc chloride, sodamide, and alkali fusion. The separation of the monoimide and the 
free tetracarboxylic acid can be accomplished by addition of sodium chloride to a solution of 
the mixture in dilute alkali; the red monoimide is thus salted out, leaving a clear fluorescent 
solution of sodium perylenetetracarboxylate—RESEARCH LABORATORY, TEDDINGTON. [Received, 
March Ist, 1934.] 
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ANNUAL GENERAL MEETING. 


Tue Annual General Meeting was held at the University of Birmingham, Edgbaston, 
on Thursday, 22nd March, at 3 p.m., the President, Professor G. T. Morgan, O.B.E., 
D.Sc., F.R.S., occupying the Chair. 

The notice summoning the meeting was read and the President formally presented the 
Report of Council for 1933—1934, together with the Balance Sheets and Statements of 
Accounts for 1933. 

The Treasurer was then called upon by the President to make a statement on the 
finances of the Society. He referred to the anxiety felt by the Council as to the present 
financial difficulties, and stated that this was due to the Society’s endeavours to do more 
for its Fellows and the Chemical community at large than it could afford in view of its 
annual income. The precarious financial position of the Society and of some of its cognate 
Societies has assumed great importance in the eyes of those best qualified to judge and they 
had to give most serious consideration to the best means of securing a permanent solution. 
He stated that the Income on General Purposes Account had increased by £164 8s. 10d., 
owing to the Annual Subscriptions being higher and to a falling-off in subscriptions in arrear, 
and to the slight increase in membership. The losses through resignations and removals 
in Fellows At Home during the last two years were 4:2% in 1933 as against 7-7% in 1932. 
Expenditure had increased by £792, owing mainly to the cost of meetings held ovtside 
London, expenses of Local Representatives, and to increased contributions to the Public- 
ations Fund, Library, and Federal Council for Chemistry, and to the cost of the forthcoming 
Collective Index. 

In referring to the Publications Fund, the Treasurer pointed out that the income was 
less by £594. This was due to a fall in revenue from sales of publications and advertise- 
ments, and to the donations being less by £401. During the last 5 years the proceeds 
from the sales of publications had decreased by £1006, the diminution being £77 in 1930, 
£192 in 1931, £598 in 1932 and £138 in 1933: in this respect the Society had suffered from 
trade depression as other publishers had. He hoped that the diminution in the rate of 
decrease last year would continue as world conditions improve. Expenditure on the 
Journal was less by £308 (owing to a diminution in the number of pages) and on the 
Abstracts by £26. 

In conclusion, the Treasurer stated that he was not without hope as to an ultimate 
improvement in the Society’s financial position, but he feared that it would be some time 
before the accounts could be balanced independently of more or less casual donations from 
benefactors, and contributions from other Societies which necessarily must vary from 


year to year. 
REPORT OF COUNCIL, 1933—1934. 


-In presenting to the Society formal reports under the customary headings, the Council 
wishes to direct the attention of Fellows to certain matters which it considers to be specially 
important. 

For some years the financial position has been a cause of great anxiety, and in spite of the 
arrest in the diminution of the number of Fellows and of the generous contributions towards 
publishing expenses from the Government Publications Grant (through the Royal Society) 
and from Imperial Chemical Industries, Ltd., there is a large deficit for the year under report. 
Thisindicates that the work of the Society cannot continue on its present scale withits present 
resources. A large proportion of the cost of publishing original literature in Pure Chemistry 
in this country, the whole of the cost of publishing Abstracts of papersin Pure Chemistry and 
Biochemistry, and more than three-quarters of the cost of maintaining a chemical library 
available for use by the majority of British Chemists, are borne by the Society, that is, 
by only a section—estimated as one-third—of those who benefit from these activities. 
The Council is glad to be able to report an increasing recognition of this anomalous position, 
both by other societies and by representatives of the chemical industries, and is not without 
hope that a more equitable division of the cost of these essential services may ultimately 
be achieved. 

NN 
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The period under report is notable for the development of the scheme of lectures and 
discussions at meetings held outside London under the auspices of the Society. The 
success of this scheme, as attested by the number and character of such meetings and the 
excellent attendances recorded, has convinced the Council that these activities meet a 
widely felt need, not hitherto recognised, for meetings devoted to expositions of modern 
developments in pure chemistry. The Council congratulates the Local Representatives 
of the Society on the success of their efforts, and thanks them for their admirable work, 
valuable not only to the Society, but to a wider circle of chemists. 

This is the first occasion since 1926 on which the Council is able to report an increase 
in the number of Fellows. The actual increase is small, but the Council feels that when 
it is contrasted with a diminution of over 400 in the last six years, there is some cause for 
congratulation. The considerable increase in the number of new elections is, the Council 
believes, largely due to the efforts of the Local Representatives and of other Fellows, 
and partly attributable to the reduction of the annual subscription to Fellows under 25 
years of age who forego the receipt of certain publications. This evidence of wider 
appreciation of the work of the Society encourages the Council to hope that a period of 
special difficulty is coming to an end. At the same time, however, the Council would 
urge on all Fellows the need for energetic support of the Society’s activities and for 
continued efforts to augment its Fellowship. 


I. Fellowship Statistics. 


The number of Fellows at December 31st, 1932, was 3608. For the year 1933, 235 
Fellows were elected and 13 reinstated, as compared with 141 and 14, respectively, 
for 1932. The Society has lost 53 Fellows by death, 83 by resignation, and 100 by 
removal for non-payment of annual subscriptions, the corresponding figures in 1932 
being 43, 166, and 113, respectively. 

The number of Fellows at 31st December, 1933, therefore, was 3620, showing an increase 
of 12 in 1933 as against a decrease of 167 during 1932. 

By the death, on March 22nd, of Professor John Millar Thomson, the Society has lost 
one of its senior Fellows. Professor Thomson was elected a Fellow on January 18th, 
1872, served on the Council as Vice-President, Secretary and Ordinary Member of Council 
for thirty-one years in all, and as Chairman of the Library Committee for nineteen years. 
The memory of his kindly personality and enthusiasm for the Society will long be 
preserved among those Fellows who knew him. A special resolution of sympathy passed 
by the Council was communicated to the Ordinary Scientific Meeting on April 6th 
and conveyed by the President to Professor Thomson’s relatives. A copy of the 
Thomson medal has been presented to the Society by Professor Smiles and Professor 
Allmand and is deposited in the Library. 


II. Honorary Fellows. 

The Council regrets to report the death on January 29th of Professor Dr. Fritz Haber, 
who was elected an Honorary Fellow of the Society on May 7th, 1931. 

During the year, the Council has elected as Honorary Fellows, Professor A. Béhal, 
Professor E. C. Franklin, Sir Frederic Gowland Hopkins, Professor Camille Matignon, 
Sir Prafulla C. Ray, Professor F. A. H. Schreinemakers, and Professor A. Windaus. The 
number of Honorary Fellows is now 37. 


III. Jubilee Fellows. 


The congratulations of the Society have been conveyed to the following, who have 
completed sixty years of Fellowship : 


Elected. 
Ee April 3rd, 1873. 
Wraae CIS dcctcesescncctnatncsecsscovsnpesoosntnnene June 19th, 1873. 
WR CRITE TING cccaccscicscorscessectsceceees November 6th, 1873. 


and to the following, who during the year have attained their jubilee as Fellows : 
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Ramee Bi. CORIO ees ccccncccncqeneccajeccessssesssoe April 19th, 1883. 
EE SE stnvndnincniccscetenensecciennnetieetetnnn June 2Ist, 1883. 
PE I, siccccccciccccnchbevervesecsecsseaes June 21st, 1883. 
PORE Gi, SPITE on ccccvccccccccncsscssessccnscoss December 6th, 1883. 
Liswelliye Gasbutt ........ccccccosccocssssccossceccces December 6th, 1883. 
Charles Edward Potter ..............ccccssccccsecces December 6th, 1883. 
Gordon Crewe Chambres ..........scseseeeeeeeeees December 20th, 1883. 
DEE Bs THD hs teevetncennsnnaryenvesesendonsesevannse December 20th, 1883. 
PETE TED worercveccveccsecssncanatussvorsesoncces December 20th, 1883. 
Jolm William Pallister ...........cccccscceccoccccees January 17th, 1884. 
ohn Augustus Voelcker  ..............sceeeeeeeeees January 17th, 1884. 
UE SEE |. ican tet eiei aad February 21st, 1884. 
Henry Carter Draper ...........cccccccssescocecsesees February 21st, 1884. 
Thomas Richard Duggan ..........0cssseereeeeeees February 21st, 1884. 
Robert Edward Moyle _............cccccccsscccscsees February 21st, 1884. 
EGOS DEGREES SAME .....cesccccsescssccccsccesscseee February 21st, 1884. 


IV. Journal. 


The Journal for 1933, containing 1653 pages in the enlarged format, consists of 388 
memoirs (1533 pages), 26 notes (13 pages), 3 lectures (40 pages), an account of the Priestley 
Bicentenary Meeting (24 pages), a report on atomic weights (8 pages), the Presidential 
Address (4 pages), the report of the Annual General Meeting (12 pages), and Obituary 
Notices (19 pages). 

During 1933, 460 papers were received, of which 8 were declined. Of the 388 memoirs 
published, 147 deal with General, Physical, and Inorganic Chemistry, and 241 with Organic 
Chemistry. 

The average interval between the receipt and the publication of the papers in 1933 
was 9-4 weeks; the corresponding interval for the 457 memoirs and 34 notes published in 
1932 was 9-7 weeks. 

V. Bureau of Chemical Abstracts. 


Abstracts. The number and average length of the abstracts in Sections ‘A ’”’ and “B”’ 
published during 1933 by the Bureau and the corresponding figures for 1932 are as follows : 





A. B. 
1932. 1933. 1932. 1933. 
No. of No. of No. of No. of 
Abs. Pages. Abs. Pages. Abs. Pages. Abs. Pages. 

Ist quarter ...... 2,894 314 3,619 330 3,038 274 3,212 270 
3,384 352 3,454 324 3,034 272 2,952 256 
Sa: ae | sole 3,142 312 3,534 336 3,475 304 3,441 272 
Gig abate 3,129 318 3,833 354 3,468 288 3,539 290 

12,549 1,296 14,440 1,344 13,015 1,138 13,144 1,088 





Average length 
per abstract... 0°21 Col. 0°19 Col. 0°18 Col. 0°17 Col. 


The 14,440 ‘‘ A” abstracts comprised 6646 in General, Physical, and Inorganic Chemis- 
try, 425 in Geochemistry, 2849 in Organic Chemistry, and 4524 in Biochemistry. The 
corresponding figures for 1932 were 6060, 364, 2603, and 3522. 

Of the 13,144 “B” abstracts 6840 were from journals and 6304 were abstracts of 
Patents (in 1932 : 5937 and 7078 respectively). 

It will be seen that there has been an increase in the number of abstracts in all the 
divisions of the “‘ A ” section, the greatest being in those dealing with Biochemistry. This 
increase is due to a large extent to the contributions now being received from Nutrition 
Abstracts, and it is believed that these additional abstracts add considerably to the use- 
fulness of this section of our publications. 


Annual Index. The joint Annual Index of the abstracts for 1932 cost £1375 15s. 1d., 
and covered 578 pages as compared with 594 pages for the 1931 Index. In 1932 the total 
number of entries in the Index increased from 78,000 to 84,600. 
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Decennial Index. Satisfactory progress is being made, and it is expected that the 
two volumes comprising the Index of Authors’ names will be ready for issue in March 


next. 
VI. Library. 


Excluding the evenings on which meetings of the Chemical Society were held, there 
were 8399 attendances during the past year as compared with 8400 in 1932. Of the 
8399, 5349 were made by Fellows of the Chemical Society, while 3050 were made by 
Members of Contributing Societies, as against 3167 in 1932. 

The number of books borrowed during 1933 was 5518, as against 5724 the previous 
year ; of these 1284 were issued by post, as against 1368 in the preceding year. 

The additions to the Library comprise: 216 books, of which 72 were presented, 692 
volumes of periodicals and 245 pamphlets; as against 184 books, 726 volumes of periodi- 
cals, and 380 pamphlets last year. The total number of volumes added during the year 
was 908, showing a decrease of 2. The Library now contains 37,309 volumes consisting 
of 11,063 books and 26,246 bound volumes of periodicals. 


VII. General. 
Lectures in London. 
Four special lectures have been delivered during the year :— 


The Fifteenth Faraday Lecture, entitled ‘‘ The Relation between Stereochemistry 
and Physics,’’ by Professor Peter Debye at the Royal Institution on March 29th, 1933. 

The Sixth Hugo Miiller Lecture, entitled ‘“‘ Chemistry at the Cross Roads,’’ by Professor 
H. E. Armstrong, at the Institution of Mechanical Engineers on May 25th, 1933. 

A lecture, with experiments, entitled ‘‘ The Combustion of Hydrocarbons,” by Professor 
W. A. Bone, at the Royal Institution on October 19th, 1933. 

The Fourth Pedler Lecture, entitled ‘“‘ Chlorophyll,” by Professor Dr. Hans Fischer at 
the Royal Institution on February 22nd, 1934. 


Lectures outside London. 
Ten lectures have been delivered outside London :— 


Birmingham. At the University: January 22nd, 1934, on “‘ Some Recent Work in 
the Alkaloid Group,” by Professor R. Robinson. 


Glasgow. At the Royal Technical College: February 9th, 1934, on “‘ Diamonds,” by 
Sir Robert Robertson. 


Manchester. At the University: March 9th, 1933, on “‘ How Chemical Reactions 
Go,” by Professor E. K. Rideal; November 9th, 1933, on ‘‘ Molecules Pictorial,’ by 
Professor J. E. Lennard-Jones; November 30th, 1933, on “‘ The Relations between Photo- 
chemical and Thermochemical Reactions,’’ by Professor A. J. Allmand. 


Newcastle and Durham. The following Bedson Lectures to which Fellows were invited 
were delivered at Armstrong College: November 3rd, 1933, on “ Vitamin ‘B,’” by 
Professor R. A. Peters; February 2nd, 1934, on ‘“‘ The Chemical and Physical State of 
the Upper Atmosphere,”’ by Dr. G. C. Simpson. 


North Wales. At University College, Bangor: May 5th, 1933, on ‘“‘ The Chemistry 
of Gold,” by Professor C. S. Gibson; December Ist, 1933, on “‘ Group Protection Devices,” 
by Professor R. Robinson. 


Sheffield. At the University: October 26th, 1933, on ‘“‘ Relations between Photo- 
chemical and Thermal Reaction Mechanism,” by Professor A. J. Allmand; November 
30th, 1933, on “Some Modern Developments in Analytical Chemistry,’ by Mr. J. B. 
Smith. 
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South Wales. At University College, Swansea: May 11th, 1933, on ‘‘ The Develop- 
ment of the Structure of Carbohydrates,’’ by Professor W. N. Haworth; November 9th, 
1933, on ‘“‘Some Applications of Magnetism to Chemical Problems,” by Professor S. 
Sugden. 


Discussions in London. 
Three discussions were held :— 


“The Chemical Constitution of Oestrin,” on March 16th, 1933, opened by Dr. G. F. 
Marrian. 

“Condensed Aromatic Ring Systems,” on November 16th, 1933, opened by Dr. R. 
Fraser Thomson. 

“Some Aspects of the Electronic Theory of Valency,”’ on February 15th, 1934, opened 
by Professor J. E. Lennard-Jones. 


Discussions outside London. 
Five discussions were held :— 


At the University of Leeds on May 12th, on “ Substitution in Organic Compounds,” 
at which papers were contributed by Professor G. M. Bennett, Professor R. Robinson, 
Dr. C. W. Shoppee, Professor C. K. Ingold, Dr. J. W. Baker, and Professor H. M. Dawson. 

At University College, Cardiff, on November 24th, on “‘ The Chemical Applications 
of Optical and Morphological Crystallography,” opened by Dr. N. H. Hartshorne, 
and continued by Professor G. M. Bennett, Dr. Mary W. Porter, Dr. N. M. Cullinane, 
and Messrs. A. Stuart, R. G. Wood, F. M. Lea, E. G. Cox, and E. S. Davies. 

At Sheffield University, on January 25th, on “ The Ignition of Gases,” opened by 
Professor R: V. Wheeler, and continued by Drs. H. F. Coward, T. F. Wall, and J. D. 
Morgan. 

At the University of Bristol on January 26th, on “‘ Reactions in Gases and Solids,” 
when papers were contributed by Professor W. E. Garner and Mr. C. N. Hinshelwood. 

At the University College of North Wales, Bangor, on February 2nd, on “‘ The Early 
Training of the Chemist,”” opened by Professor T. C. James. 


Bicentenary of Priestley. The Ordinary Scientific Meeting on April 6th was devoted to 
a commemoration of the Bicentenary of Joseph Priestley, when one of his descendants, Mr. 
Will C. Priestley, was present. Papers dealing with the life and work of Priestley 
were read by Sir Philip Hartog, Professor A. N. Meldrum, and Sir Harold Hartley. Dr. 
J. A. Newton Friend showed a series of lantern slides illustrating Priestley’s life and 
work in England and America, and an exhibit of Priestley relics was on view in the Officers’ 
Room. 


Representatives of the Society on Other Bodies. 


Bureau of Chemical Abstracts Mr. F. P. Dunn, Mr. A. J. Greenaway, 
Dr. J. T. Hewitt, Professor T. S. Moore, 
and the Treasurer. 

Federal Council for Chemistry Professor T. S. Moore, Sir William J. 

5 Pope, and Professor J. F. Thorpe. 

British Editorial Board of the Journal of Physical Mr. E. J. Bowen, Professor W. E. Garner 

Chemistry and Professor T. M. Lowry. 


Representatives of the Society at Public Functions. 


Laying of the Foundation Stoneof the New Buildings The President. 
of the University of London on the Bloomsbury 
Site 
25th Anniversary Celebrations of the Société de Professor F. G. Donnan. 
Chimie Physique 
Priestley Bicentenary Celebrations in Paris The President and Sir William J. Pope. 
Inauguration by the Académie de Béarn of a_ Professor J. B. Senderens. 
Memorial to Monsieur Charles Moureu 
The Ramsay Chemical Dinner, Glasgow The President. 
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Appointment of Vice-President. In April the Council appointed Dr. E. F. Armstrong 
as Vice-President until the next Annual General Meeting to fill the vacancy caused by 
the elevation of Professor G. T. Morgan to the Presidency. 


Office of Secretary. The Council received with regret the resignation of Professor 
T. S. Moore from the office of Honorary Secretary, and desires to record its indebtedness 
to him for the devoted service he has rendered to the Society during his six years of office. 
The Council has nominated Dr. H. J. T. Ellingham as Honorary Secretary to fill the 


vacancy. 


Anniversary Meetings. A report of the 92nd Annual General Meeting, held in London 
on March 30th, appeared in the Journal for April (pp. 450 e¢ seg.). The Anniversary 
Dinner was held at Grosvenor House with the Rt. Hon. Lord Melchett of Landford as 
the principal guest. 

The Council has accepted an invitation from Fellows in Birmingham to hold the 93rd 
Anniversary Meeting of the Society in that city on March 22nd, 1934. 


List of Fellows. The Council decided that a new List of Fellows (last issued in 1929) 
should be published and financed by the Special Publications Fund. The List was issued 
in October and may be obtained by Fellows at the price of one shilling. 


Bye-Laws. The revised Bye-Laws have been reprinted and may be obtained on 
application to the Assistant Secretary. 


Memorial Lectures. It has been decided to issue Volume III of the Memorial Lectures, 
containing the Lectures delivered before the Society between 1914 and 1932 in memory 
of the following Chemists : 


Emil Fischer by Sir M. O. Forster, F.R.S. 

Adolf von Baeyer by Professor W. H. Perkin, F.R.S. 

J. D. Van der Waals by Sir J. H. Jeans, F.R.S. 

H. Kamerlingh Onnes by Professor Ernst Cohen, For.Mem.R.S. 
S. A. Arrhenius by Sir James Walker, F.R.S. 

Theodore W. Richards by Sir Harold Hartley, C.B.E., F.R.S. 
Otto Wallach by Professor Leopold Ruzicka. 


Publication of Papers on Physical Chemistry. In the report for 1932, it was stated that 
the scheme of co-operation drawn up by the Joint Committee of the Chemical Society 
and Faraday Society had been adopted, but that in view of the estimated cost of pro- 
ducing a joint journal devoted to physical chemistry and of the present financial position 
of the Society, it had been decided that the scheme should not be put into operation in 
1933. This matter has been further considered but no action has been taken. 


Scheme for Closer Co-operation between Organisations of Chemists. At the invitation 
of the Federal Council for Chemistry, the Council appointed representatives (Mr. F. P. 
Dunn, Professor C. S. Gibson, and Professor T. S. Moore) to meet a Committee of the 
Federal Council and representatives of the Institute of Chemistry and the Society of 
Chemical Industry in order to discuss means of promoting co-operation between the three 
organisations. A report of the conference of the representatives, in which a draft scheme 
for the formation of a Chemical Council was outlined, has been considered by the Council. 
The President, Treasurer, and Sir William J. Pope have been appointed to act as the 
Society’s representatives on a Provisional Council. 


Electric Light Installation. The Council was informed by the Office of Works in October 
1932 that new electric mains would be laid in Burlington House preparatory to the 
alteration of the electrical supply from 110 volts D.C. to 230 volts A.C., and that a 
renewal of the Society’s installation would be necessary. The work was completed during 
the vacation, and at the same time certain improvements in the ventilation of the Meeting 
and Council Rooms were effected. It was necessary to sell part of the Transvaal 3% 
Guaranteed Stock held on General Purposes Capital Account to meet this expenditure. 
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Local Representatives. A meeting of the Local Representatives was held in London 
on March 3lst, 1933, at which each Local Representative reported on progress in his 
district. A report dealing with methods for increasing the usefulness of the Society to 
Fellows outside London and with the arrangement of meetings in conjunction with other 
chemical organisations was drawn up and subsequently adopted by Council. 


British Standards Institution. The Council has had under consideration a report on 
Metric Units of Volume from the British Standards Institution and a request by that 
body to support in future the use of millilitre (ml.) as the unit of volume instead of cubic 
centimetre (c.c.). It was agreed that no definite ruling should be made on this point so 
far as the Journal of the Chemical Society is concerned, and that contributors should 
be invited to give careful consideration to the question and to employ whichever term is 
the more appropriate in any given case. A notice to this effect was attached to the Journal 


for January 1934. 


Annual Reports for 1933. The scheme of reports by groups of experts, which proved 
successful in one subject in previous years, has now been extended to others. The volume 
for 1933 contains a special report on Crystallography covering the years 1932 and 1933 
in addition to the usual reports. 


Research Grants. In accordance with a decision of Council already announced 
the Research Fund Committee met once only during the year to consider applications 
for grants. In December 1933, 78 applications for grants amounting to £816 were 
received from Fellows or applicants for Fellowship, and grants amounting to £616 10s. 
were made. 


Acknowledgments. The Council wishes to express its thanks to the many Fellows who 
have served the Society in various ways, and especially to members of Com- 
mittees, referees of papers submitted for publication, contributors to the Annual 
Reports on the Progress of Chemistry, lecturers, openers of organised discussions, 
and local representatives. 

The Council has received manuscript volumes of considerable historical interest from 
the daughters of the late Professor J. M. Thomson and from Dr. A. Slator; volumes of 
the Society’s publications from Professor A. Smithells and Messrs. Thomas De La Rue & 
Co., Ltd.; the mathematical and physical papers of Lord Kelvin, and the scientific 
papers of Lord Rayleigh from the Faraday Society; a promise from Mr. E. Grant 
Hooper to bequeath to the Society his bound set of the publications of the Society; a 
Moissan Memorial Volume from the Société de Chimie Industrielle; a note-book belonging 
to the late Sir William Tilden from Mr. Philip Tilden; a copy of the Humboldt Medal 
from Mr. Arnold Stevenson; a copy of the Thomson Medal from Professor S. Smiles 
and Professor A. J. Allmand; two photographs from Mr. Charles Lessner, and new 
books from authors and publishers. The Council gratefully acknowledges these gifts. 


VIII. Financial. 


General Purposes Account. 


It will be seen from the accounts that expenditure has exceeded income by £614 11s. 9d. 
Compared with last year, expenditure has increased by £792 6s. 8d. This is mainly due 
to the following increases: Collective Index £250, Contribution to Publications Fund 
£141 19s. 4d., Library £96 lls. 9d., Cost of Meetings £93 3s. 10d., Expenses of Local Repre- 
sentatives {77 lls. 7d., Donations £50. On the other hand, income has increased by 
£164 18s. 10d. owing chiefly to Annual Subscriptions being up by £158 15s. 


General. 


Contributions have been received from the Government Publications Grant (through the 
Royal Society) and from Imperial Chemical Industries, Ltd., towards the cost of the Society’s 
publications, and from an anonymous donor for the General Purposes Account. The 
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Council desires to record its appreciation of these benefactions and to thank those Fellows 
who generously continue to subscribe to the Publications Fund. The Council records 
with gratitude the receipt of a bequest of £100 by the late Professor C. M. Thompson, 
of Cardiff. 


Investments. 


The Ordinary Shares of Lungla (Sylhet) Tea Co., Ltd., and Nedeem Tea Co., Ltd., 
were sold, realising £393 19s. 9d., being less by £299 12s. 9d. than the value 
when bequeathed to the Society by the late Sir Alexander Pedler. The proceeds 
of the sale (£393 19s. 9d.), Professor C. M. Thompson’s Legacy (£100), and Life Com- 
position Fees (£143 2s. 1ld.),—amounting in all to £637 2s. 8d.—were invested in 
£633 lls. 34% Conversion Stock 1961, or after. There remains £101 7s. ld. to be 
invested. 


The adoption of the Report and Accounts, proposed by Prof. A. G. Green and seconded 
by Dr. E. B. R. Prideaux, was carried. 

A vote of thanks to the Auditors (Mr. H. Paget, Dr. H. J. S. Sand and Mr. W. M. Colles) 
was proposed by the Treasurer, seconded by Mr. A. J. Greenaway and carried. They 
were unanimously re-elected to act as Auditors for 1934. 

On the motion of Dr. W. Wardlaw, seconded by Dr. L. Hunter, a vote of thanks to 
the Treasurer, Honorary Secretaries, Council and Committees for their services during 
the past year was passed, Prof. T. S. Moore making a brief acknowledgment. 

The report of the Scrutators on the baliot for the election of Vice-Presidents who have 
not filled the office of President, and of Ordinary Members of Council (Country Members), 
was received, and the President announced that the following had been elected to fill the 
vacancies on the Council for the year 1934—1935 : 


Vice-Presidents, who have filled the office of President.—Professor Percy F. Frankland 
and Sir James Walker. 

Vice-Presidents, who have not filled the office of President.—Professor A. Harden, Pro- 
fessor W. N. Haworth, Professor T. S. Moore, and Dr. N. V. Sidgwick. 

Honorary Secretary.—Dr. H. J. T. Ellingham. 

Ordinary Members of Council (Town Members).—Dr. O. L. Brady, Dr. P. Haas, and 
Dr. E. E. Turner. 

Ordinary Members of Council (Country Members).—Professor F. Challenger and Dr. 
W. Wardlaw. 


A vote of thanks to the Scrutators (Dr. H. E. Cox and Dr. H. D. K. Drew) was proposed 
from the Chair and carried. 

This concluded the business portion of the meeting. The company then assembled 
in the Great Hall of the University and after tea were welcomed by the Vice-Chancellor 
and Principal of the University (Sir Charles Grant Robertson). 

The President then delivered his Address entitled “‘ Unification of the Chemical Pro- 
fession.”’ At its conclusion, a vote of thanks to the President for his services in the Chair 
during the past year and for his Address, with a request that he would allow it to be printed 
in the Journal, was proposed by Mr. W. A. S. Calder, seconded by Mr. William Macnab 
and carried with acclamation, the President making acknowledgment. 

A vote of thanks to the Chancellor, Council and Senate of the University of Birmingham 
for granting permission for the Annual General Meeting to be held in the University and 
for hospitality, moved from the Chair, was carried with acclamation. 

The President then moved a vote of thanks to the Reception Committee and Executive 
Committee for their work in organising the meetings. This was carried unanimously. 


INCOME AND EXPENDITURE GENERAL PURPOSES ACCOUNT ror tHe YEAR ENDED 3list DECEMBER, 1933. 
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Morgan : Unification of the Chemical Profession. 


PRESIDENTIAL ADDRESS. 


Delivered at the ANNUAL GENERAL MEETING, March 22nd, 1934. 
By GILBERT T. Morcan, O.B.E., D.Sc., F.R.S. 
Unification of the Chemical Profession, 


THE last four Presidential Addresses to the Chemical Society have dealt either directly or 
indirectly with the matter of a closer collaboration of chemical associations and with the 
possibility of effecting some measure of reunion among our numerous societies. In select- 
ing such topics my predecessors have correctly sensed a feeling which is exercising the minds 
of many chemists, although opinions are still sharply divided in regard to the practicability 
of evolving a constructive scheme of unification. 

In 1930 Professor Thorpe referred to the need for uniformity of effort and expounded 
a scheme in which this Society, the Society of Chemical Industry, the Institution of Chemical 
Engineers and the Institution of the Rubber Industry were asked to collaborate with 
some seven mining and metallurgical institutions, the idea being to house these bodies 
in one building of which about two-fifths would be assigned for the purposes of the 
chemical group, thus realising the long-cherished ideal of a “‘ Chemistry House.” 

A prominent feature of this scheme was to be the provision of a General Library in 
which the 33,000 volumes from the Chemical Society’s library would represent nearly one- 
half of the total number of books. 

This proposal, which assumed corporate form with the establishment of the Association 
of Technical and Scientific Institutions (also termed Asti for short), has been in abeyance 
for some time, although it still represents a “‘ first step to reunion.”” I need not give details, 
as these are set out in Professor Thorpe’s third presidential address of 1931. 

Professor Henderson’s first address in 1932 was entitled ‘“‘ The Publication of Chemical 
Literature,” the chief work for which the Chemical Society exists. He referred to the heavy 
financial burden carried by this Society and the Society of Chemical Industry, the two 
Societies ‘‘ which perform the valuable national work of publishing the chemical knowledge 
on which the progress of chemistry and its application to industry depend.” An appeal 
was made to those chemists who are not members of these two publishing societies to assist 
in the essential work of publication by making some contribution towards the expense. 

In his second address, Professor Henderson reviewed the present position of the Chemi- 
cal Society and made valuable suggestions in regard to its future policy. He referred to 
the difficulties confronting our Society and other publishing institutions such as the Society 
of Chemical Industry, the Biochemical Society and the Faraday Society. He added: 
‘‘ Consequently one is forced to the conclusion that some form of federation of these societies 
is not only desirable but sooner or later inevitable.” 

Professor Henderson also mentioned that it had been his intention to refer to the case 
for amalgamation or federation but was precluded from doing so owing to the circumstance 
that a Committee of the Federal Council for Chemistry had been appointed to frame a 
scheme for achieving this object. 

Now that a year has elapsed I find myself in much the same position as my predecessor. 
For, although the above-mentioned Committee, of which I am a member, has had many 
discussions, it has not yet been deemed advisable to publish a complete report of its de- 
liberations. As, however, the matter is one of great interest to all British chemists, I 
may perhaps be allowed to give a short historical sketch of the movement without divulging 
confidential matters or embarrassing my fellow members on this committee. 

The matter was recently brought to a head by my Presidential Address of 1932 to the 
Society of Chemical Industry entitled ‘‘ Ourselves and Kindred Societies.” Under this 
heading I discussed present-day conditions of chemical associations as illustrated by a 
survey of the activities of some fourteen chemical institutions, with further remarks con- 
cerning co-operation in publication, prospects of reunion and other cognate topics. The 
subject matter of this address was referred forthwith to ten local sections and three subject 
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groups of the Society of Chemical Industry. Twelve of these reported in favour of an 
investigation into the problem of unification, one only being doubtful of the desirability of 
this step. 

It may be of interest to the present meeting to note that the most concrete suggestion 
came from the Birmingham Section in support of a proposal for the formation of a “‘ British 
Chemical Society ’’ in which all the present scientific and technical organisations should be 
subsidiary divisions, thereby submerging their individuality. At first this merger was to 
exclude the professional and qualifying bodies, although it was hoped to incorporate them 
ultimately. All the sections which were consulted manifested great interest in the general 
idea of unification. 

Another immediate effect of this address was the formation of a Committee of the 
Federal Council consisting of seven representative chemists under the chairmanship of 
Sir William Pope with Mr. Emile Mond as Honorary Secretary. The terms of reference of 
this Committee were as follows :—‘‘ To consider how the resources of the various bodies 
concerned with the professional and scientific welfare of chemists can be more economically 
and efficiently utilised.” This Committee got to Werk in November, 1932, and after 
several meetings drafted a report which was then confidential to the Federal Council. 
Their report was in turn transmitted to the Councils of the three chartered chemical 
associations, namely, the Chemical Society, the Institute of Chemistry and the Society of 
Chemical Industry. After this amount of circulation the report can scarcely now be 
regarded as any longer confidential and indeed it might with advantage be published in its 
entirety. I have, however, no intention of anticipating this publication by referring to the 
document in any detail. Briefly, it calls attention to the inconvenience and disadvantage 
of a multiplicity of scientific, technical and professional bodies dealing with the affairs of 
chemists, and in order to remove such disabilities and to provide a basis for the unification 
and consolidation of the chemical profession it recommends the formation of a new Society 
of Chemistry having objects comparable with those of the various Royal Societies concerned 
with other specific sciences. At its inception this new Society should include all Fellows 
of the Chemical Society, all members of the Society of Chemical Industry and all Fellows 
and Associates of the Institute of Chemistry. The constitution of the new federation would 
be so framed as to permit of the entry as constituent bodies of other chemical organisations. 

The Councils of the Chemical Society and Society of Chemical Industry approved of 
the scheme in principle and appointed representatives with authority to publish the draft 
scheme as finally agreed upon by the enlarged Committee. The Institute of Chemistry 
replied to the effect that its Council could not, at the moment, express general approval of 
the scheme and had appointed a special Committee to consider alternative means of en- 
suring co-operation between the Societies concerned. On May Day, 1933, the Council of 
the Institute transmitted its considered reply to the original scheme of the Committee. 
Since, however, this scheme is not yet public, it would be undesirable to refer in detail to 
the points raised by the Institute’s Council. It is sufficient to mention that after a close 
scrutiny of the details of the scheme the Council of the Institute felt that at this stage the 
formation of a new society is unnecessary. It regretted that it was unable to approve— 
even in general principle—of the scheme suggested by the Committee of the Federal Council 
but was prepared to appoint representatives to confer with the Committee of the Federal 
Council in order to discuss means of promoting co-operation between the three bodies 
concerned and of securing further funds for publication and for the central library on the 
understanding that no scheme should be published without the concurrence of the Council 
of the Institute. 

Subject to the assent of the Federal Council in the foregoing course the Council of the 
Institute submitted as a basis for discussion an alternative scheme under seven headings, 
of which the most important is as follows :—That a Council (with a Deed of Trust) be 
constituted of representatives appointed by the Three Bodies, namely, the Chemical 
Society, the Society of Chemical Industry and the Institute of Chemistry, in proportions 
to be agreed upon, together with representatives appointed by “ Industry.’’ Any other 
bodies connected with chemistry would come into the scheme by invitation to be endorsed 
by the Council of the three original constituent bodies, with appropriate representation. 
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On receipt of this letter the Federal Council resolved ‘‘ That the Institute of Chemistry 
be invited to appoint representatives to confer with the Committee of the Federal Council 
for Chemistry and three representatives each appointed by the Chemical Society and the 
Society of Chemical Industry in order to discuss ab initio means of promoting co-operation 
between the three Bodies concerned and to report to the respective Councils.” This 
invitation was accepted, the Committee of exploration was duly constituted and met to 
prepare a draft scheme for co-operation between the three chartered bodies. 

As, however, the Council of the Institute had specified that such a scheme should not 
be published without its consent, I cannot give full details of Constitution and Objects, 
for these matters are still under discussion. 

But so far as it is permissible to ventilate the subject I should like for the benefit of 
Fellows of the Chemical Society to indicate the present trend of the discussion. The 
prevailing idea now is that while each of the three chartered bodies should retain its 
autonomy they should join in the formation of a Chemical Council constituted under a 
Deed of Trust to consist of twelve members, three nominated by the Chemical Society, three 
by the Institute of Chemistry, three*by the Society of Chemical Industry and three by “ In- 
dustry.” The principal object of this Council would be the collection and allocation of 
funds contributed by the constituent bodies and received from outside sources for the sup- 
port of publications and of a chemical library. The promotion of any other objects of 
general importance to the constituent bodies would naturally come within the purview of 
the new Council. 

Although it is all to the good that such negotiations and discussions are still proceeding, 
it must be admitted that the revised scheme is far from opening up any well-defined avenue 
to unification. This co-operation of the three chartered bodies would if adopted represent 
only one short step in advance. 

It is, however, questionable whether this amount of collaboration would meet the 
criticism of those leaders of industry who complain of the multiplicity of scientific, technical 
and professional associations among chemists. These business men who work in mergers 
and in large combinations fail to see why chemists should need some sixteen separate 
organisations, especially as certain of these associations have overlapping activities. There 
are competitive appeals for more financial support and for increase of membership. 


The Library. 


In any discussion on federation involving the Chemical Society, arrangements affecting 
the Library become an important consideration. 

Our Library contains one of the finest collections of chemical books in the world and is 
a most valuable asset to British chernists and to British chemical industry. From its 
inception the Chemical Society had alone borne the capital expenditure in purchasing this 
collection and the privilege of using the Library was undoubtedly an inducement to chemists 
to join the Society. In recent years the Library has been made available on equal terms 
to members of certain other societies which have contributed towards the cost of mainten- 
ance as indicated in the following table (showing the last four years). 


Contributions from other Societies. 











1930. 1931. 1932. 1933. 
A the Be £ s. d. fy te Qe om a 3 
Association of British Chemical Manufacturers 100 0 0 100 0 0 100 0 0 100 0 0 
Biochemical Society (710)  ...........sescesceeceee 1010 0O 10 10 O 10 10 0O 21 0 0 
Pataday Sacioty (Ga0) sccriccesssscivsscesssascssese 5 5 0 10 10 0 10 10 0 10 0 0 
Institution of Brewing (1390) ................0+0+ 45 0 0 50 0 0 50 0 0 50 @ 0 
Institute of Chemistry (6200) .................:0+ 250 0 0 250 0 0 250 0 0 250 0 0 
Society of Chemical Industry (4333) ............ 100 0 0 150 0 0 100 0 0 100 0 0 
Society of Dyers and Colorists (1093) ......... 10 10 0O 1010 0 10 10 0 10 10 0 
Society of Public Analysts (692) .................. 21 0 0 21 0 0 21 0 0 21 0 0 
TOME cvsascunveqsssesenvassadatases 542 5 O 602 10 0 552 10 0 562 10 0 


(Approximate membership in brackets.) 
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As a result of this arrangement there has been one less inducement for chemists to join the 
Chemical Society. Moreover, Fellows have left the Chemical Society but have continued 
to use the Library as members of one of the seven contributory societies. 

The numbers of attendances, of books borrowed and of individuals using the Library 
clearly indicate that some of these contributory societies are obtaining a privilege for their 
members for which their contributions form a quite inadequate return. 

If members of these contributory societies who use the library were compelled to join 
the Chemical Society in order to retain this privilege, their subscriptions would amount to 
much more than the sums subscribed to the Library Fund by such societies. The following 
is a striking example. 

During the years 1920 to 1933 124 individuals ceased to be Fellows of the Chemical 
Society and nevertheless continued to borrow books as members of the contributing 
Associations. Of this number 25 had been “‘ removed ” by reason of being in arrears with 
two or more annual subscriptions. These numbers do not include those former Fellows 
who avail themselves of our Library for reference purposes only. If this use of the Library 
were included in the foregoing return, the numbers involved would be much greater. 

There is no doubt whatever that this over-generous gesture towards co-operation has 
proved very costly to the Mother Society. 

I have dealt somewhat fully with the Library, because I regard this collection as our 
most characteristic asset. It was clearly in the minds of our Founders in 1841, and suc- 
cessive generations of Presidents and Members of Council have fostered its growth and 
development. We who are now Fellows and reap the benefit of this long-sustained effort 
have no moral right to do anything which would diminish or depreciate the vested interest 
of our Society in its storehouse of chemical knowledge. 


Collaboration in Publication. 


A sub-committee on the business control of publications appointed by the Committee 
of Exploration reported that the annual expenditure of the three chartered societies on 
publication exceeds {£25,000 (excluding costs on account of administration), of which 
editorial salaries and assistance (excluding secretarial staffs) amount to about £5,000. It 
has been suggested that by a central control of business arrangements greater efficiency 
could be achieved and economy effected in production and distribution and eventually in 
editorial expenses. 

One significant item of the sub-committee’s report was a reference to the question of 
a joint publication containing the official notices of the three Societies together with 
ephemeral matter of general interest to chemists. The financial arrangements of such a 
joint publication would require very careful consideration, since the cost of a joint publi- 
cation and its financial influence on the three societies are difficult to estimate owing to the 
uncertain effect of the joint chemical newspaper on the overlap membership and on sub- 
scribers to ‘‘ Chemistry and Industry ” who are not members of the Society of Chemical 
Industry. 

This plea for caution should be repeated in regard to another project for collaboration 
in publication which is outside the purview of the sub-committee’s report. I refer to the 
proposal for a joint journal on physicai chemistry to be published in co-operation with the 
Faraday Society. This matter was mentioned in the Report of Council for 1931—32 
(J., 1932, 1302) and again in the Council’s Report for last year (J., 1933, 454), wherein we 
find that the following recommendation of the Publications and Finance Committees has 
been adopted by Council: “ that in the best interest of British Chemistry it is desirable to 
co-operate with the Faraday Society in publishing a joint journal devoted to physical 
chemistry.” 

The Council’s report adds that the scheme of co-operation drawn up by the Joint 
Committee of the two Societies has also been adopted but should not be put into operation 
in 1933 in view of the estimated cost of producing the joint Journal and of the present 
financial position of the Society. The Treasurer’s report presented this afternoon shows 
that our financial position is worse than it was a year ago. Before this scheme is carried 
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any further I suggest that a serious reconsideration of the matter is highly desirable, for 
we are again at the parting of the ways as when the Library concessions were made fourteen 
years ago—with this difference, however, that we may retrace our steps in the earlier case 
by withdrawing these concessions, but when we are once committed to a joint journal we 
shall have taken a course which is practically irrevocable. 

Last year the Treasurer “ expressed the hope that Fellows would do their utmost to 
induce chemists to join the Society and support the Council in its efforts to increase the 
membership.” He also referred to the 1926 level when there were 4093 Fellows, adding 
that if this position could be regained “‘ the Society would be established in a strong financial 
position and the Council relieved of anxiety.” 

Let us examine the projected scheme of joint publication in the light of the Treasurer’s 
exhortation. Is it going to increase our membership and, if so, in what way ? 

Of 500 members of the Faraday Society, 160 are already Fellows, so that even a complete 
recruitment of the remaining 340 members would barely achieve the Treasurer’s aim. But 
quite a considerable proportion of these outside members are primarily physicists to whom 
this inducement would scarcely appeal. Moreover financial considerations would militate 
against the recruitment for our Society of even the chemical members of the Faraday 
Society. The annual subscription of the latter society is £2, against ours of £3. The 
loyalty to the Mother Society of the 160 members who are already Fellows may continue 
to be proof against this very appreciable difference, but we are bound to take into account 
those who have not yet joined. If any one of these physical chemists could get the journal 
he mainly requires for {2 or even at a slightly increased annual rate, is it likely that he 
would join the Chemical Society at the higher subscription, especially as at present he could 
use our Library and thus refer to all our other publications? It is scarcely conceivable 
that many more chemists would become members of both Societies. On the whole we 
stand to loose members rather than to gain them. 

It is urged in favour of the scheme that it would halve to each Society the cost of 
publication of physico-chemical papers. As there would in all probability be more of 
them to publish, this anticipation is scarcely well founded. It is certainly doubtful whether 
any economy due to joint partnership would compensate for loss of members. 

With the publication of physico-chemical papers under divided control, the remainder 
of the Journal, our sole distinctive publication of original communications, would become 
a journal of organic chemistry with an occasional inorganic paper. Last year nearly 38% 
of the papers published in the Journal were classified under general, physical and inorganic 
chemistry. Presumably under the adopted scheme the greater part of these would appear 
in the joint Journal. Now hitherto from its commencement it has been the duty and 
prerogative of the Chemical Society to publish independently all physico-chemical papers 
submitted to it. Our first President, Thomas Graham, may be regarded as the founder 
of physical chemistry in Great Britain and many of his successors have been distinguished 
physical chemists. In view of our early development, ought we to cease even in part 
to fulfil this essential function of publishing physico-chemical papers? If a separate 
journal be really needed for physical chemistry, it should surely be the business of our 
Society to supply this service and so maintain its old standard and prestige. 


Our Provincial Meetings. 


Since its foundation 93 years ago the Chemical Society has been a centralised republic 
of classical type, but with the growth of chemical activities in provincial centres it has been 
felt increasingly at the London Headquarters that some effort should be made to bring the 
Society more prominently before the notice of chemists living outside the metropolis. 
Our annual general meetings are no longer confined to London and the present popular 
Birmingham meeting is the fourth of the provincial series. This alternation between 
London and the provinces is likely to remain a permanent feature in our annual programmes. 

In 1932 a further step was taken when local representatives of the Chemical Society 
were selected for the chief provincial centres for the purpose of promoting the social and 
scientific activities of the Society outside London. One of our three Honorary Secretaries 
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has taken special charge of this new movement and in collaboration with the new local 
representatives, who have all displayed great zeal and enthusiasm, a programme of about 
20 local meetings has been arranged. These meetings are certainly comparable in general 
importance and in scientific interest with those held at Burlington House. 

The Council has very wisely refrained from instituting local sections. Had this course 
been adopted, these provincial groups of the Chemical Society would have found themselves 
in competition with the local sections of several other chemical organisations. By refrain- 
ing from this directly competitive action and by taking a more detached view of the local 
politics of contending sections our representatives may eventually be able very materially 
to assist in the elimination of overlap and unnecessary competition. There is already much 
evidence that in certain local centres the members of various chemical bodies are showing 
a willingness to collaborate in the annual arrangement of scientific meetings. It may well 
be that the reunion which some of us desire may be brought about in this manner by 
federations among chemists located in provincial centres. 


A Possible Ideal. 


A few years ago Professor Travers commented in the chemical press on the fact that 
the notice boards of the Chemical Department in his University displayed three appeals 
each exhorting students and graduates to join a particular chemical institution. In this 
case these invitations were in favour of the three chartered bodies, but it seems highly 
probable that in the near future the number of such appeals will increase, for we are still 
in the competitive age of chemical associations. Each organisation has enthusiastic 
supporters who are convinced that their special society would render more services to 
chemists and to chemistry if only they could secure more members and obtain more finan- 
cial support. But the field for missionary enterprise is not unlimited and the purses of 
chemists are not inexhaustible. 

The discussions of the last two years have brought out a few interesting facts in regard 
to the number and affiliations of British Chemists. The total membership of the three 
chartered bodies is approximately 14,000, but owing to overlap of membership (about 
3,000) this number really represents 11,000 individuals. It has been estimated that there 
are from 5,000 to 10,000 chemists outside the three main bodies, although probably a 
substantial number of these are members of other chemical associations. 

The total membership of some twelve chemical associations, other than the three 
chartered bodies, amounts to approximately 10,800, but as there is undoubtedly consider- 
able overlap, in some cases amounting to more than 50%, this total probably represents 
only about 5,000 individuals or even somewhat less. 

For instance, the British Association of Chemists now has a membership of 1,600, of 
whom about 54% are also members of the Institute of Chemistry. 

If in addition to the 11,000 members of the three chartered bodies we could attract 
into a more comprehensive organisation 4,000 of the chemists at present outside the 
chartered societies, we should secure 15,000 adherents and the question which next arises 
is what would be an adequate fee to pay an institution which could give to each member 
recognition of professional status, library facilities, opportunities for scientific meetings 
and the chemical literature he mainly needs. If this fee were assessed at £5 per annum, it 
would be less than the total subscription paid nowadays by a chemist belonging to more 
than two of our separate organisations. 

This annual fee paid by 15,000 members would ultimately produce a revenue of £75,000, 
which compares favourably with the £46,700 collected in 1931 as the combined subscriptions 
of some 15 chemical associations which in that year ended with a deficit of approximately 
£1000 in spite of additional revenues amounting to £31,300 derived from investments, sales 
of publications, advertisements, rents and occasional donations, giving a total joint income 
of £78,000. 

To be on the safe side in our new organisation we should require an annual income of 
at least £85,000. Assuming that the dividends and fees of the present societies were 
still available, these amounted in 1931 to approximately £7,400. To reach the total of 
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£85,000 the revenues from advertisements and sales of publications would need to be about 
£3,000. But in 1931 these advertisements and sales of publications furnished the 15 
societies with a revenue of £23,800. It is scarcely to be contemplated that this rationalis- 
ation of our publishing activities would lead to a loss represented by £20,000. Accordingly 
I feel justified in assuming that we should be financially better off as a result of this con- 
certed effort at unification, even after taking into account the fact that certain of our Fel- 
lows and Members have paid life compositions to one or more of the chartered bodies so 
that these members cannot be included among those who would pay the full annual 
subscription. 

The plan thus outlined may be regarded as impracticable because at present there is 
no central office of sufficient size from which the scheme could be operated and administered. 
The permanent officials of the three chartered bodies discussed office accommodation in 
their report to the Federal Council and suggested £35,0C0 for additional offices apart from 
cost or rent of site. If suitable accommodation were rented, the annual cost would be 
upwards of £3,000. Either of these solutions would involve extra expenditure on the part 
of the new Society. But in this discussion I have not allowed for any help from “ Industry,”’ 
which might, however, be forthcoming to a larger extent than at present if only chemists 
would set their house in order by some substantial measure of federation. 

The data I have selected may be tinged with the optimism which not infrequently ac- 
companies the solicitations of a company promoter, but as my aim is really a brotherhood 
rather than a commercial undertaking I believe that the main difficulties are psychological 
rather than financial. Brothers are apt to disagree and fraternity is a lofty ideal difficult 
to reach and harder still to maintain. There are many prominent members of our profess- 
ion who are still convinced that our present highly sectionalised condition is the best arrange- 
ment we are likely to obtain among British chemists, and they regard the increase in special- 
ist societies as an inevitable consequence of the development of chemical science in its 
application to industry. This separatist movement has recently been countered by the 
Society of Chemical Industry, which has extended its group system so that it now has four 
subject groups, to this extent obviating the formation of four new associations. But much 
more remains to be done before federation becomes a living force among us. Fifty-two 
years have elapsed since the Newcastle Chemical Society merged into the larger organisation 
and became the Newcastle Section of the Society of Chemical Industry. In 1932 the 
Food Group of the same Society absorbed into its membership a newly formed Society of 
Food Industry. These two altruistic acts of unification among British chemists might be 
repeated with benefit to the whole profession. 

Recently, British physicists have set us a good example in the merging together of the 
Physical Society of London and the Optical Society. I might also mention the reunion 
which has recently taken place among the various branches of the Methodist Church. In 
both temporal and spiritual matters, unity is strength. 

Professor Henderson did not overstress the point when he said of the various publishing 
societies that federation is sooner or later inevitable. Why need we wait until driven to 
this course by financial stringency? There are certain incidents, not to be mentioned 
even in a presidential address, which tend to show that it does not pay us individually to 
be members of a disunited profession. 


Bureau of Chemical Abstracts. 


I have not referred specially to this Bureau, instituted by our Society and the Society 
of Chemical Industry, because the machinery which Professor Philip devised and tended 
for nine years still continues to run smoothly more in spite of than because of my chair- 
manship. The Bureau is, however, still hampered for want of funds. Our aim to produce 
a Richter formula index is still unattainable on account of its costliness and it is even doubt- 
ful whether we can afford to prepare and maintain at Headquarters a card index of new 
compounds to which research workers might refer on application. Our biochemical 
abstracts have increased so considerably that it has been found necessary to give additional 
assistance to the Sub-Editor for that section. The comprehensive system of abbreviations 
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continues to be used in our abstracts for reasons of economy, although it is still hoped that 
whenever our finances are improved it may be found possible to dispense with most of 
these shortened forms. The burden of this publication still presses heavily on both par- 
ticipating Societies. Occasionally I receive suggestions to the effect that it might be desir- 
able to discontinue British Abstracts and leave our Fellows and Members to depend on 
one or other of the two foreign sets of abstracts which are comparable in scope with our 
own. The loss of prestige to British chemistry occasioned by this discontinuance would 
be out of all proportion to the saving effected. It would be another inducement the less 
to join the two publishing Societies and the effect would soon be apparent in further loss 
of membership. I am not alone in the belief that British Abstracts are the best in the 
world and all will admit that they maintain a very high standard. British chemists should 
continue to use them rather than send their subscriptions abroad for a foreign set. The 
money is well spent in our own country, since that portion of the cost of our Abstracts 
represented by Editorial fees and Abstractors’ honoraria actually returns to members of 
our profession who are subscribers to one or both of the publishing societies. 


The Journal. 


Our Journal is an inescapable item of our expenditure, since the publication of original 
communications is a primary function of the Society. The average cost during the last 
few years has been of the order of £5,500. It would certainly exceed this amount but for 
the close scrutiny maintained by the Publication Committee. Every reasonable scope is, 
however, given to authors and actually the number of papers declined is less than 3%, 
out of a total of about 400 per annum. These papers represent the main output of original 
work in pure chemistry carried out by British chemists. 

It follows that all the active research schools of chemistry in the country are indebted 
to the Chemical Society for furnishing a widely circulated medium of publication. Some 
ten years ago our former Treasurer, Professor Thorpe, issued an S.O.S. in regard to the 
increasing cost of this publication. Many individuals responded and a special publications 
fund was instituted. But the University of Birmingham was the only academic institution 
which honoured the Treasurer’s appeal with a substantial donation. This timely and 
generous gesture is worthy of recurrent imitation by all British Universities. Any research 
school or institution which benefits by the Society’s assistance in publication might well 
be invited to show its appreciation of this service by a contribution towards the expenses 


of the Journal. 
A Seven Years’ Plan. 


I have referred to the difficulties which to-day confront the Chemical Society, an 
institution which merits the support of all members of the profession, because as the oldest 
chemical society in the world it has played the chief part in spreading chemical knowledge 
among British chemists and in securing general recognition for the chemical profession 
throughout the British Empire. Much that the Society has done in these respects is 
undervalued by the rising generation in spite of the fact that, with truly maternal instinct, the 
Mother Society has placed her resources and amenities freely at the disposal of the daughter 
societies. These younger institutions ought now to manifest some measure of filial gratitude 
for the privileges so generously extended by the parent body. As matters stand at present, 
unilateral concessions by the Chemical Society do not promote reunion but rather 
impede it, since they confer uncovenanted benefits on many sectional organisations and 
even on individuals outside our numerous associations. 

The protracted discussions still in progress are indicative of the great difficulty ex- 
perienced in reversing a separatist movement which has been in operation for more than 
sixty years. This development arose in spite of the wide objective which our Founders 
plainly had in view. Their aims are clearly expressed in the original charter of the Society 
granted in 1848. Therein it was stated that the Society was established ‘‘ for the general 
advancement of Chemical Science, as intimately connected with the prosperity of the 
manufactures in the United Kingdom, many of which mainly depend on the application of 
chemical principles and discoveries for their beneficial development, and for a more ex- 
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tended and economical application of the industrial resources and sanatory condition of 
the community.” It is significant that the term “ application ” occurs twice in this open- 
ing passage of our original Charter. The scope of this application is sufficiently wide to 
cover the whole range of industrial chemistry. Had this policy been more actively pursued 
in the early days, certain specialist societies might have developed as subject groups of 
the parent body similar to those which have since been formed within the Society of 
Chemical Industry. 

The larger organisation which. I have in mind would undertake the publication of all 
original contributions from British chemists and also of British chemical abstracts. It 
would distribute these communications in conveniently sectionalised forms according to 
the requirements of its various groups of members. Provided always that the great 
majority of British chemists joined this more comprehensive society, it would become 
possible for its publications committee to devise a scheme whereby a member could select 
a certain set of publications suited to his needs. The bond of union would be the weekly 
chemical newspaper which among other items of information would contain summaries 
of the proceedings of all the various groups of the main federation. A Society of Chemistry 
having 15,000 members would be capable financially of undertaking this task of publication 
over the whole range of chemical subjects, especially with the aid of a substantial con- 
tribution from “ Industry ” which would probably be forthcoming if this consolidation of 
chemical interests were an accomplished fact. 

It would be impossible for long to keep the scientific and professional aspects of chemical 
organisation in separate water-tight compartments. Already the lines of demarcation are 
becoming obliterated. Our largest professional body, the Institute of Chemistry, is 
publishing an ever-increasing amount of scientific matter in its Proceedings and in reprints 
of lectures and discourses on the most varied chemical topics. The-Institution of Chemical 
Engineers, another qualifying body, issues an annual publication of scientific and technical 
communications. 

The extent to which one all-embracing society could legislate for both the scientific 
and the professional needs of chemists is a knotty problem in any comprehensive scheme of 
reunion. It is evident, however, that our Founders originally meant the Chemical Society 
to be a qualifying body as well as a scientific association, for they recognised two grades 
of members, who in accordance with the Royal Charter were designated Fellows and Asso- 
ciates. A great opportunity for the unification of the profession was lost when the grade 
of Associate was allowed to lapse. In the few years during which this grade was in active 
being it secured at least one adherent of undying fame, namely, August Kekulé. 

Within the wide ambit of the Charter of Incorporation of the Chemical Society one finds 
both the main objective of our numerous technological societies and a definite forecast of 
the Institute of Chemistry and other professional bodies. 

Unfortunately, later developments along these foreseen lines materialised outside the 
Mother Society rather than under its auspices, so that the chemical profession became 
progressively disunited. I suggest that unification would be best effected by a return of 
the many chemical wanderers to the one parental fold. For more than forty years we have 
erred and strayed in a wilderness of conflicting interests. Might we not from now onwards 
strive to reach a more congenial Canaan of confederation so that when in 1941 the Chemical 
Society celebrates its centenary it may once again be fully representative of British chemists 
and of British chemistry ? 
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JOHANNES CHRISTIAN BRUNNICH. 
1862—1933. 


JOHANNES CHRISTIAN BRUNNICH, who died on July 3rd, 1933, in his seventy-second year, 
wandered in many countries before he settled down in Australia in 1885. Born in Gorizia, 
Austria, the son of a Lutheran minister, he spent his early youth in Bohemia and then 
received most of his education in Switzerland, first at an institution where his father was 
lecturer in mathematics and later at the Federal Polytechnic School at Zurich, where his 
special study was chemistry. Afterwards he travelled in Russia and for a time served 
with a firm of wholesale druggists in Tiflis; from that he turned to sugar-mill work in 
Bohemia. While doing military service in Switzerland in 1884, he met one of the old 
pioneers of Queensland, Dr. Muller, whose stories evidently fired the young man’s imagin- 
ation, for he migrated to Australia early in 1885, where, after holding an appointment as 
manager and sugar-boiler in a Queensland malt refinery, he became in 1887 the chief 
chemist and manager of an important mill of the Colonial Sugar Refining Company near 
Mackay. 

His enthusiasm and capacity for original investigation quickly gained for him a high 
reputation and in 1896 he was invited to take the post of Agricultural Chemist in the 
Department of Agriculture and Stock, and there he remained for 35 years, retiring in 1931. 
He also served as lecturer in chemistry at the Agricultural College at Gatton, near Brisbane. 

Briinnich played a big part in developing the cane sugar industry in Queensland. 
The original plan for experiment stations was his, and his advice was always sought on 
technical problems of this industry, which, ever closely associated with politics, has had 
its full share of public inquiries and legislation. An agricultural chemist in a dominion 
department must, however, be a man of wide interests and capacity and, apart from his 
association with sugar, Briinnich did extensive work on such widely different subjects as 
tobacco culture, prickly pear eradication, soil analysis, dipping fluids for countering ecto- 
parasites on animals, natural grasses and pastures, and fertilisers. At a time when few 
people realised the extent and significance of malnutrition of stock in the northern areas 
of Australia he was carrying out notable work which led, amongst other things, to the early 
introduction of phosphatic licks. His studies of pasture composition are to-day a useful 
basis for the much more intensive work which others, following in his wake, know to be 
essential to the development of the pastoral industries of Australia. 

Quiet in manner, absolutely reliable in his laboratory work and in his judgments, 
Briinnich exercised marked influence in the development of applied chemistry in Queens- 
land and in his own section set a high standard in the agricultural work of the State Depart- 
ment. He was elected to the Fellowship of the Society in 1898 and to that of the Institute 
of Chemistry in 1905. 

A. C. D. RIvett. 





ARTHUR GEORGE EVERARD. 
1864—1934. 


ARTHUR GEORGE EVERARD was born at Bishop’s Stortford on March 25th, 1864. He was 
educated at the Non-Conformist Grammar School, Bishop’s Stortford, and was apprenticed 
to a chemist and druggist at Epping. After obtaining his membership of the Pharm- 
aceutical Society, he took a business in Chichester, where he devoted his spare time, after 
shop hours, to the study of medicine. He obtained his L.S.A. in 1896 and his M.R.C.S. 
and L.R.C.P. at Charing Cross Hospital in 1900. For 30 years he was in practice at 
Clapham as a general practitioner; he lectured on hygiene and first aid at the L.C.C., 
and was a member of the London Panel Committee under the National Health Insurance 
Act, a Director of the Lambeth Pension Society, and a Life Governor of the Royal United 
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Beneficial Association. Retiring from practice in 1929, Everard resided in Biggin Hill, 
Kent, where he had many interests, including horticulture and poultry-farming. He took 
an active part in ecclesiastical affairs, giving a site for a mission hall and assisting in raising 
the necessary funds for building. After a few weeks of rapidly declining health, he died 
in his sleep on February 7th, 1934. An untiring worker, who ever gave strict attention 
to duty, he leaves many friends, to whom he had endeared himself by his thoughtful 
kindness, to mourn his loss. 





JOHN BRIGHT HOBLYN. 
1880—1933. 


In his 54th year Mr. Hoblyn, who had suffered bad health for a year or two, passed away 
suddenly on the 24th December, 1933. 

Hoblyn was born at Dewsbury in 1880 and attended the Dewsbury Technical College. 
In 1897 he was awarded a Queen’s Prize in Practical Chemistry by the Board of Education. 
In 1898 he obtained Honours Part 1 in Practical Inorganic Chemistry in the Board of 
Education examination, and in 1899 Honours in Practical Organic Chemistry. He then 
passed as Hinchcliffe exhibitioner to the Royal College of Science in 1901. He took first 
place in England with First Class Honours Part 2 in the Board of Education examination 
in Practical Chemistry in 1903, and first place in England with First Class Honours Part 2 
in Theoretical Chemistry in 1904, when he was also awarded an Associateship of the Royal 
College of Science in the first class division of chemistry. In 1905 he obtained by examin- 
ation the A.I.C., and in 1912 the F.I.C. 

In 1904 he was appointed science master at the Modern School, Luton, where he became 
an exceedingly popular master, and where opportunities were given to him to enter the 
social life of Luton. 

Eleven years later he was invited to become Chief Chemist and Metallurgist of the 
Vauxhall Motors Ltd. During his 18 years with the Vauxhall Co. he never forgot his old 
school. It is true to say that nearly all his assistants were old boys of the Modern School, 
Luton. 

During Hoblyn’s life at the Vauxhall Motors he instituted a training scheme for ap- 
prentices which has produced many young fellows who are now doing splendid work in 
the automobile industry throughout the world. It was a great joy to him to see his students 
rise. He took a very deep interest in their social life and must be regarded with a parental 
affection by many. 

As a public worker he was a member of the Public Libraries Committee, a representative 
of the County Council on the Board of Governors of Luton Modern and High Schools. 
Up to his illness he was a member of the local employment committee. As President of 
the Old Lutonians Club he was a great inspiration and guiding hand, and, of course, he 
never lost touch with the Old Luton Modernians Club. 

He was a man of great sympathy and vision, perhaps a little unorthodox, and found 
difficulty in training himself to the discipline of a large commercial undertaking. His 
whole interest was science, and anything which was not done in a scientific way was frowned 
upon. He had the courage of his convictions and never lost an opportunity of declaring 
them both in his office and at scientific meetings. A humorous aspect of his idiosyncrasies 
was that right to the last he always wore a Luton straw hat exhibiting his old college 
colours. 

I am sure that he will be missed from his many activities in the Institution of Auto- 
mobile Engineers, and elsewhere. 

He leaves behind a widow and one son, who is following his father’s lead. He has 
obtained the Ph.D. in Chemical Engineering at the University of London. Last year he 
was awarded one of the four fellowships in Industrial Chemistry offered by the Court of 


the Worshipful Company of Salters. 
E. A. EvANs. 
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EDWARD WATKIN LEWIS. 


EDWARD WATKIN LEwIs received his training in Chemistry at the City and Guilds College 
under Professor Armstrong. He gained his diploma in 1898 and continued his training 
while holding a Salters’ Research Fellowship, subsequently acting for a year as private 
Assistant to the Professor. During this period he carried out researches on substitution 
in phenols, part of which was published under the title ‘ Tertiary Butylphenol”’ in the 
Transactions (1903, 83, 329). 

He began his industrial career with the Associated Portland Cement Company at their 
Greenhithe Works, leaving them in 1904 to become chief chemist to Messrs. J. G. Ingram 
and Sons, Rubber Manufacturers, at Hackney. Here he carried out research work on 
rubber and translated from the German by Heil and Esch, “‘ The Manufacture of Rubber 
Gocds.”’ He also wrote the article on India Rubber for the 4th (1911) Edition of Allen’s 
“‘ Commercial Organic Analysis.” 

During the War, in 1917, when leather presented so many problems of national im- 
portance, he transferred his services to Messrs. Barrow, Hepburn and Gale, of Bermondsey, 
for whom he acted as head. chemist, and with whom he remained until 1926 throughout 
a period of considerable depression in the leather industry. 

In 1926, he moved north to Widnes, where he became Assistant to the Managing 
Director of Messrs. Bowmans, who were then engaged in seeking to make lactic acid of 
high quality in this country, a quest in which they have now achieved success. The task 
in the early days was a difficult one and gave Lewis great trouble, to some extent im- 
pairing his health. He left Bowmans in 1929 and later went to Rhos-on-Sea, hoping to 
recover his health. 

Never of strong physique, Lewis was very quiet and reticent in manner and to this 
extent, perhaps, his genius for thorough and sincere work would have been better used in 
pure research than in the strenuous life of modern industrial competition. In private 


life he was a charming and congenial companion. 
E. F. A. 





NIAL PATRICK KENNETH JAMES O’NEILL McCLELAND. 
1887—1933. 


NIAL PatrRIcK KENNETH JAMES O’NEILL MCCLELAND, who was born at Moscow, received 
his earlier education at Charterhouse and came up to Cambridge as a scholar of Pembroke 
College in 1906. During his first three years at the University he read Mathematics and 
was 22nd Wrangler in 1909 in the last Mathematical Tripos in which the successful can- 
didates were arranged in order of merit. In the following year he read Natural Science 
and was placed in the Second Class in Part I of the Natural Sciences Tripos. He then 
began research work in Chemistry, at first under the direction of Dr. H. J. H. Fenton and 
later in conjunction with Mr. J. E. Purvis. 

McCleland was keenly interested in military training. He was an active member of 
the Cambridge University Officers’ Training Corps and from this he was commissioned 
into the Special Reserve of Officers and posted to the Queen’s Own (Royal West Kent) 
Regiment. When war was declared in August, 1914, he was serving an attachment with 
the Ist Battalion of this Regiment in Dublin. Mobilised with them, he went out to France 
with the original Expeditionary Force. He was at the Battle of Mons and went through 
the Retreat. 

He remained with his battalion until March, 1916, when he was seconded for duty 
under the Director of Gas Services. He acted as Chemical Adviser to the XIII Corps 
and later to the Third Army. He was wounded and mentioned in dispatches. 

In April, 1918, after nearly 34 years’ continuous service in France, he was transferred 
to the Chemical Warfare Experimental Station at Porton, where his knowledge of con- 
ditions at the Front was of great assistance. 
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After the Armistice he went to Archangel with the North Russian Field Force. He 
was given the rank of Lieutenant-Colonel and valued the title very highly. 

Returning to Cambridge in October, 1919, he was elected a Fellow of his College and 
two years later Bursar. In the post-War period the work of the University went on at 
a higher pressure than ever before and in these strenuous times McCleland’s bursarial 
duties, his research work in the Chemical Laboratory, his college teaching, and his en- 
thusiastic interest in the social and athletic activities of his College gave him an exceedingly 
full and varied life. 

He lectured for the Board of Military Studies and was from time to time a member 
of that body. Until 1931 he was in command of the Infantry Battalion of the University 
O.T.C. 

He had a great love of music, and for the works of Wagner in particular he had the most 
enthusiastic admiration. He was no mean performer on the pianoforte, and he has left 
behind him a considerable amount of musical MSS of his own composing. He took a 
great interest in rowing and at the Lent and May Races he was usually to be seen on horse- 
back on the tow-path acting as an umpire. He was also an enthusiast for Association 
Football and for several years he was Treasurer of the University Association Football 
Club. 

McCleland’s first scientific paper dealt with the rates of transformation of the bimole- 
cular form of glycollaldehyde into its unimolecular form in different solvents. His work 
with Purvis was concerned with the absorption spectra of various organic compounds 
in the gaseous, as well as in the liquid, or dissolved state. 

After the War he was chiefly engaged in the investigation of organic compounds of 
arsenic and his work resulted in interesting additions to our knowledge of the formation 
of heterocyclic rings containing this element. 

With Aeschlimann he discovered the curious transformation of the acid chloride of 

o-carboxydiphenylchloroarsine (I) into the isomeric benzophenone-o-dichloroarsine (II) 
wt the influence of aluminium chloride (J., 1924, 125, 2025). 


COCcl a , eH, 
C,H, See H 
As AsCl, As— 4 


a.) ¢l (II.) (III.) 


With Aeschlimann, Lees, and Nicklin he demonstrated the readiness of formation 
of various derivatives of o0’-diphenylenearsine (the arsenic analogue of carbazole) by ring- 
closure from the appropriate derivatives of diphenyl (J., 1925, 127, 66). 

Perhaps the most interesting result of this series of investigations was the discovery, 
with J. B. Whitworth, of a compound composed of two arsenic atoms and three o-phenylene 
residues, to which the structure (III) was assigned, in which the planes of the three benzene 
rings were regarded as inclined at 120° to one another (J., 1927, 2753). 

His last scientific communication was a paper with R. H. Wilson on the formation of 
3-chloromercuripyridine and its use in synthesis (J., 1932, 1263, 1497). 

His death at the age of 46 was the result of a cycling accident. He was thrown from 
his bicycle by an overtaking lorry and extensively bruised, and though his injuries were 
not at the time regarded as serious he died a month later of embolism. 

His premature death was a grievous loss to his college and his many friends. He was 
a capable administrator and a successful and inspiring teacher who gained the respect 
and affection of his pupils. He was one of the most generous of men. He was unmarried 
and valued highly the opportunities which life in college affords for intimate association 
with colleagues and undergraduates. To his College he had an intense and single-hearted 


devotion and he wa8 a very loyal friend. 
W. H. MILLs. 
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PATTINSON BANKS MELMORE. 
1857—1933. 


PATTINSON BANKS MELMORE was educated first under Dr. R. K. Brewer at Boston Spa, 
Yorkshire, and then at the Edinburgh Institution, of which Dr. R. M. Ferguson was at 
the time Headmaster. Having passed to the Royal College of Chemistry, South Kensing- 
ton, and received his technical training at the hands of Professor (afterwards Sir Edward) 
Frankland, he established a private practice at Maryport, Cumberland, and was thence- 
forth principally occupied in the analysis of the raw materials and finished products of 
the metallurgical industry. In the course of business he visited most of the German 
iron and steel centres; and as the result of a long experience was frequently called upon 
to arbitrate in disputed cases. 

In 1889 he married Charlotte Ann Tiffin of Maryport, who died in 1919. 

He took an active interest in the progress of the Cumberland and Westmorland 
Literary and Scientific Association, a body which, in the short period of its existence, 
published more than one paper of importance to those outside the two counties; and was 
for a time vice-president of the affiliated society in Maryport. 

In 1905 he was appointed a Justice of the Peace for the County of Cumberland. 

Though he did not publish any original contribution to the advancement of chemistry, 
he was always ready to help and encourage those engaged in scientific research, a fact 
to which his son will ever bear grateful testimony. 

He gave up his professional activities in 1923 and retired to Acomb, near York, where 
he died on November 30th, 1933, having lived to the age of 76. He was elected a Fellow 
of the Chemical Society on May 20th, 1875. 

S. M. 





RICHARD JACKSON MOSS. 
1847—1934. 


THE death on January 27th, 1934, of Richard Jackson Moss at the age of 87 closes a career 
extending far back into the last century and, as was not uncommon among his contem- 
poraries, covering many branches of scientific investigation. His life work was bound 
up with the many-sided activities of the Royal Dublin Society, of which he became Chemical 
Analyst and Keeper of the Minerals in 1875, and Registrar in 1878, a position which he 
held until his retirement early in 1921. The Registrar was at that time the Chief Officer 
of the Society, and Mr. Moss’s duties included, not only the analytical work of the Society’s 
chemical laboratory, but also such varied tasks as the organisation of the Dublin Horse 
Show, the holding of Art Competitions and Exhibitions, and the arrangement of the 
Society’s programmes of recitals of classical music. Little time was thus left him for 
research, but in spite of this he managed to do valuable work in various directions. 

Among other work may be mentioned methods of determining the gaseous content 
of water and also of various minerals. The latter method, which involved grinding in a 
vacuum, he used to estimate the helium in pitchblende. He was one of the first, if not the 
first person, in Ireland to take X-ray photographs, which he did with a tube which he 
made himself. He was much interested in archeological problems, and was the oldest 
member of the Royal Irish Academy, which he joined in 1874 and to which he contributed 
his last paper on a chemical examination of some ancient Irish metallurgical crucibles in 
1926. 

His most valuable scientific work, however, was probably the part that he played in 
the development of the radon method of radium therapy. The idea of using radon capil- 
laries instead of tubes containing radium element originated with Joly, and the first applic- 
ation of such tubes to the treatment of disease was made by Stevenson, but the actual 
preparation of the tubes was carried out by Moss and his assistants, the late E. A. Stone 
and G. H. Deane, in the Society’s laboratory, with apparatus largely constructed with 
his own hands. This was in 1914, and the Society’s Radium Institute founded at that 





564 Obituary Notices. 


time did invaluable work during the Great War in the provision of radon tubes for the 
treatment of wound scars, and has ever since annually distributed relatively large numbers 
of tubes for the treatment of disease. Moss remained a member of the Committee re- 
sponsible for its management to the end, and was always a welcome visitor in the laboratory. 
His death within a few weeks of that of Dr. Joly, and only a few years of that of Dr. 
Stevenson, removes the last of a little band of co-workers to whom many of their country- 


men have good reason for feeling grateful. 
H. H. P. 





FREDERIC LEWIS NATHAN. 
1861—1933. 


COLONEL SiR F, L. NATHAN, K.B.E., joined the Royal Artillery in 1879. In 1886, he took 
up an appointment at the Royal Arsenal, Woolwich, where he had a great deal to do with 
the experimental work then in progress, which ultimately led to the introduction of Cordite 
Mark 1 into the British Services. 

It was there that Sir Frederic first began his study of the problems of Chemical Industry 
with which he was destined to be so closely associated for the rest of his life. 

In 1889 he joined the Royal Gunpowder Factory at Waltham Abbey, where he later 
became Superintendent, a position which he held until he retired from Government Service 
in 1909, to take up the Works Managership of Nobel’s Explosives Factory at Ardeer. 

That Sir Frederick was at Waltham Abbey when the writer joined that factory in 
1894 will always be counted by him as most fortunate. He found there a Chief whose 
interest in all technical and experimental work was unflagging and whose contribution 
to the evolution of new processes of manufacture was not merely critical but substantive. 

Every process then in use for the manufacture of explosives at Waltham Abbey was 
carefully and intensively studied with the result that the methods for the manufacture of 
nitroglycerine, gun-cotton and nitrating acids and for the recovery of solvents were entirely 
revolutionised, and new forms of plant designed and erected. 

It was indeed a great privilege to be allowed to assist in the careful investigation into 
safety precautions for handling explosives, a subject on which Sir Frederic was authorita- 
tive, and to have observed the growth of the Factory in efficiency until it became the 
model for private firms as regards costs and technique. These were educative influences 
which the writer would like to acknowledge as important and unforgettable. 

It was again the writer’s privilege to serve under Sir Frederic when he left the Govern- 
ment Service in 1909 to take up the position of Works Manager at Nobel’s Explosives 
Factory at Ardeer, where many other developments in the technique of the manufacture 
of explosives were introduced as the result of Sir Frederic’s initiative. 

Early in 1914, Nobel’s Explosives Company decided that it was necessary to duplicate 
their Ardeer Factory in another part of the country, and Sir Frederic was asked to under- 
take the design and supervision of the erection of this factory. Pembrey was ultimately 
selected as suitable for the erection of a T.N.T. and Propellant Factory, and until early 
in 1915 Sir Frederic was engaged on the design of this factory. 

The Admiralty then requested him to take over the design and erection of what is now 
the Royal Naval Cordite Factory at Holton Heath. 

The projection of the Nobel Factory at Pembrey proved a very fortunate thing for 
this country, because when war actually broke out, Sir Frederic was able to make im- 
mediately available to the Government a complete set of up-to-date plans for a modern 
Cordite Factory. The Misk Factory extensions at Ardeer, the Gretna Factory of the 
Ministry of Munitions, and the Royal Naval Cordite Factory were, to a large extent, based 
on these designs. 

Later in the war, Sir Frederic was appointed Controller of Propellant Supplies under 
the Ministry of Munitions, and carried out many important investigations for which his 
intimate knowledge of the properties of cordite rendered him particularly well fitted. 

In 1920, Sir Frederic was appointed Power Alcohol Investigation Officer under the 
D.S.1.R. and was responsible for several important memoranda on this subject. 
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In 1925, he became Intelligence Officer to the Fuel Research Board, an appointment 
which he held until the time of his death. 

The foregoing gives only a bare outline of Sir Frederic’s general activities. It does 
not indicate the great influence he exerted on the advancement of chemistry and chemical 
industry in this country. 

Perhaps his most outstanding personal characteristic was his power of organisation. 
No matter how involved or complicated the subject he touched, his logical mind led him 
at once to the elimination of what was unnecessary and the simplification of what remained. 

It is not too much to say that his influence on the growth and development of a large 
concern such as Nobel’s Explosives Company was profound, and that systems of organis- 
ation which he introduced there have been widely adopted in the Chemical Industry of 
to-day. 

Of a charming personality, the more intimately one knew Sir Frederic, the better one 
appreciated his qualities. Whenever a new problem presented itself he spared no pains 
in finding out all that was known on the subject in order to direct the work in such a way 
that a solution of the problem could be arrived at with as little expenditure of time and 
labour as possible. A master of efficiency himself, he could not tolerate inefficiency in 
others. He was at times frankly outspoken in his criticisms, whether of his superiors, 
inferiors or equals, but always strictly just in all his dealings. His loss will be deeply 


felt by a wide circle of friends and co-workers. 
Ws. RINTOUL. 





ROBERT ELLIOT STEEL. 
1853—1933. 


RoBERT ELLIoT STEEL, who was elected a Fellow in 1885, was born on January 17th, 
1853, and received his early education at Manchester Grammar School. Winning a 
Demyship at Magdalen College, Oxford, he there studied chemistry and obtained First 
Class Honours in 1876. 

His first post was that of Science Master at Bradford Grammar School and it was 
here that he showed a flair for science teaching and became widely recognised as a pioneer. 

From Bradford, he proceeded to be Headmaster of Northampton and County School, 
a post which he held from 1894 till 1907. The relinquishment of this post at the age of 
54 for a Sciencemastership at Sherborne School was due to dissatisfaction with the increas- 
ing control of the curriculum by the education authority; for Steel, though devoted to 
his scientific subjects, was a firm believer in the older literary and linguistic discipline. 

Steel saw the provision of new science laboratories at Sherborne in 1910, and was 
unremitting in his care of the exceptionally fine mineralogical collection in the School 
Museum. He taught chemistry himself and supervised the science teaching in general : 
he was, in addition, an enthusiastic geologist who gave many of the boys a keen interest 
in that subject. 

He spoke in the downright and sometimes rather caustic manner of the North, but 
was essentially kindhearted as well as conscientious: and his wife was unfailing in her 
sympathy with the boys and interest in all that concerned the school. 

Steel spent the years of his retirement (after July, 1920) at Stalbridge and died after a 


long illness on October 6th, 1933. 
E. Hope. 





JOHN THOMAS. 
1886—1933. 


THE untimely death of John Thomas, B.A. (Cantab.), D.Sc. (Wales), F.I.C., at the early 
age of 46, on January 18th, 1933, at Wilmslow, removed one of the outstanding figures in 
the renaissance of the British dyestuffs industry. 

Possessing a full share of the characteristic Celtic fervour, enthusiasm and imagination, 
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he was eminently fitted to play a pioneer part in the difficult task of establishing in this 
country the manufacture of the complicated vat dyes of the indanthrone type, the story 
of which was so graphically told a few years ago by Mr. James Morton in his lecture before 
the Royal Society of Arts on ‘‘ Fast Dyeing and Dyes.” 

Thomas was born at Harlech in 1886. Leaving school at the age of 12, he entered 
the employment of a mineral water manufacturer, working from 6 a.m. to 8 p.m. for the 
princely wage of 3s. 6d. per week. Fortunately Thomas’ talents even in those early days 
attracted attention, and the joint efforts of his employer and his former schoolmaster induced 
him to sit for a scholarship which took him to Barmouth County School, whence he entered 
Aberystwyth University College. An 1851 Research Scholarship took him to Trinity 
College, Cambridge, where he gained a post-graduate research exhibition as well as the 
Gordon Wigan Prize in chemistry, a University award. During this period he carried 
out investigations which were subsequently reported in this Journal. Joint papers with 
Prof. J. J. Sudborough dealt with the addition of bromine to cinnamic acid and its esters 
and the addition of bromine to unsaturated compounds. Independent papers described 
the isolation of the aromatic sulphinic acids; the four stereoisomeric, optically active 
2 : 4-dimethyltetrahydroquinolines; and the separation of secondary arylamines from 
primary amines. 

In 1911 Thomas entered the National Physical Laboratory at Teddington as a research 
chemist in the aeronautical section, a position he relinquished the following year to join 
the chemical staff of the Nobel’s Explosive Co., Ardeer. His investigations during the next 
few years in the delicate field of explosives outside the accepted range of stability earned 
the rare distinction for an industrial investigator of academic recognition in the degree 
of Doctor of Science from the University of Wales. 

In the meantime Mr. James Morton had already assembled at Carlisle a band of chemists 
and others engaged in the experimental manufacture of the complex anthraquinone vat 
dyes and had succeeded in placing Alizarine Sapphirole or Solway Blue and other important 
colours on the market when it was decided to detach the dye manufacturing section from 
the textile business. At this stage Thomas joined the newly formed Solway Dyes Company 
as chief chemist and his outstanding gifts and forceful personality speedily made him the 
accepted leader of this band of pioneers. Throughout the next decade he played an 
outstanding and varied part in the many developments of the Company, including the 
transference of manufacture to a permanent site at Grangemouth, the manufacture and 
utilisation of phthalic anhydride, and the period of intense research during the slump 
of 1920—-1921 which proved so fruitful in later developments. 

On this period of his career Thomas’ claim to fame securely rests. His scientific 
genius, inspired by a full share of Celtic imagination, enabled him to make outstanding 
contributions on the scientific side and his part in the discovery of Caledon Jade Green, 
the fastest and best known colour of the indanthrone type, as well as in subsequent work 
on blue dyes of the anthraquinone series, particularly in connexion with Caledon Blue RC, 
give him a place among the outstanding discoverers of the dyestuffs industry. The 160 
English patent specifications bearing his name testify to the fertility and ingenuity of 
his mind and demonstrate the value of his contribution to the scientific research which 
has given us the Soledon colours, the Celatene colours, analogous with those discovered 
independently by the British Dyestuffs Corporation and marketed as Duranol colours, 
and the Solazol colours, as well as to the technique of their application in dyeing. Included 
in this work was an immense amount of research concerned not only with the derivatives 
of benzanthrone, anthraquinone, and other polycyclic compounds which can be used directly 
as dyes, but with the preparation of the intermediate compounds which in this field are 
frequently very complex and numerous. Some 47 English patent specifications bearing 
Thomas’ name are concerned with such intermediates. The magnitude of these achieve- 
ments is the more impressive when we recall that Thomas, like his colleagues, had little, if 
any, experience of the problems confronting him, to which the German industry had already 
devoted twenty years of research. 

Thomas, however, was much more than a chemist, as his rapid advance demonstrates. 
With the reconstitution of the Company in 1920 as Scottish Dyes Ltd., he became a 
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director, and in 1923 managing director. Finally, when Scottish Dyes Ltd. concluded 
an agreement with the British Dyestuffs Corporation Ltd. and became part of the Dye- 
stuffs Group of Imperial Chemical Industries Ltd., Thomas was appointed joint Managing 
Director of the Group. To this work of development and administration he brought 
the gifts of a pioneer, as invaluable as his scientific genius. His boundless energy and 
burning enthusiasm were infectious and inspired all his colleagues in the overcoming of 
the innumerable obstacles between a brilliant laboratory discovery and successful manu- 
facture. Once convinced of the possibility of a project, his energy, resources and deter- 
mination were staggering. Indeed, he never seemed to contemplate the possibility of 
failure and no difficulties daunted him in pursuit of a scheme once adopted. His retentive 
memory and mental agility were phenomenal and enabled him to deal with the most 
varied scientific, commercial, and administrative problems with equal success. In his 
endeavours to establish a great dyestuffs industry in this country Thomas was unsparing 
of himself as of his time, and many of his friends will feel that his devotion has made him 
one of the casualties of the industry. 

Besides being an outstanding figure in the British dyestuffs industry, Thomas was 
an important and well-known figure in chemical industry throughout Europe and America. 
With his talents as a pioneer he combined a charming personality which won him a wide 
and deserved popularity. He hada rare gift for friendship, with a cheery word for every- 
one that made it a delight to meet him. His boyish enthusiasm was endearing to many 
and, if it made him refreshingly direct and virile in argument, he never left any trace of 
rancour. One who met him for the first time during his course at Cambridge recalls that 
during an introductory tour of the Cambridge laboratories, the senior student, who acted 
as guide, insisted that the most important sight to be seen was John Thomas, then working 
as a research student in Professor Pope’s laboratory. He was then, as he always remained, 
a volatile, rather untidy, but lovable Welshman, with a sparkling eye and a ready wit. 

The versatility of his achievements on the scientific side of the dyestuffs industry in 
itself betrayed something Napoleonic in his mental equipment. He showed a true leader’s 
capacity to select men; his eye for good men for the laboratory or works, and his ear 
for a loose bolt in the whirl of machinery, were rarely at fault and contributed as much 
as his frankness and consideration for others to successful team work at Carlisle and 
Grangemouth. 

Thomas was an ardently patriotic Welshman, and he rejoiced particularly in the growth 
and success of the young Welsh County Schools and Universities, of which he himself was 
one of the first-fruits. He always spoke with a broad Welsh accent, and he included 
“English” in the space assigned to “‘ Foreign languages”’ in his Nobel engagement 
form. In the strict sense he had no hobbies, but he was a fine golfer and few things gave 
him greater pleasure than his election in 1931 to the captaincy of the Royal St. David’s 
Club, Harlech, on whose links he had once been a caddy. 

Underlying his cameraderie and effervescent fun there was an element of religious 
feeling which revealed itself only to a few, though in his earlier days he once discoursed 
eloquently from the pulpit on “ unrealised ideals.” It is the essential tragedy of his too 
short life that, though he was a dreamer, many of whose dreams came true, he must 
nevertheless have been baulked of the fulfilment of his loftiest ideals. 

Thomas was married on March 4th, 1915, to Miss Olive Morgan, and the sympathy of 
a wide circle of friends will be extended to his widow, the son and two daughters who 
survive him. 

R. BRIGHTMAN. 





JOHN MILLAR THOMSON.* 
1849—1933. 


EMERITUS PROFESSOR JOHN MILLAR THomsoN, LL.D., F.R.S., was born in 1849 in the 
precincts of the old college of Glasgow, where his father, Professor Allen Thomson, LL.D., 
M.D., D.C.L., F.R.S., was Professor of Anatomy. John Millar Thomson’s family has had 


* Reprinted by permission of the Royal Society. 
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a long connection with the University of Glasgow, dating from 1761, at which time his 
great-grandfather, John Millar, was Professor of Law. Other members of the family 
subsequently held Chairs in Mathematics, Philosophy, Medicine and Anatomy, Pathology, 
and Military Surgery in one or other of the Scottish Universities. 

John Millar Thomson was an only child and was brought up in very close companion- 
ship with his father, with the result that he was, from early boyhood, constantly in contact 
with notable people in academic circles, especially as his father was one of 14 professors 
all living in the old college. As a boy of 13 he travelled with his father in France and 
Germany, visiting a number of his father’s friends. They remained for some time in 
Wiirzburg with Allen Thomson’s great friend Kélliker. 

During the time when Professor Allen Thomson was going into the plans of laboratories 
and lecture rooms in the new University buildings at Glasgow, John Millar Thomson 
accompanied his father on several occasions where, as a boy, he could be helpful in such 
simple ways as “ holding the tape’ and in taking down notes. This started an interest 
in architectural matters which he retained all his life. In discussing laboratories with 
him when he was at King’s College, I have lively recollections of his sitting down to make 
plans, and of his saying, as he brought his scales and ivory rule out of his pocket, ‘‘ These 
are the very ones with which my old father drew out his plans when I was a boy.” His 
skill as an architect was such that when he drew out plans for a house for one of his cousins, 
these were accepted by the builders as complete, and were worked to by them. 

Educated at the High School and the University of Glasgow, he entered the faculty 
of Medicine after having first taken the usual curriculum in Arts. He soon came to the 
conclusion, however, that he did not wish to continue a medical training. On the advice 
of Professor Thomas Anderson and Professor Lyon Playfair, he took up the study of 
Chemistry. Naturally, from his early associations with so many professors, his ambition 
was to enter academic life. He worked as a student in Professor Anderson’s laboratory 
from 1866 to 1871, being appointed Assistant to Professor Anderson in 1869. In 1868 
he came to London to see Professor William Allen Miller and Professor Charles Loudon 
Bloxam about a demonstratorship in chemistry at King’s College, London, vacant owing 
to the transference of his friend, James Thomson Bottomley, to the Physical Department 
of King’s College. When referring in later years to that interview, he said that after it, 
he came to the conclusion that he was too young for the post. He returned, therefore, 
to Glasgow until, on the death of Professor Miller in 1870, Professor Bloxam, who suc- 
ceeded to the Chair of Chemistry in King’s College, sent for him and offered him a position 
of assistant demonstrator, which he took up early in 1871. Walter Noel Hartley at the 
same time was appointed senior demonstrator. At that time the assistant demonstrator 
did not lecture, but Hartley became seriously ill shortly after his appointment, and John 
Millar Thomson took over the whole of the senior demonstrator’s work in both the day- 
and the evening-class departments. Bloxam told me, in later years, of the great success of 
Thomson’s lectures and of his organisation of the practical classes given into his charge. 

In 1879, Hartley was appointed professor at the College of Science, Dublin, and Thomson 
became senior demonstrator in his place. His lectures were remarkable for the ease with 
which they could be followed, for the clearness of his exposition, and for the wealth of 
experiment with which they were illustrated. Many of his lecture experiments were 
of types requiring exceptional skill but they were almost invariably carried out by him 
with brilliant success. His power of holding his audience was remarkable whether in his 
regular College lectures or in the many public lectures which he gave. 

From 1880 until 1887, in addition to his work at King’s College, Thomson gave lectures 
in chemistry at Queen’s College, Harley Street, and was given the title of Professor of 
Chemistry in that College. It was during this time, and before he took the responsibility 
of the headship of the Chemical Department at King’s College, that he carried out many 
of his investigations in connection with crystallisation and supersaturated solutions, and 
also on a number of other subjects, as, for example, the composition and properties of 
building stones, in continuation of some work which he had done under Professor Anderson 
at Glasgow. 

Although he was much occupied with his own teaching and experimental work, he was 
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a man with such strong general sympathies that he could not avoid being pressed to take 
an active and guiding part in practically all the College functions and those organised by 
the students’ societies. The Dramatic Society owed much to him. He possessed re- 
markable dramatic talents and was truly a fine actor. This did not appear in his lectures 
into which he threw all his earnestness. It did, however, give him a singular power of 
expressing the wishes and desires of others when welcoming a new colleague, bidding 
good-bye to a retiring colleague, or speaking at functions such as College dinners or public 
dinners. It was frequently remarked when Thomson spoke on such occasions, that in 
virtue of his personality, his manner, and his simple but effective elocution, he set the tone 
of the whole function on a high level. It was typical of him to say the right thing whenever 
he was called upon to speak, even at a moment’s notice. 

Some special reference must be made to his activities in photography, in which he 
had a life-long interest; for some time in his earlier days he taught the principles and 
practice of photography to the engineering students of the College. He also carried out 
a number of experimental investigations into photographic processes, the results of which 
were incorporated in the various lectures which he gave. 

The individual character and ability which he had shown and the influence which he 
had exerted in promoting the highest interests of the College in these earlier posts, were 
emphasised when Thomson became head of the Chemical Department at King’s College. 
It was natural, therefore, that when the post of Vice-Principal became vacant in 1905 
on the resignation of Professor W. Grylls Adams, it was the unanimous desire of his colleagues 
that Thomson should be invited to take over the additional duties of Vice-Principal. He 
accepted, and represented the College on many important occasions. On such occasions 
he impressed all who were present with his charm, power and high-mindedness. He re- 
tired in 1914, when he was appointed Emeritus Professor. He was an Honorary Fellow 
of King’s and Queen’s Colleges, and, in recognition of his services to chemical education, 
a medal was instituted in his honour to be awarded to the student of King’s College who 
most distinguished himself in the final year of the special honours course in the Department 
of Chemistry. 

He was Secretary of the Chemical Section of the (Royal) Society of Arts from 1879 to 
1886, a Member of Council of the Society for four periods, Honorary Treasurer for five 
years, and Vice-President in 1913. He served on the Council of the Chemical Society 
for four periods, as Honorary Secretary of the Society, with Professor H. E. Armstrong 
as Senior Secretary, from 1883 to 1893, and as Senior Secretary from 1893 to 1898; he also 
occupied the position of Vice-President for the two periods 1898 to 1901, and 1923 to 1926. 

Thomson did not confine his activities in the Chemical Society to the purely adminis- 
trative side; he served on the Library Committee of the Society and was Chairman of 
that Committee from 1905 to 1924. In the Proceedings of the Society in 1924 the following 
reference is made to his services in connection with the library :— 


“ The Council desires to place on record its great appreciation of the high services 
which have been rendered to the Society by Professor J. M. Thomson in his capacity 
of Chairman of the Library Committee. To his direction of the policy of the Com- 
mittee is very largely due the value of the Library to chemists in this country, 
on whose behalf the Council now presents to Professor Thomson its most cordial 
thanks.” 


He was author of many contributions to scientific and technical journals—on the 
Composition and Properties of Ancient Glasses, the Chemistry of Pigments, Putrefaction 
and Antisepsis, the Chemistry of Building Materials, the Composition and Optical Pro- 
perties of Double Salts of Nickel and Cobalt, the Action of Nuclei on the Crystallisation 
of Supersaturated Solutions, and on Photography, etc. He edited, jointly with Mr. A. G. 
Bloxam, several editions of Bloxam’s Chemistry, Inorganic and Organic, of which the original, 
published in 1867, was produced by C. L. Bloxam, Thomson’s predecessor in the Chair 
of Chemistry at King’s College. He was elected F.R.S. in 1897, and received the honorary 
degree of LL.D. from the University of Glasgow in 1898. 





570 Obituary Notices. 


Thomson was elected a Fellow of the Institute of Chemistry in 1878, served as a Member 
of Council for four periods, as a Vice-President for three periods, as an Examiner for five 
years, as Honorary Secretary for one year, as Honorary Registrar for six years, as a Censor 
for twelve years, and as President for three years (1900—1903). 

Mrs. Thomson was the youngest daughter of Dr. Charles Arthur Aikin, a grand-niece 
of Miss Lucy Aikin, a grand-niece of Mr. Arthur Aikin (who was secretary of the Royal 
Society of Arts from 1817 until 1839) : she was also a great grand-niece of Mrs. Barbauld. 
Thomson often said how much he owed to the sympathy and ability of his wife, to whom 
he would frequently turn, and always with benefit, for criticisms and suggestions on de- 
cisions which he had made in connection with College matters or the treatment of a lecture. 

John Millar Thomson was a remarkable man, of great ability, earnestness of purpose, 
and commanding influence, combined with a fine sense of humour and a great power of 


sympathy. 





VICTOR HERBERT VELEY. 
1856—1933. 


On August 20th, 1933, there passed away at the age of 77 one of the older Fellows of the 
Chemical Society, and yet another of the Oxford University staff of the Odling régime, in the 
person of Dr. Victor Herbert Veley, F.R.S. Those who worked in the University laboratories 
in the last decades of the past century and the first few years of the present will recollect 
with a sigh of affection the well-known spare figure with the humorous twinkle of the eye, 
and the clothes well stained with nitric acid; and those Fellows in the habit of attending 
scientific meetings in London in the first decade of the present century will perhaps associate 
his presence with a certain unwonted liveliness. 

Veley claimed descent, with some pride, from the ancient family of De Velay in Auvergne. 
This may account for a certain French quality in his mind and hence in some of his work. 
He was, however, essentially English; and was the youngest son of F. T. Veley, a solicitor 
of Chelmsford. He received his early education at a well-known preparatory school of 
the period at St. Leonards, from which he went to Rugby. He must have had a happy 
enough time at Rugby, for he always spoke with great affection of his old school. In 
1875 he went up to Oxford and entered as a commoner at University College. He appears 
to have entered fully into the life of the College (1875—1878), for he coxed his college 
eight when it went head of the River in 1877. At the same time he must have worked 
reasonably well, since he took a first class in the Final Honours School of Natural Science 
(Chemical Division). 

After taking his degree, he worked for several years in the laboratory of the Lees 
Reader—the late A. Vernon-Harcourt—at Christ Church, and in October, 1887, was 
appointed by Professor Odling a demonstrator in the University laboratory at the Museum. 
During this period he played an active and stimulating part in the development of chemical 
teaching in Oxford, and acted as Tutor in Science to University, Queen’s and Keble 
Colleges. Those who were up during this period will recollect his publication, known 
as Veley’s List, a list of original papers which students were expected to read. Asa 
lecturer Veley had a remarkably clear and deliberate style. He specialised particularly 
in physical chemistry, and I see from the Gazette that his lectures on this subject were first 
advertised in 1888. Later on in the ‘nineties he organised a practical class in this subject, 
the first I think of its kind at the University Museum, taking advantage of some apparatus 
from the collection of the 8th Duke of Marlborough, but to a considerable extent equipped, 
I fear, at his own expense and with but little encouragement from the authorities. At 
the time, I believe, it was a great success. 

Veley was elected a Fellow of the Royal Society in 1894, and in 1901 took the recently 
instituted D.Sc. During this active period of his career at Oxford he was fortunate in 
his marriage—now some 38 years ago—to Miss Lilian Jane Gould, the youngest daughter 
of the Rev. J. Nutcombe Gould. Miss Gould had had a distinguished career in Oxford. 
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She had been a scholar of Somerville College, and was allowed a first class in the Final 
Honours School of Natural Science (Animal Morphology). She was also one of the first 
women to take the D.Sc. degree in Dublin, and was one of the original Lady-Fellows of 
the Linnean Society. She was therefore well able to take an active’and helpful interest 
in Veley’s work, and the marriage proved an ideally happy one. 

As a research worker, Veley was very industrious, and his results have been embodied 
in some 60—70 papers and monographs, most of which are remarkable for their clear 
and lucid style and careful expression. His earlier researches—from 1879 to 1887—were 
carried out in the Christ Church laboratory. His line of work was naturally influenced 
by the traditions of that laboratory and by Mr. Vernon-Harcourt and Mr. Esson, and this 
influence persisted in his later investigations. Much attention was therefore devoted to 
the determination of rates of chemical change, and at a later period to the physical pro- 
perties of solutions. During the last decades of the past century the question of the 
influence of traces of a third substance, notably water, in promoting chemical reaction 
between various substances was in the air. This also influenced the direction of much of 
his work. 

While at the Christ Church laboratory, he published papers on the higher oxides of 
manganese and their hydrates, on the rate of decomposition of ammonium nitrate, on 
the sulphur compounds of calcium and of barium, and on the lime process for the purific- 
ation of coal gas. Perhaps his most ambitious paper at this period was that on the con- 
ditions of the evolution of gases from homogeneous liquids, published in the Transactions 
of the Royal Society. It was shown that the rate of evolution of gases from homogeneous 
liquids is accelerated by the presence of finely divided, chemically inert particles, not 
only when the gas is merely dissolved in the liquid, but also when it is in a state of formation 
as a resultant of chemical action. In the earlier stages of a chemical reaction, yielding 
a gas, the phenomenon of initial acceleration was observed, the rate of change increasing 
to a maximum and constant point, from which it decreased at a rate bearing some immediate 
relation to the diminution of mass. The particular case of the decomposition of formic 
acid into carbon monoxide and water was most fully investigated: the rate of change 
was shown to be directly proportional to the mass of substance undergoing the change. 
The curve representing the interval of time required for each unit of chemical change in 
terms of the mass present was shown to be hyperbolic and illustrative of Esson’s law. 

Veley’s best known work is perhaps that on nitric acid, carried out in the University 
laboratory after his appointment as demonstrator. He improved the method of pre- 
paring pure nitric acid and succeeded in more nearly approaching 100% acid (99-95) than 
previous investigators. He found that anhydrous nitric acid had no action on copper, 
silver, cadmium and mercury—all of high degree of purity—or on commercial magnesium 
at the ordinary temperature. Purified iron and commercial granulated tin were un- 
affected even on boiling. Purified zinc was slightly acted on at the ordinary temperature, 
but sodium caught fire at once. The acid had no action whatever on powdered calcium 
carbonate at the ordinary temperature or at the boiling point. 

Following the line of Russell’s work on the action of nitric acid on silver, Veley found 
that the metals copper, mercury and bismuth do not dissolve in pure nitric acid of about 
30% concentration and heated to 30°, provided that nitrous acid is neither present initially 
nor formed subsequently. To prevent these contingencies he added small quantities of 
some oxidising agent such as hydrogen peroxide, potassium chlorate, or some substance, 
such as urea, which destroys the nitrous acid by its interaction. 

When the conditions are such that the metal dissolves, the amount of metal dissolved 
and the amount of nitrous acid present are concomitant variables, provided the nitric 
acid is in considerable excess. Change of conditions, such as concentration of acid and 
variation of temperature, which increases the former increases also the latter. When 
the metal dissolves, metallic nitrite is at first formed, together with nitric oxide: the 
former is decomposed by the excess of nitric acid to liberate nitrous acid, whilst the latter 
reduces the nitric acid to form a further quantity of nitrous acid. The net result is: 


2NO + HNO, + H,O = 3HNO, 
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Thus, if the conditions are such that these metals dissolve in nitric acid, nitrous acid is 
invariably the initial product of reduction. 

He also found that copper, mercury and bismuth dissolve very readily in a 1% solution 
of nitrous acid, and that under these conditions nitric acid present in slight excess inter- 
feres with rather than promotes chemical change. 

He also found that pure hydrogen reduces nitric to nitrous acid in the presence of 
cupric nitrate or lead nitrate: it also converts mercuric into mercurous nitrate, but does 
not produce any change in solution of bismuth or of zinc nitrate, when dissolved in nitric 
acid. 

In consequence of this work, the late Mr. J. G. Burch and Dr. Veley were led to in- 
vestigate the electromotive force of cells consisting of the above metals, platinum and nitric 
acid. It was found that when the metals silver, copper, bismuth and mercury are intro- 
duced into purified nitric acid of varying degrees of concentration and a couple is made 
with platinum, the electromotive force of such a cell increases until it reaches a constant 
maximum value. This rise of electromotive force is attributed to the production of nitrous 
acid by the decomposition of the nitric acid, and the final value is considered to be due 
to the nitrous acid only, while the initial value is due for the most part to the nitric acid, 
though it is affected to a remarkable degree by the amount of impurity of nitrous acid 
either initially present or produced by minute and unavoidable uncleanliness of the metallic 
strip and the containing vessel. 

If nitrous acid has been previously added to the nitric acid, the maximum electro- 
motive force is reached at once. In general the results obtained by the electrometer 
and by the chemical balance proved in every way confirmatory the one of the other. 

Then followed a series of papers, with Mr. J. J. Manley, dealing with laborious experi- 
mental work, carried out partly in the University laboratory and partly in the Daubeny 
laboratory of Magdalen College, on the variation of physical properties with concentration 
of highly purified nitric acid. 

Their first paper was concerned with the electric conductivity of nitric acid solutions, 
and at the outset they proposed to view their results from the standpoint of the hydrate 
theory. They then studied refractive indices, densities and contractions, and solution 
volumes. They found alterations, more or less defined, at concentrations approximately 
coincident with the composition of certain hydrates, all of which had been noted by previous 
workers. Besides these discontinuities they directed attention, for the first time I think, 
to the fact that there is a well-marked point of alteration for all physical properties at a 
concentration of about 95%,, and in this respect nitric acid resembles sulphuric acid. At 
first they held the view that nitric acid of such concentration contained HNO, and N,O, 
molecules, but later inclined to regard the hypothesis of associated molecules, nHNOs, 
analogous to »H,O, as more probable. 

During the period of this work Veley also published numerous papers on the affinity 
constants of series of organic bases and acids, determined by a tintometric method based 
on the properties of methyl-orange. 

Space does not permit me, nor do I feel competent to attempt, to trace any evolution of 
Veley’s views on the theory of solution, but, whatever view may be taken of the inter- 
pretation, I think the papers must be regarded as models of accurate and painstaking 
experimental work. 

Another subject of inquiry undertaken at this active period of Veley’s life was an in- 
vestigation, carried out in conjunction with his wife, on the cause of the “ faultiness ” 
of rum, a defect, first noticed about 16 years previously, which had caused great financial 
loss to the manufacturers in British Guiana and various West Indian islands. 

They showed, by both chemical and physical tests, that this property of “‘ faultiness ”’ 
was due neither to any resinous or other matter extracted from the rum casks nor to 
saline or other substances precipitated on dilution of the rum, but to the presence of a 
micro-organism, hitherto undiscovered, to which they gave the rather appropriate name 
of colcothrix methystes. The organism was successfully cultivated in various media and 
cogent evidence was brought forth that it possesses three forms, viz., coccus, rods, and 
filaments, and the life history of the organism under various conditions was fully described, 
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with details of the biological and chemical characteristics and staining reactions. They 
further found that faulty rum can be made sound, and sound rum faulty, by the removal 
and addition respectively of the organism. They thus established the remarkable fact 
that life can exist in alcohol of nearly 75%. 

Strictly speaking, the organism survives not in the alcohol but in its gelatinous envelope, 
thus being as it were in a state of siege in its own castle, through the walls of which it can 
obtain its necessary supplies of food in the form of sugar, while keeping out its enemy 
alcohol. 

Unfortunately, I think, the account of this work was published as a monograph, with 
the title ‘‘ The Micro-Organism of Faulty Rum” by the Oxford University Press in 1898 
and did not appear, unless in abstract, in the usual periodical literature, so it is perhaps 
not so well known as it ought to be. The reason for this method of publication was that 
certain doubts were expressed on the matter, as the authors say in their preface, “ on 
the one hand by those with experience who had propounded rival theories, and on the other 
by persons, either without practical qualification to judge of bacteriological questions 
in connection with fermentation industries or personal inquiry into our results.” 

This work, we think, entitles the author to a place amongst the pioneers of modern 
biochemistry. After settling in London, Veley spent a good deal of time in the Physio- 
logical laboratory of the University of London at South Kensington between 1908 and 
1912, and, in conjunction with the late Prof. A. D. Waller and others, published a number 
of papers on the action of various alkaloids, series of bases and of acids on muscle prepar- 
ations. They regarded their results as due to chemical changes between muscle proteins 
(or their products of decomposition) and the compounds in the solution of which the 
muscles are immersed. Their conclusions were based on the observation that temperature 
factors are practically identical with those previously observed for definite chemical 
changes; that the relative reactivities of certain classes of compounds follow the same 
order as that observed in physico-chemical methods; and that in certain cases there is 
evidence of a sub-division of the muscle stuff, regarded as acidic, and two bases, such as 
nicotine and quinine, reacting simultaneously. Veley attempted to carry the argument 
further and to show that, in the absence of the disturbing factor of contraction, the reaction 
between living muscle stuff and chemical compounds can be made the subject of mathe- 
matical analysis. As the rate of reaction between /ifeless chemical reagents is some function, 
generally logarithmic, and less generally linear, of time, so likewise the rate of reaction 
between diving muscle stuff and a /ifeless chemical compound follows the same general laws. 

Veley had many other interests in life besides chemical. He was always an ardent 
stamp collector. He was a member of the Oxford Philatelic Society. He served on the 
Committee and for some years until he left Oxford was‘a Vice-president and then President 
of the Society. In later years he took great interest in shells and his collection might be 
the envy of many a museum curator, for he was content only with the best. 

Veley’s precise and orderly mind made him a first-rate man of business. For the last 
21 years of his life he was much occupied in commercial matters in London. He was a 
director and later chairman of a brewery company and attended to various family pro- 
perties in London and Essex. He was a good accountant, and often attended to legal 
matters himself, as far as he could lawfully do so. He was also a good citizen. On the 
outbreak of war, being too old for war service, he joined the Marylebone Borough Council 
and devoted himself to municipal affairs, particularly on the financial side. He was a 
highly respected member of the Council and was popular and trusted by all parties. 

In the early part of 1933 Veley was knocked down by a motor in London and much 
shaken. Later he had an operation for eye trouble, but owing to his shaken state of health 
and probably his age he never entirely recovered from this operation and death supervened. 

Socially Veley was a delightful person. His deep fund of humour, his dry wit and his 
kindly loyalty of disposition endeared him to all who had the privilege of his friendship. 
In his younger days perhaps somewhat of a bon viveur, he was a delightful host, and the 
writer has the pleasantest recollections of his kindly hospitality. 

J. A. GARDNER. 
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VARGAS JOSE MARIA VERGARA. 
1867—1933. 


VARGAS VERGARA was born in Liverpool (England) in 1867, into one of the most dis- 
tinguished and wealthy families of Bogota, Colombia, S. America. After spending his 
early years in Colombia, he returned to England in 1880 and was educated at Mount 
St. Mary’s College, Chesterfield. Later, he studied chemistry at London University 
during 1883—1887, under Dr. Muter. Returning to his own country, he opened a 
Laboratory and Central Chemistry School in Bogota in 1890 and there taught mineral and 
organic chemistry. He was the first to teach the atomic theory in Colombia. 

In this first class laboratory, he did valuable work on the minerals of the Antioquia, 
Narifio and Tolima mines, and also wrote an interesting study on the medicinal vegetable 
resin extracted by the natives (tunebos) in Santander, Colombia. From this resin he 
isolated esters, which he designated “‘ otoviles.” 

He taught mineral and organic chemistry in the High Agronomical School, where he 
was one of the most distinguished professors. The Government used his studies on water 
analysis to solve problems of public hygiene. 

He devoted the greater part of his life to the study and development of his profession, 
and in his articles and lectures always paid a grateful tribute to his English professor, 
Dr. Muter. 


He died in Bogota on December 3rd, 1933. 
A. V. V. 





119. Sirychnine and Brucine. Part XXV. Reduction of Methyl- 
strychnidinium Salts by Means of Sodium Amalgam in the Presence 
of Carbon Dioxide. 

By (the late) W. H. PERKIN, jun., ROBERT RoBinson, and J. C. SMITH. 


In hot neutral solution sodium amalgam attacks methylstrychninium salts, rupturing two 
rings, one including N(b) (Emde degradation) and the other being the oxide ring (compare 
Part XIX; J., 1932, 1240). A parallel series of experiments with methylstrychnidinium 
methosulphate was instituted and the results are simpler in that the oxide ring is not 
affected. 

This is in harmony with anticipations based on the theory that the ether oxygen is 
included in the group :N(a)*CO-CH,°CH-O-C;, and attention has previously been drawn to 
a similar contrast in the behaviour of strychnine and strychnidine derivatives, a good 
example being the formation of isostrychnine from strychnine under the influence of basic 
catalysts and the failure to isomerise strychnidine under similar conditions. 

Strychnidine methosulphate, C,,H,,ON°N(b)Me}SO,Me, was reduced in boiling aqueous 
solution with sodium amalgam in the presence of carbon dioxide and a gummy base 
separated. The residual solution was proved to contain methylstrychnidinium and 
methylweostrychnidinium salts. The base, worked up by distillation and crystallisation 
processes, afforded three substances, namely (a) CygHy0.Ng, m. p. 235—236°; 
(b) CygH,gONg, m. p. 142—143°; and (c) CygHggON,, m. p. 192—193°. All these sub- 
stances exhibit colour reactions of the strychnidine type and they are all strong bases. 
The substance (a) is the hydrate of (b) and, on boiling with phosphoryl chloride, (a) was 
converted into (b). The base (b) has the composition of a dihydromethylstrychnidine and 
is therefore, in all probability, a normal product of an Emde degradation in accordance 


with the scheme: ‘N (b)Me-C3}SO,Me——-> :NMe HC: MeHSO,. In agreement with 
this hypothesis the base (b) was found to contain one double bond and it has been 
catalytically reduced to a dihydro-derivative, m. p. 177°. This base has already been 
obtained by the catalytic reduction of methylstrychnidinium chloride (Part XXIII; 
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Achmatowicz, Rocznik Chemji, 1933, 18, 25). The formation of the methyldihydro- 
strychnidine, m. p. 142°, and its dihydro-derivative, m. p. 177°, as well as related strychnine 
derivatives in several distinct reactions (see the following communication) suggests that 
we are here concerned with a facile mode of degradation of the strychnine skeleton by a 
fission at N(b) and there are many reasons for believing that the addition of hydrogen in 
these reactions takes place at the same points as that of the elements of methyl alcohol in 
the formation of the methylmethoxydihydroneostrychnidine class of derivatives. More- 
over it is very probable that the reductive fission, like that involving the introduction of 
the methoxyl group, is accompanied by the migration of a double bond, and the base, 
CygH,,ON., m. p. 142—143°, is considered to be a derivative of neostrychnidine. Strong 
experimental support for this view is derived from the observation that methylmeo- 
strychnidinium chloride yields, among other products, the base in question, when it is 
reduced under conditions similar to those employed with strychnidine methosulphate. 
Another pointer in the same direction is the formation of the base, m. p. 142°, from the 
hydrate, C,,H590,No, for it is unlikely that the newly formed double link will take up the 
more labile strychnidine position when the stable neostrychnidine arrangement is a possi- 
bility. Therefore the base, m. p. 142°, is regarded as N(b)-methylchanodihydroneo- 
strychnidine * (I). 


CH, C,H, CH, /CyHa 
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The product (c), CogHggONg, is a saturated base, m. p. 192—193°, and it is isomeric with 
the dihydro-derivative, m. p. 177°, of (b). The formule (III) and (IV) come into con- 


sideration; (III) on our hypothesis being also required for the base, m. p. 177°. The 
disposition of the methyl group in the heterocyclic seven-membered ring of (III) gives the 
necessary scope for stereoisomerism and (IV) might result from the fission of the methy]l- 
neostrychnidinium kation (II) at the point indicated by the dotted line in the formula. 
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Against (III) as a representation for (c) it may be argued that the isomeride, m. p. 177°, 
is not a product of the reduction of strychnidine methosulphate by means of sodium 
amalgam; and, conversely, the base (c), m. p. 192—193°, is not obtained as a second 
product of the catalytic reduction of (b), m. p. 142°. We, therefore, prefer the expression 
(IV) for (c), keeping (III) for the isomeride, m. p. 177°, and it should be noted that (IV) 
arises from (II) in an Emde degradation assisted by the relation of the double bond to 
N(b). Quaternary salts derived from allylamines are known to be especially readily decom- 
posed on reduction: °*C=-C-CH-NR,}Cl + H, —» :C=-C-CH, + NR,+ HCl. It is for 
this reason, also, that we have not entertained the hypothesis that fission in the Emde 
reaction occurs between the groups —C,H,- and MeN(b) (compare formula II). In that 
case the facilitating unsaturation is not suitably arranged and an experimental point which 

* As in Parts XX (Blount and Robinson, J., 1933, 2305) and XXIII (Achmatowicz, Joc. cit.), the 
prefix chano is employed to denote ring-opening by a real or imaginary process of isomeric change. 
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is relevant is the stability of dihydrostrychnidine-(A) methochloride towards sodium 
amalgam in hot neutral aqueous solution. 

After the separation of (a), (b) and (c) the residual bases were repeatedly electrolytically 
reduced in dilute sulphuric acid solution. This undoubtedly caused the further production 
of (a), probably at the expense of (b), and by hydration rather than by reduction. After 
removal of all of the substance (a), the distilled base had the composition C.,H3,ON., and 
was thus a methylhexahydrostrychnidine or a mixture of isomerides. Evidently two of the 
rings of strychnidine can be opened by vigorous reduction processes. Two of the sub- 
stances obtained by the distillation of the reduction product of strychnine methosulphate 
(Part XIX, loc. cit.) have been further examined. 

The base-K™ has been found to contain a very persistent impurity of higher carbon 
content. 

Anhydrotetrahydromethylstrychnine-K> (probably V) on electrolytic reduction fur- 
nishes a dihydro-derivative of the related strychnidine (VI). The unusual addition of 
hydrogen to a double bond under these conditions is doubtless due to the position of the 
ethylenic link with respect to ‘N(a)CO:, and this observation confirms the view taken in 
Part XIX of the course of the reduction of strychnine methosulphate. The double bond is 
shown in the original position, as in strychnine itself, but the meo-position is not excluded. 
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The Base-K™ (Part XIX; Joc. cit., p. 1253).—Despite the fine appearance of the crystals of 
this substance, the specimen previously described has been found to be a mixture, and the material 
is contaminated by a compound of high carbon content, which is extremely difficult to remove. 
The specimen already described softened from about 211° and melted at 217—218° (Found : 
C, 79-0; H, 8-2; N, 84; MeN, 43%). After several further crystallisations from methyl 
alcohol-ethyl acetate, the homogeneous prisms had m. p. 215—217° (Found: C, 78-3, 78-1; 
H, 8-2, 8-1; N, 8-3; MeN, 44%). 

Further purification by crystallisation alone was not sufficiently effective, and preliminary 
experiments showed that the impurity was more susceptible to hydrogenation in dilute acetic 
acid solution in the presence of palladium than was the main product. Accordingly, a specimen, 
m. p. 218—220° (3-75 g.), was catalytically hydrogenated until 59 c.c. of hydrogen had been 
absorbed. The recovered base was recrystallised, m. p. 222—224°; it was then thrice crystal- 
lised from propyl alcohol, m. p. 227—229° after softening at 223° (Found in material dried at 
100° in a vacuum: C, 77-5, 77-9, 77:8; H, 8-2, 8-3, 8-2; N, 82%). This specimen was 
catalytically hydrogenated and slow absorption of hydrogen was observed with the formation 
of bases of much lower melting point (160—170°), but no pure product could be isolated in this 
way. The propyl alcohol mother-liquors from the crystallisations mentioned above were con- 
centrated, and the residual bases again submitted to hydrogenation in dilute acetic acid solution 
in the presence of palladinised charcoal, the temperature being raised to 40° during 20 minutes. 
The isolated base in its crude form now softened at 217° and melted at 220—222°. Crystallised 
from propyl alcohol, it had m. p. 225—228°. Two further crystallisations from the same 
solvent gave m. p. 227—230°. Recrystallised from toluene, m. p. 229—231°, after softening at 
225°. Again from the same solvent, m. p. 231—233°, after softening at 227°; after two further 
crystallisations from toluene, m. p. 232—233°, after softening at 231° (Found in material dried 
at 130° in a high vacuum : C, 77-2, 77-0; H, 8-3, 8-3; N, 8-1; MeN, 4:3%); two final crystallis- 
ations from toluene, m. p. 233—234°, after softening at 232° (Found in material dried at 100° ina 
vacuum: C, 76-3; H, 8-2; N, 8-1%). The crystallisation from toluene produced a slight dis- 
coloration of the crystals, and the substance was therefore twice crystallised again from propyl 
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alcohol, affording colourless clear-cut prisms, m. p. 233—234-5° (Found in material dried at 
100° in a vacuum: C, 76-0; H, 8-2; N, 8-1%). It appears that at this stage crystallisation 
effects no change in the melting point, and during the whole series of purifications the crystals 
were observed to be exceedingly well-shaped prisms. Nevertheless, the value for carbon content 
appears to be still falling and it may be that the substance rich in carbon has not even yet 
been completely eliminated. It is difficult to find an empirical formula which accords with the 
analytical data, but taking into consideration the general course of the purification, and the 
undoubted presence of a methy] group attached to nitrogen, the most likely composition appears 
to be C,,H,,0,N,, which requires C, 75-0; H, 7-9; N, 7-°9%. The substance was obtained by 
the distillation of the crude product of the reduction of methylstrychninium methosulphate with 
sodium amalgam, and it may well have been produced by hydrogenation at the N(b) quaternary 
grouping and also at the double bond. 

Dihydroanhydrotetrahydro - N(b) - methylstrychnidine- K® (V1).—Anhydrotetrahydromethy]l - 
strychnine-K5 (1-7 g., m. p. 195—200°) was dissolved in 20% sulphuric acid (100 c.c.) and 
reduced for 20 hours at 10° in the lead cathode chamber of the usual apparatus (0-05 amp. /cm.®). 
The filtered solution was basified with ammonia and the precipitated solid was collected, washed 
with water, dried, dissolved as far as possible in light petroleum, and the filtered solution concen- 
trated to a small bulk. The separated solid crystallised from methyl alcohol (yield, 0-4 g., 
m. p. 105—110°) and after two recrystallisations from the same solvent in colourless needles 
had m. p. 112° (Found : C, 82-0; H, 9-3; N, 8-8. C,,H3,N, requires C, 82-0; H, 9-3; N, 8-7%). 
This base was freely soluble in light petroleum or benzene and its solution in dilute hydrochloric 
acid developed an intense crimson coloration on the addition of ferric chloride. 

Sirychnidine Methosulphate.—In the preparation of this salt for the purposes of the present 
investigation, it was necessary to avoid the formation of any strychnidine methyl hydrogen 
sulphate, and the use of methyl alcohol as a solvent was therefore avoided in the later experi- 
ments. The base (25 g.) was dissolved in boiling benzene (400 c.c.), the solution cooled, and 
methyl sulphate (80 c.c.) added before crystallisation set in. A thick gelatinous mass separated 
and this was frequently shaken during a period of boiling under reflux for 20 hours. The benzene 
was decanted from the crude product and extracted several times with water; the gummy 
methosulphate was then dissolved in these extracts, the solution made up to 400 c.c., and the 
acid neutralised by means of sodium hydroxide. This solution was kept for some hours, 
filtered, and then directly reduced by means of sodium amalgam (total 800 g. of 4%) with results 
similar to those described below. Normally, however, the crude gummy strychnidine metho- 
sulphate was crystallised from methyl alcohol until tests showed that the specimen consisted 
entirely of quaternary salt, and was free from strychnidine salts. 

Reduction of Sirychnidine Methosulphate by Means of Sodium Amalgam.—The pure metho- 
sulphate (27 g.) was dissolved in boiling water (500 c.c.), and the solution stirred by means of a 
glass tube delivering a rapid stream of carbon dioxide; sodium amalgam (200 g. of 3%) was then 
introduced, causing the rapid separation of an oily base. After } hour a further quantity of 
amalgam (150 g.) was added, and the process continued, water being added when necessary, 
until no further separation of oil occurred. On cooling, the oil hardened and could be collected ; 
it was dissolved in alcohol-free ether, the solution washed with water and dried over potassium 
carbonate, and the solvent removed. The residual pale brown gum distilled completely and 
almost constantly at 230—237°/2 mm. and then at 222—-225°/1 mm. as a colourless oil, harden- 
ing to a gum on cooling (Found: C, 79-0, 79-1; H, 8-6, 8-5; N, 8-4. C,,H,,ON, requires 
C, 78-6; H, 8-3; N, 8-3%). A specimen, b. p. 225—229°/1 mm., was prepared from especially 
pure starting material (Found : C, 78-3; H, 8-2; N, 8-3%). This material is a mixture, but it 
evidently consists essentially of methyldihydrostrychnidine. 

The distilled base was heated at 100° in a well-stoppered pear-shaped glass bottle with a 
large excess of methyl iodide and anhydrous methyl alcohol for 12 hours. The solution was 
concentrated and on cooling deposited a mass of soft crystals. This substance is rather sparingly 
soluble in methy] alcohol and crystallises from this solvent in colourless groups of needles which 
melt with frothing at about 130° (Found in material dried in a vacuum over sulphuric acid : 
C, 46-7; H, 6-2; loss at 100°, 22-1. Found in material dried at 100°: C, 57:3; H, 7-1. 
Cy.HygON,,2MelI requires C, 46-3; H, 5-7; 1MelI, 22-8. C,,H3gON,,MeI requires C, 57-5; 
H, 58%). (The results do not exclude formule based on C,,H,,ON,.) 

In another experiment the methosulphate (80 g.) afforded 38 g. of the crude distilled base. 
In this case the alkaline aqueous solution was acidified with acetic acid, evaporated to dryness, 
and the residue thrice extracted with alcohol. On concentration of the filtered solution, a 
sticky brown residue was obtained consisting almost wholly of quaternary ammonium salts; 
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this was dissolved in a little boiling methyl alcohol and on cooling furnished a paste of crystals, 
which were collected and recrystallised from the same solvent as a mass of colourless needles 
(A), which, after drying at 100°, evolved steam at a higher temperature and had m. p. 275—280° 
(decomp.) (Found in material dried at 100° ina vacuum: C, 71-7, 71-5; H, 7-3, 7-3. Calc. for 
C,,H,,ON,,MeCl: C, 71:3; H, 7:3%). The related methiodide crystallised from methyl 
alcohol (Found: C, 57-8; H, 5-6. Calc. for C,,H,,ON,,MeI: C, 57-1; H, 5-8%). This sub- 
stance is strychnidine methochloride (methiodide), because on heating it yields strychnidine 
(m. p. and mixed m. p.) and with methyl-alcoholic potash it affords methoxymethyldihydro- 
neostrychnidine, m. p. 125°. The mother-liquor from (A) on concentration deposited a quite 
different substance in glistening laminz, This crystallised from water in needles decomposing 
at 295—300° (Found : C, 56-9; H, 6-0%) and was identified as methylmeostrychnidinium iodide 
by conversion into methoxymethyldihydroneostrychnidine, m. p. 124°, and into neostrychnidine, 
m. p. 203°, by way of the methochloride. The m. p.’s of these derivatives were not depressed 
by admixture with authentic specimens. 

Examination of the Gum, b. p. 220—225°/1 mm.—lIn a preliminary experiment a thrice- 
distilled specimen was dissolved in a little acetone and kept in the ice-chest for about 3 months; 
it then suddenly deposited a small crop of crystals in the form of opaque flakes. The substance 
was collected and crystallised from acetone, the melting point being raised to 228—230°, 
230—232°, and finally 235° (Found: C, 74-6; H, 8-4; N, 7-8. Cyg3H390,N, requires C, 74-6; 
H, 8-5; N, 7:9%). This substance is designated hydroxydihydro-N(b)-methylchanodihydro- 
neosirychnidine-0. A considerable amount of this substance was obtained in the course of the 
preparation of methylhexahydrostrychnidine (see below). 

In another preliminary experiment the original product was electrolytically reduced at 15° 
in the usual apparatus, then recovered, dried, dissolved in acetone, and kept in the ice-chest. 
In this case (see, however, below) the higher-melting product did not separate, but a large 
separation of a different substance occurred. This had m. p. 133°, raised to 139—140° by 
subsequent crystallisations (Found: C, 78-8; H, 8-5; N, 8-3. C,,.H,,ON, requires C, 78-6; 
H, 8-3; N, 8:3%). This substance is termed N(b)-methylchanodihydroneostrychnidine-0. 

The effect of the electrolytic reduction is merely to render the crystallisation of this substance 
more facile; there is no evidence that the crude product (C, 78-3; H, 8-2% after the electrolytic 
reduction) is hydrogenated in this process, The crude product (150 g., thrice distilled), dis- 
solved in acetone (500 c.c.), cooled to 0°, and seeded with a crystal of methylchanodihydro- 
neostrychnidine-8, m. p. 140°, afforded a crop of almost colourless needles (22 g., m. p. 125— 
130°). A week sufficed for the complete separation of the first crop, and on further standing 
of the mother-liquor for several weeks, crystallisation of nodules commenced. These softened 
at 170° and melted at 178°, and on recrystallisation (see below) the m. p. could be raised to 
192—193° (Found : C, 78-5; H, 8-8; N, 8-2. C,.H,ON, requires C, 78-1; H, 8-9; N, 8-3%). 
This substance is termed N(b)-methyldihydrochanodihydrostrychnidine-6. 

Several large specimens of the material mentioned above as separating from the acetone 
solution of the crude base, and having m. p. 125—130°, were combined and recrystallised from 
acetone (60 g. of m. p. 133—135°). It was then crystallised from ethyl acetate (150 c.c.), 
affording a solid of m. p. 125—155° (29 g.) and a mother-liquor (A). The crystals were dissolved 
in ethyl acetate (100 c.c.) and on long standing in the ice-chest furnished 9-5 g. of a substance, 
m. p. 152—160°, and a mother-liquor (B). The substance was then crystallised from ethyl 
alcohol (150 c.c.) as a slowly-separating crust (2-2 g., m. p. 160—190°). The mother-liquor 
from this crystallisation was mixed with aqueous sodium hydroxide, and the base collected 
(5-7 g., m. p. 175—180°). A tedious series of crystallisations brought the melting points 
160—190° and 175—180° up to 192—193° and the presence of N(b)-methyldihydrochano- 
dihydrostrychnidine-6 in the first crop of crystals was thus demonstrated. The mixed m. p. 
with an authentic specimen showed no depression. The mother-liquor (A) was concentrated 
to 85 c.c. and nucleated with N(b)-methylchanodihydroneostrychnidine-6, m. p. 140° The crop 
(7-5 g.) obtained on cooling had m. p. 125—130°, and on recrystallisation from acetone gave 
5 g., m. p. 185—137°. Further crystallisations from acetone gave products, m. p. 140—141°, 
141—142°, 142°. This substance was shown to be identical with that obtained in the earlier 
experiments described above. An exhaustive series of fractional crystallisations of the bases 
obtained from the various mother-liquors was carried out, but gave no evidence of the presence 
of substances other than the bases, m. p. 142° and 192° respectively. 

The second crop of crystals from the original acetone solution was similarly fractionated, 
alcohol, acetone, ethyl acetate, and amyl alcohol mixed with methyl! alcohol being used. Evi- 
dence of the presence of some N(b)-methylchanodihydroneostrychnidine-§, m. p. 142°, was 
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obtained, but the bulk of this second crop was proved to consist of N(b)-methyldihydrochano- 
dihydrostrychnidine-0, m. p. 192—193°. 

Owing to the extremely laborious nature of the crystallisations required, we are unable to 
give any estimate of the relative proportions of the two main products of the reduction. 

Hydroxydihydro-N(b)-methylchanodihydroneostrychnidine-0.—This substance is very spar- 
ingly soluble in boiling alcohol but on concentration a supersaturated solution is easily pro- 
duced; transparent needles separate slowly on keeping and these become opaque at 100° 
(Found : * C, 74:5; H, 85; N, 8-0%) and then have m. p. 235—237° with a little previous 
softening. The base is insoluble in boiling water; it exhibits strychnidine-type colour reactions ; 
for example, its solution in very dilute hydrochloric acid becomes immediately pink on the 
addition of ferric chloride and deep crimson on boiling. 

Action of Phosphoryl Chioride on the Base, CygH3,0,N,.—The pure substance (2-1 g., m. p. 
235—237°) was heated at 100° with phosphoryl chloride (25 c.c.) for 10 minutes; a gum was 
formed but a clear colourless solution resulted when the mixture was boiled (sulphuric acid- 
bath). After 5 minutes the mixture was added to ice-water, and a caseous base isolated. 
This melted on drying at 100° and was freely soluble in ether. Its concentrated solution in dry 
acetone was kept in the ice-chest and no crystallisation occurred in 24 hours; on seeding with 
a crystal of N(b)-methylchanodihydroneostrychnidine-6, however, a paste of crystals was rapidly 
formed. The substance was collected (m. p. 135—137°) and thrice crystallised from acetone, 
m. p. 140—141° (Found: C, 78-5; H, 8-5%) and at the same temperature when mixed with 
N(6)-methylchanodihydroneostrychnidine-§, m. p. 142—143°, 

N(b)-Methylchanodihydroneostrychnidine-0.—This base may well be contaminated with an 
isomeride, possibly a methyldihydrostrychnidine, because as usually obtained it has m. p. 
135—137° and only a prolonged series of crystallisations raises this to 142—143° [Found : 
C, 78-6, 78-5, 78-5; H, 8-4, 8-5, 8-5; N, 83, 83; MeN, 4-8, 4-9. C,,H,,ON(NMe) requires 
MeN, 4-4%]. The pure substance is readily soluble in the simple alcohols and in benzene, 
moderately soluble in ether, and somewhat sparingly soluble in acetone. It crystallises from 
ether, light petroleum, acetone or methyl alcohol in prismatic needles and it exhibits colour 
reactions of strychnidine type. The well-crystallised methiodide gave analytical figures 
corresponding with a mixture of mono- and di-methiodides. 

N(b)-Methyldihydrochanodihydrostrychnidine-A —Methylchanodihydroneostrychnidine-§ (2-0 
g., m. p. 137—139°) was dissolved in acetic acid (50 c.c. of 6%) and shaken with hydrogen in 
the presence of palladinised charcoal (0-2 g. of palladous chloride and 0-7 g. of charcoal) at 20°. 
The reduction proceeded slowly (at first 1 c.c. H,/1 min.) and after 21 hours only 61 c.c. of 
hydrogen had been absorbed (theo., 134 c.c.), The base was isolated (m. p. 130—145°) and 
crystallised from light petroleum (0-75 g., m. p. 153—167°). Twice recrystallised from acetone, 
it was obtained in elongated prisms, m. p. 176—177° (Found: C, 78-3; H, 8-9; N, 84. Calc. 
for C,,H,,ON, : C, 78-1; H, 8-9; N,8-3%). The melting point was not depressed on admixture 
with a specimen of N(b)-methyldihydrochanodihydrostrychnidine-A (m. p. 177°) obtained by the 
catalytic hydrogenation of N(b)-methylstrychnidinium chloride (Part XXIII; Achmatowicz, 
loc. cit.). We are greatly indebted to Professor Achmatowicz for a specimen of the base pre- 
pared by his method. The absorption of hydrogen at a higher temperature was more rapid 
and could be prolonged beyond the theoretical requirement for two double bonds; however, 
the dihydro-derivative, m. p. 177°, was again isolated from the product. The other bases 
obtained had much lower m. p.’s and greater solubility in organic solvents and probably owed 
their formation to hydrogenation of the aromatic nucleus. 

N(b)-Methyldihydrochanodihydrostrychnidine-0.—This base crystallises from many organic 
solvents in colourless prismatic needles, m. p. 192—-193° (depressed to 158—165° on admixture 
with the isomeride-A, m. p. 177°) (Found: C, 77-8, 78-1, 77-9; H, 8-9, 8-9, 8-9; N, 8-3, 8-3; 
MeN, 5-0. C,,H,,ON*NMe requires MeN, 44%). (Many strychnidine derivatives give MeN, 
1—2%, even when methyl is not attached to nitrogen.) The strong base exhibits the usual 
strychnidine-type colour reactions and its methiodide, very sparingly soluble in boiling acetone, 
crystallises from hot water in microscopic prisms, m. p. 270° (Found: C, 57-6; H, 6-9. 
Cy,H,,ON,,Mel requires C, 57-5; H, 69%). Catalytic reduction of this base was attempted, 
but the unchanged substance was recovered along with readily soluble, probably aromatic- 
nuclear-hydrogenated, compounds; reduction did not occur at the room temperature and 
only proceeded slowly at 65°. 


* The investigation was interrupted for a period of seven years and these and the following analyses 
of the main products have been made recently in confirmation of the earlier work. 
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N(b)-Methylhexahydrostrychnidine-0.—After separation of the bases, m. p.’s 235°, 142°, 192°, 
from the crude distilled product of the original process, a large amount of bases remained in 
the various mother-liquors and these were collected (over 400 g.). The bases were then sub- 
mitted to electrolytic reduction in 20% sulphuric acid solution at 30—35° under the usual 
conditions and recovered. On keeping the acetone solution of the product in the ice-chest, a 
crystalline crust, m. p. 215—220°, separated and this was purified by crystallisation and found 
to consist of hydroxydihydro-N (b)-methylchanodihydroneostrychnidine, m. p. 236—237°. The 
bases were isolated, distilled under 1 mm., again electrolytically reduced, and again isolated 
and dissolved in acetone. In this way more of the crystalline crust was obtained and the series 
of operations was repeated six times; no more crystals were then obtained. Two of the reduc- 
tions were carried out at 12°, two at 18°, two at 30°, and the last at 41°; the duration of the 
process averaged 16 hours (C = 5amps.). The final product distilled at 230—232°/4 mm. and 
set to a transparent resin that could not be crystallised (Found: C, 77-7; H, 9-5; N, 8-2. 
C,,H;,ON, requires C, 77-6; H, 9-4; N, 8:2%). This base is probably not homogeneous; it 
exhibits strychnidine-type reactions and combines readily with methyl iodide to a gummy 
methiodide. The related methochloride evolved some volatile base on being heated with methyl- 
alcoholic potash, and the resinous base produced was distilled (b. p. 225—233°/ 3 mm.). This 
now gave a crystalline methiodide very readily and in good yield; it separated from methyl 
alcohol in minute crossed prisms, m. p. 278—280° (Found: C, 58-3; H, 7-0%). 

Reduction of N(b)-Methylneostrychnidinium Chloride.—This salt was reduced by sodium 
amalgam under the conditions already prescribed for strychnidine methosulphate, the only 
variation being that neutrality was maintained by the addition of a drop of acetic acid when 
necessary. The separation of a base occurred, but apparently not so readily as in the methyl- 
strychnidinium series, The crude base was isolated by means of pure ether and the gum was 
extracted with a large volume of boiling light petroleum. Nothing separated from this solution 
and on evaporation a gum was obtained. This was dissolved in acetone and kept in the ice- 
chest for a week; soft crystals were then deposited. The mother-liquor was not further 
examined owing to the paucity of the material, but the crystals were submitted to seven re- 
crystallisations from acetone and then had m. p. 142—143°, alone or mixed with a specimen of the 
N(b)-methylchanodihydroneostrychnidine-6, m. p. 142°, described above. The yield was unsatis- 
factory. No base could be isolated when methyldihydrostrychnidinium-A chloride was 
treated with sodium amalgam under the conditions used for strychnidine methosulphate. 

Oxidation Experiments.—The crude distilled product, b. p. 230—232°/1 mm., from the 
original reduction was oxidised in several experiments by means of potassium permanganate in 
acetone solution at 5—10°. The reagent was only slowly attacked and from the manganese 
dioxide precipitate a brown crystalline acid was isolated. This substance darkened at 190° 
and decomposed at 210—220° (Found : C, 66-6; H, 6-3; N, 7-1. C,,H,,0O;N, requires C, 66-7; 
H, 6-0; N, 7:1%). In another experiment the acid isolated gave similar analytical figures 
(Found: C, 66-4; H, 5-6; N, 6-8. C,,H,,O,;N, requires C, 67-0; H, 5-6; N, 7-1%). 

The use of pure N(b)-methylchanodihydroneostrychnidine-§ gave somewhat different results. 
Powdered potassium permanganate (13 g.) was gradually added to a solution of the pure base 
(5 g.) in acetone (300 c.c.) and water (5 c.c.) at 3°. The decomposition of the permanganate 
occupied 3 days. The liquid was filtered, and the manganese sludge (A) washed with acetone. 
The solution was evaporated to dryness (gum, 4 g.), and the residue gently heated with very 
dilute acetic acid; only a small portion dissolved (filtrate B) and the remainder hardened to a 
pale ochre semi-crystalline mass. This, thrice crystallised from methyl alcohol (norit), formed 
small colourless prisms, m. p. 235—240° (Found: C, 74:8; H, 7-6; N, 7-9. C,,H,O,N; 
requires C, 75-0; H, 7-9; N, 7-9%). This oxy-N(b)-methylchanodihydroneostrychnidine-6 is 
slightly soluble in boiling water, is a very feeble base, and gives colour reactions of the 
strychnidine type. 

The filtrate (B), on cooling, deposited a crop of crystals, sparingly soluble in ether and readily 
soluble in methyl alcohol. The substance crystallised in colourless prisms from ether, m. p. 180° 
(Found: C, 72-2; H, 6-9; N, 7-6. C,,H,,O,;N, requires C, 72-1; H, 7-1; N, 7-6%). The 
compound, obtained in very small yield, is a very feeble base of strychnidine type. The number 
of hydrogen atoms in the molecule remains uncertain. 

The precipitate (A) was extracted with boiling water and the filtered solution and washings 
weie concentrated and acidified to Congo-red with sulphuricacid. The pale chocolate precipitate 
(filtrate C) was collected, dried, dissolved as far as possible in boiling methyl alcohol, and the 
solution concentrated. The pale brown crystalline acid that separated on keeping was washed 
and dried (Found: C, 64-2; H, 64%). The solution (C) deposited crystals of a very sparingly 
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soluble acid (Found : C, 64:3; H, 6-0; N, 7-1. CggH,,O,N, requires C, 64-1; H, 5-8; N, 6-8%). 
Possibly this acid is the hydrate of that isolated from the oxidation of the crude reduction 
product. 


THE Dyson PERRINS LABORATORY, 
OxFoRD UNIVERSITY. (Received, February 15th, 1934.] 





120. Strychnine and Brucine. Part XXVI. Hofmann Degradation 
of Methyldihydrostrychnidinium-A Carbonate, Isolation of a Fourth 
Isomeride of Dihydrostrychnidine. 


By O. AcHMATOWICZ and R. ROBINSON. 


OnE of the chief objectives of the present series of investigations has always been the 
degradation of the molecules of strychnos bases by Hofmann’s method, but hitherto no 
true des-bases have been obtained by the thermal decomposition of metho-salts or metho- 
hydroxides in this series. A long series of trials with the N(b)-methyl derivatives of 
strychnine, brucine, strychnidine, brucidine, neostrychnine and neostrychnidine has been 
fruitless apart from the formation of the methoxymethyldihydro-types and the reductive 
fissions (compare preceding communication). 

Nevertheless, in Part XV (Achmatowicz, Perkin, and Robinson, J., 1932, 486) theoretical 
considerations, based on the recognition that both strychnine and neostrychnine are of 
allylamine type, prompted the idea that better success might be the outcome of attempted 
Hofmann eliminations in the series of the dihydro-bases in which the allylamine structure 
is no longer present. 

Preliminary experiments in many series have justified this view and the present memoir 
records the realisation of the project in the case of metho-derivatives of dihydro- 
strychnidine-A. 

The thermal decompositions of the methohydroxide, methyl hydrogen carbonate 
(excess of carbon dioxide on methohydroxide), methocarbonate (silver carbonate on the 
methochloride), dimethohydroxide, dimethyl dihydrogen carbonate, and dimethocarbonate 
have been studied and similar results obtained in all cases. The use of the methyl hydrogen 
carbonate was convenient and this example is selected for more detailed description in the 
experimental section. Of the five products, separated only by laborious fractional crystal- 
lisations, the first was recognised as dihydrostrychnidine-A, m. p. 214—215°, and three 
others could be related to known compounds. These are (2) a des-base, Cy,H,,ONg, 
m. p. 143—144°; (3) a substance, C,3H,,0,.N,, m. p. 220°; and (4) a substance, 
CypHggO.No, m. p. 158—159°. The des-base (2) is identical with the N(b)-methylchano- 
dihydro(neo)strychnidine described in the preceding communication, but the investigation 
of the two substances was carried out quite independently. This des-base, m. p. 143—144°, 
yields a dihydro-derivative, m. p. 177°, on catalytic reduction, and this substance was also 
identified by direct comparison and the method of mixed melting points with the base, 
m. p. 177°, prepared from strychnidine methosulphate by reduction with sodium 
amalgam and catalytic reduction of the product. If the provisional suggestion that the 
base C,,H,gONg, m. p. 143°, is a derivative of meostrychnidine is correct, then the substance 
is not a des-base of the normal type and, in the course of the elimination of water, either 
a proton is extracted from a CH: group in the y-position to N(b), or there is a shifting of a 
double bond in the primary product: the first of these alternatives is preferred. The 
substance (3) was identified as methoxymethyltetrahydrostrychnidine (Part IV; Clemo, 
Perkin, and Robinson, J., 1927, 1589); and the new substance (4), m. p. 158—159°, has 
been recognised as the corresponding hydroxymethyltetrahydrostrychnidine, because on 
methylation it yields methoxymethyltetrahydrostrychnidine, m. p. 220°, and by appro- 
priate treatment the methyldihydrostrychnidinium-A salts can be regenerated. For 
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example, this occurs under the influence of hot dilute sulphuric acid or of hydriodic acid. 
It forms an O-acetyl derivative, and dihydrostrychnidine-A is obtained by the thermal 
decomposition of this substance. The most interesting of the substances separated from 
the decomposition products of methyldihydrostrychnidinium-A hydrogen carbonate is, 
however, a second des-base-D (designated so for reasons disclosed below), C.,H,,ONg, 
m. p. 196—197°. This substance, from its mode of formation and composition, should 
be unsaturated and an attempt to demonstrate this by reducing it to a dihydro-derivative 
by means of hydrogen in presence of palladium and in aqueous acetic acid solution gave a 
remarkable result. Instead of the expected dihydro-derivative, a quaternary acetate 
was produced; thus the double bond of the des-base can add itself to N(b) in a reversed 
Hofmann or Emde type of reaction. So far as we are aware, a reaction of this kind bas 
not previously been observed. The quaternary acetate was converted into a related 
todide and chloride, and the latter substance on thermal decomposition afforded a new 
isomeride (D) of dihydrostrychnidine. 

The dilute aqueous acid-ferric reaction of the des-base-D is sui generis, whereas the 
des-base, m. p. 143—144°, gives strychnidine-type reactions. We conclude that the double 
bond in the des-base-D (a) is produced by fission at a MeN(b)-C group different from that 
affected in the formation of the des-base, m. p. 143—144°, and (b) is located in such 
proximity to N(a) that it can have a large influence on the colour reactions owing to the 
presence of the aromatic nucleus in association with N(a), and further (c) is situated with 
respect to N(b) in such a position as to render possible the reconstitution of an ssomeric 
dihydrostrychnidine ring-system. 

These requirements are accommodated by the formula (I) for dihydrostrychnidine-A 
(or -D) methohydroxide and (II) for the des-base-D. On this hypothesis the isomerism 
of dihydrostrychnidines-A and -D is dependent on the arrangement of the C,H, group, 
it being ethylene in the one case and ethylidene in the other. Both arrangements can be 


CH, C,H, CH, “CH=CH, 
\ \ 
Cus ‘cH —NM@OH ch bi 
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* In this and the preceding and following communications the group C,H, is assumed to be attached 
to the a-position in the hydro-indole nucleus. The chief reason for this is Leuchs’s observation of the 
ready bromination of diketonucidine. The properties of the des-base-D also favour the view adopted 
provisionally and it should further be noted that Wieland has illustrated his work on vomicine deriv- 
atives by means of part formule in which a hydroxyl appears on the f-carbon of the hydro-indole 
nucleus. Nevertheless, it must be clearly stated that the only conclusion on this aspect of the structural 
problem which we draw from our own observations of the behaviour of strychnine and its derivatives is 
that the C,H, group is attached to the a- or B-position in the hydro-indole nucleus. Were it otherwise, 
the formation of aromatic indole derivatives in oxidation processes would surely have been frequently 
observed. 


set up in practically strainless models. The formation of methyldihydrostrychnidinium-D 
salts from the des-base-D receives only one plausible explanation on the basis of the formula 
(III) for strychnine. On the assumption of the usual relation between methine and 
quaternary ammonium hydroxide it is apparent that the des-base-D would either be 
formed from a heterocyclic four-ring in dihydrostrychnidine-A or, alternatively, yield 
such a four-ring in its transformation to the dihydrostrychnidine-D system. Neither 
alternative is attractive and the formula (IV) (for methyldihydrostrychnidinium-A 
hydroxide, after strychnine, III) illustrates this argument, the asterisked carbon atoms 
denoting the possible sites of unsaturation [in the «- or B-position to N(b)] in the des-base-D. 
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No combination of fission at the dotted lines and a selection of a compatible position for 
the ethylenic linkage is helpful. 
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On the other hand we now recognise that strychnine is a derivative of y-pheny]l- 
propylamine and it is well known that the Hofmann degradation of bases of this type 
invariably yields the isopropenylbenzenes and not the allylbenzenes. The formule 
(V) and (VI) embody this idea and represent the des-base-D and dihydrostrychnidine-D 
respectively, either (I) or (IV) being used for dihydrostrychnidine-A methohydroxide. 
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Obviously this possibility, also, brings the unsaturated link in the des-base-D into relation 
with N(a) and the aromatic nucleus as the facts require. 

In considering these alternatives it should first be noted that the des-base-D, the 
methyldihydrostrychnidinium-D salts, and dihydrostrychnidine-D are among those 
strychnine derivatives that give a negative result in the Kuhn—Roth method for estimation 
of :CMe groups (compare p. 594 for further comments on these results). Hence it seems 
probable that neither dihydrostrychnidine-A nor dihydrostrychnidine-D contains the group 
:CMe, and this implies that the C,H, group in strychnine has the ethylene arrangement. 
Thus the explanation of the formation of dihydrostrychnidine-D which is dependent on 
the isomerism in the C,H, group is rendered improbable and the formule (V) and (VI) 
are to be preferred. Furthermore, stereochemical considerations favour the attachment 
of the ethylene group in (V) to the «-position in the indole nucleus; owing to the infraction 
of Bredt’s rule, the alternative cannot be set up on the models with strainless rings. 

The behaviour of the isomeric dihydrostrychnidine metho-salts towards methyl- 
alcoholic potassium hydroxide provides an interesting contrast. (A) gives methoxymethyl- 
tetrahydrostrychnidine-A ; (B) gives methoxymethyltetrahydrostrychnidine-B and some 
regenerated dihydrostrychnidine-B; (C) gives no methoxy-compound and no methine, 
but a quantitative recovery of dihydrostrychnidine-C (compare Part VIII; Perkin and 
Robinson, J., 1929, 964); (D) gives nothing but the methine, that is, the des-base, m. p. 
196—197°. Incidentally we may mention that the present communication contains a 
preliminary description of a fifth dihydrostrychnidine-E which has not yet been examined 
in detail. It was not found feasible to proceed to a second stage of Hofmann degradation 
using the des-base-D. The methiodide is a characteristic derivative, but the related metho- 
chloride yields the original base, m. p. 196—197°, either by thermal decomposition or by 
the action of methyl-alcoholic potassium hydroxide. The quaternary hydroxide also 
loses methyl alcohol, forming the des-base-D along with a gummy by-product. 

On oxidation with potassium permanganate in acetone solution the des-base-D affords 
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two substances, C..H,,0,N, (or C,,H,,0,N,), and it thus exhibits the usual and perplexing 
behaviour of unsaturated bases of the strychnidine series in merely taking up one oxygen 
atom. 


The annexed table illustrates the relations of some of the substances described in this 
memoir. 


The Isomeric Dihydrostrychnidines. 


HI 
Sirychnidine Methosulphate <— Strychnidine >” Dihydrostrychnidines-B and -C 
| (Co, H4ON3) 
| Na-Hg pa |, 
| CygHggONg, m. p. 193°| Dihydrostrychnidine-A —» Metho- or Dimetho-hydroxides, 
->CygHg90,No, m. p. 235° 
| Carbonates, or Hydrogen Carbonates 


POCI, i 


des-Base, m. p. 143°| <———— Thermal Decomposition 
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Dihydrostrychnidine-D, Cy,HgONg, m. p. 199°. 










EXPERIMENTAL. 


Derivatives of Dihydrostrychnidine-A.—Large quantities of dihydrostrychnidine-A- were 
prepared by electrolytic reduction of dihydrostrychnine. Methyldihydrostrychnidinium iodide 
was produced by direct combination of the components and was used for the experiments 
after being thrice recrystallised from much boiling water. Methyldihydrostrychnidinium 
hydrogen carbonate was prepared by shaking a hot aqueous suspension of methyldihydro- 
strychnidinium iodide with an excess (20%) of freshly precipitated silver oxide and neutralising 
the strongly alkaline filtrate with carbon dioxide. The salt is very readily soluble in water 
and separates from a concentrated solution as a paste of colourless needles (Found in material 
dried in a vacuum: C, 60-9; H, 8-2. Cy3H390,N,,3H,O requires C, 61-1; H, 8-0%). It 
evolves carbon dioxide on treatment with dilute acids, and on addition of hydriodic acid is 
converted into methyldihydrostrychnidinium iodide, m. p. 340°. Methyldihydrostrychnidinium 
hydroxide, prepared in a similar way but in an atmosphere protected from carbon dioxide, was 
obtained as a horny mass freely soluble in water (Found in material dried in a vacuum at 
105—110°: C, 74:2; H, 8-8. CysHggO,N, requires C, 74-6; H, 8-5%). Its strongly alkaline 
aqueous solution absorbs carbon dioxide from the air. 

The Thermal Decomposition of Methyldihydrostrychnidinium-A Hydrogen Carbonate.—The 
quaternary derivatives described above give, on thermal decomposition, exactly the same 
mixture of products. However, the use of the hydrogen carbonate is to be preferred, because 
the reaction can be conveniently controlled by observation of the rate of evolution of carbon 
dioxide and in this manner undesirable superheating is avoided. Similar results were also 
obtained by the action of heat on the quaternary salts produced from methyldihydro- 
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strychnidinium-A iodide or dimethyldihydrostrychnidinium-A di-iodide by means of silver 
carbonate. 

Methyldihydrostrychnidinium hydrogen carbonate (250 g.), dried at 105° and finely powdered, 
was heated over a flame in test-tubes in batches of 1—2 g. until the evolution of carbon dioxide 
ceased. The brown glassy decomposition product was dissolved in the minimum of boiling 
methyl] alcohol (3—5 c.c. for each test-tube) and on cooling, crop (1) was deposited. The methyl- 
alcoholic filtrate was concentrated as far as possible; the residue on rubbing with acetone 
(150 c.c.) furnished crop (2). The solution was then evaporated to dryness in a vacuum, the 
residue extracted with light petroleum (1500 c.c., b. p. 80—100°), and the extract filtered from 
a dark gummy impurity (not examined, 10%) and concentrated to half its volume; after 
several days crop (3) was deposited. The filtrate was again evaporated to dryness under 
diminished pressure and the residue was mixed with a little acetone or methyl alcohol; this 
operation furnished crops (4) and (5), but the crystallisation was very slow and occupied 2 
months. The final mother-liquor was distilled and a fraction (b. p. 252—258°/3 mm.) was 
collected. 

Crop (1) was recrystallised from methyl alcohol (norit) and yielded the des-base-D, m. p. 
196—197° (total yield, 15%), and a small quantity of methoxymethyltetrahydrostrychnidine 
from the methyl-alcoholic mother-liquor. The methoxy-derivative, obtained at this stage 
and also isolated from crop (4) (see below) (total yield, 5%), was identified, after being thrice 
recrystallised from benzene, by m. p., by mixed m. p. (220° in both cases), by analysis (Found : 
C, 75:2; H, 8-8; MeO, 8-4. Calc. for C,,H;,0,N,: C, 75-0; H, 8-7; MeO, 8-3%), and also 
by conversion into methyldihydrostrychnidinium iodide, m. p. 340°. 

Crop (2) was recognised as dihydrostrychnidine-A ; it had m. p. 214—216°, alone or mixed 
with pure dihydrostrychnidine-A, and it yielded the sparingly soluble methyldihydro- 
strychnidinium iodide, m. p. 340°, on treatment with methyl iodide (total yield, 35%). 

Crop (3) consisted of almost pure hydroxymethyltetrahydrostrychnidine hydrate, m. p. 
158—159°. It was purified by recrystallisation from ethyl acetate (total yield, 30%). 

Crop (4) proved to be a mixture of dihydrostrychnidine-A, methoxymethyltetrahydro- 
strychnidine (see above), and hydroxymethyltetrahydrostrychnidine hydrate. The mixture 
was resolved by fractional crystallisation from methyl alcohol, acetone, benzene and ethyl 
acetate. 

Crop (5) gave on fractional crystallisation from methyl alcohol and ethyl acetate a further 
quantity of hydroxymethyltetrahydrostrychnidine hydrate and also the des-base, m. p. 
143—144°, the latter (yield, 10%) being purified by repeated crystallisation from methy] alcohol. 
The fraction, 252—258°/3 mm., was separated into dihydrostrychnidine-A and hydroxymethyl- 
tetrahydrostrychnidine hydrate. 

Anhydromethylsirychnidinium-D Hydroxide (des-Base-D, m. p. 196—197°).—The base 
crystallises from methyl alcohol, on slow cooling, in long, fragile, colourless needles (Found : 
C, 78-4, 78-4; H, 8-6, 8-6; N, 8-1; MeN, 5-4. C,,H,,ON, requires C, 78-6; H, 8-3; N, 8-3; 
MeN, 4-5%), very sparingly soluble in the simple alcohols, acetone and ethyl acetate; it dis- 
solves readily in chloroform or benzene and separates from the latter solvent in hard quadri- 
lateral plates. With 60% sulphuric acid and a trace of potassium dichromate it gives a pale 
brown coloration (ferric reaction, see below). The base remained unchanged after being 
electrolysed in the usual apparatus for 24 hours at 15°; fruitless attempts were also made to 
reduce it in neutral benzene solution by means of hydrogen in the presence of palladium and 
charcoal. 

The methiodide. The des-base-D is not affected by methyl iodide at room temperature or 
even after warming on a steam-bath for 1 hour. The derivative was prepared by refluxing 
the base for 5 hours with a large excess of methyl iodide; it is moderately readily soluble in 
cold water and methyl alcohol, dissolves readily on boiling and separates, on cooling, as a mass 
of soft colourless needles, m. p. 289—290° (Found in material dried at 104°: C, 57-5; H, 6-6. 
C,3H,,ON,I requires, C, 57-7; H, 65%). 

The methochloride, prepared in the usual way, is very readily soluble in water and separates 
from a concentrated solution as a crystalline powder which, dried at 105°, has m. p. 308—310°; 
it possesses the power of retaining water of crystallisation at 105° (Found in material dried at 
105°: C, 68-0; H, 8-4. C,;H,;,ON,CI,H,O requires C, 68-2; H, 8-2%). The derivative was 
decomposed on heating or by digestion with an excess of 20% methyl-alcoholic sodium methoxide 
and in both cases the des-base-D, m. p. 196—197°, alone or after admixture with an authentic 
specimen, was recovered in good yield. 

The hydrogen carbonate was prepared from the above iodide by means of silver oxide, 
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followed by passage of carbon dioxide. It is freely soluble in water and remains on evaporation 
of the solvent as a brown horny mass, which evolves carbon dioxide on treatment with dilute 
acids and on addition of hydriodic acid furnishes the methiodide, m. p. 289—290°. The thermal 
decomposition of the salt afforded the des-base-D, m. p. 196—197°, in poor yield along with a 
gummy by-product which has not yet been examined. 

Oxidation of the des-Base-D.—Finely powdered and sieved potassium permanganate (5 g.) 
was added gradually in small quantities to a solution of the base (5 g.) in acetone (1000 c.c.) 
at the room temperature. When the decolorisation of the reagent was complete (3 days), the 
manganese precipitate was collected and washed with warm acetone and the combined filtrate 
and washings were concentrated to a small volume. From the green fluorescent residue two 
isomeric crystalline oxy-derivatives were isolated by rubbing with methyl alcohol. 

The more sparingly soluble oxy-derivative, m. p. 234—236° (yield, 90%), crystallises from 
much boiling methyl alcohol in minute colourless needles or plates (Found: C, 75-0; H, 7-5. 
CysH,,0,N, requires C, 75-0; H, 7-9%). It is very sparingly soluble in cold methyl alcohol 
or acetone, sparingly soluble even on boiling, but it dissolves readily in chloroform. With 
60% sulphuric acid and potassium dichromate it gives a brown coloration with a faint pink 
tint. It was recovered unchanged after prolonged refluxing with hydroxylamine hydro- 
chloride and sodium acetate in methyl-alcoholic solution; neither could it be induced to combine 
with benzaldehyde, on standing at the room temperature or on boiling, in methyl-alcoholic 
solution in the presence of sodium methoxide. 

The oxy-derivative, m. p. 162° (yield, about 10%), is very readily soluble in methyl alcohol 
and separates therefrom in soft colourless needles (Found: C, 75-0; H, 7:9. C,3H,,0,.N, 
requires C, 75-0; H, 7-°9%). A solution of the base in 60% sulphuric acid gives with potassium 
dichromate an intense pink coloration. These substances may be described as the oxyanhydro- 
methylstrychnidinium-D hydroxides. 

Attempted Catalytic Hydrogenation of the des-Base-D. Formation of Methyldihydro- 
strychnidinium-D Acetate-——The base (3-4 g.) was dissolved in 50% acetic acid (50 c.c.) and 
hydrogenated in the presence of palladium (0-5 g., free from hydrochloric acid) and charcoal 
(5 g. in 50 c.c. of water). Absorption of the gas was rapid * and ceased after 75 minutes, 
240 c.c. (at N.T.P.) having been taken up (calc. for 2H, 230 c.c.). The filtered solution was 
basified with ammonia (no precipitate) and the quaternary salt was precipitated by the addition 
of much solid potassium carbonate and purified by repeated crystallisation from the minimum 
of boiling water. Methyldihydrosirychnidinium-D acetate (yield, 3-2 g.) is very readily soluble 
in water or methyl alcohol and separates from the former in long, colourless, silky needles, 
m. p. 307—308° (Found in material dried at 104°: C, 72-5; H, 8-3. C,,H;,0,N, requires 
C, 72:7; H, 8-1%). 

Methyldihydrostrychnidinium-D iodide was prepared by the addition of sodium iodide to an 
aqueous solution of the above acetate. It is remarkably sparingly soluble in water, hot or cold, 
and separates in minute, colourless, glistening plates, m. p. 317—-318°, containing 1H,O which 
is not lost at 104° (Found in material dried at 104°: C, 54:3; H, 6-7. C,,H,gON,I,H,O 
requires C, 54-8; H, 6-4. Found in material dried at 125—130°: C, 56-9; H, 6-5. C,,H,,ON,I 
requires C, 57-0; H, 6-3%). 

Methyldihydrosirychnidinium-D chloride, obtained by the action of silver chloride on an 
aqueous solution of the iodide, forms colourless needles, m. p. 318—319°, moderately soluble 
in cold and readily soluble in boiling water. Like the corresponding iodide, it has a tendency 
to retain water of crystallisation at 104° (Found in material dried at 104°: C, 67-3; H, 8-2. 
C,,H,,ON,CI1,H,O requires C, 67-6; H, 8-0%). 

The Action of Sodium Methoxide on Methyldihydrostrychnidinium-D Chloride.—A suspension 
of the chloride (2 g.) in methyl-alcoholic sodium methoxide (20 c.c. of 10%) was evaporated to 
dryness, and the residue heated on a sand-bath until the temperature of the crust reached 110°. 
On addition of ice a caseous precipitate formed; this was collected, dried at 100° (yield, 2 g.), 
twice recrystallised from methyl alcohol, and identified with the des-base-D by m. p. and by 
mixed m. p. (196—197° in both cases). 

The Thermal Decomposition of Methyldihydrosirychnidinium-D Chloride. Formation of 
Dihydrosirychnidine-D,—The salt was decomposed by careful heating in a tube immersed in a 
sulphuric acid bath until the evolution of methyl chloride ceased, and the residual base was 
repeatedly crystallised from methyl alcohol (norit). Dihydrosirychnidine-D (yield, 35%) 
crystallises in faintly brownish needles, m. p. 197—199° (mixed with the des-base-D, m. p. 


* Evidently due to a side-reaction; the product isolated had the original state of oxidation. 
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150—170°). It is moderately soluble in methyl and ethyl alcohol, sparingly soluble in acetone 
and cthyl acetate, and readily soluble in chloroform. A solution of the base in 60% sulphuric 
acid gives a brown coloration on the addition of a drop of aqueous potassium dichromate (Found : 
C, 78-1; H, 8-3.° C,,H,,ON, requires C, 78-3; H, 8-1%). 

The methiodide. Dihydrostrychnidine-D combines instantly with methyl iodide with 
evolution of heat and formation of methyldihydrostrychnidinium-D iodide. The identity of 
the salt thus prepared with that produced by catalytic hydrogenation of the des-base-D was 
established by m. p., mixed m. p. (317—318° in both cases), and by analysis (Found in material 
dried at 104°: C, 54-5; H, 6-6. Calc. for C,,H,gON,I,H,O: C, 54:8; H, 6-4%). 

Hydroxymethylietrahydrosirychnidine Hydrate-——The base crystallises from ethyl acetate 
in pale yellowish needles, m. p. 158—159°. It is very sparingly soluble in light petroleum, 
sparingly soluble also in benzene, moderately readily soluble in ethyl acetate; it dissolves 
readily in the simple alcohols, acetone or chloroform. When crystallised from methyl alcohol, 
it separates as a sandy colourless powder; from acetone and light petroleum it is obtained in 
colourless needles. The aqueous sulphuric acid—dichromate reaction is to a pink coloration 
which changes to reddish-purple. The base was recovered unchanged after prolonged refluxing 
with methyl iodide; it is also indifferent towards benzaldehyde in methyl-alcoholic solution 
in the presence of sodium methoxide (Found in material crystallised from acetone and dried 
at 100°: C, 71-3; H, 8-8; MeN, 4-7. Found in material crystallised from ethyl acetate and 
dried at 100°: C, 71-4; H, 8-6; N, 7-5; MeN, 4-3. Found in material crystallised from light 
petroleum and dried at 100°: C, 71-4; H, 8-6. Cy ,H39O,N,,H,O requires C, 71-0; H, 8-6; 
N, 7-5; MeN, 4-1. Found in material dried in a high vacuum at 110—115°: C, 74-4; H, 8-6. 
C,.H3,0,N, requires C, 74-6; H, 8-5%). 

The O-acetyl derivative was prepared by the addition of anhydrous sodium acetate (1 g.) 
to a cold solution of hydroxymethyltetrahydrostrychnidine hydrate (3 g.) in acetic anhydride 
(10 c.c.); reaction occurred immediately with evolution of heat and the derivative crystallised. 
When the mixture was heated for a few minutes, the yield was considerably diminished and on 
prolonged heating at 100° no acetyl derivative was produced, a product very soluble in water, 
presumably methyldihydrostrychnidinium-A acetate, being formed. The crude product was 
triturated with aqueous sodium hydroxide, dried, and thrice recrystallised from ethyl acetate 
(total yield, after working up the filtrates, 3 g.). The derivative is very sparingly soluble in 
cold or boiling methyl alcohol; it dissolves moderately readily in ethyl acetate and separates 
therefrom in colourless plates (slow cooling) or in needles, m. p. 254—255° (Found: C, 72-6; 
H, 8-1. C,H 3,0,N, requires C, 72-7; H, 8-1%). 

A mixture of this acetyl derivative (1 g.) with methyl-alcoholic potassium hydroxide (10 c.c. 
of 10%) and water (3 c.c.) was heated for } hour on the steam-bath. On dilution with ice- 
water, hydroxymethyltetrahydrostrychnidine hydrate crystallised. It was dried (yield, 0°8 g.), 
recrystallised from ethyl acetate, and identified by m. p. and by mixed m. p. (158—159° in 
both cases). 

Methylation of Hydroxymethyltetrahydrosirychnidine. Formation of Methoxymethyltetra- 
hydrostrychnidine—A suspension of hydroxymethyltetrahydrostrychnidine hydrate (2 g.) 
in aqueous sodium hydroxide (20 c.c. of 40%) was shaken with methyl sulphate (5 c.c.), which 
was added gradually. The liquid, which became warm, was diluted with ice-water and the 
caseous precipitate was collected, dried, washed with methyl alcohol, and recrystallised from 
benzene (yield, 1-4 g.). The glistening prisms which separated were identified with methoxy- 
methyltetrahydrostrychnidine by m. p., by mixed m. p. (220° in both cases), and by 
analysis (Found: C, 74-9; H, 8-8; MeO, 8-1. Calc. for C,,H;,0,N,: C, 75-0; H, 8-7; 
MeO, 8-3%). 

The Thermal Decomposition of the Acetoxymethylietrahydrosirychnidine.—When the acetyl 
derivative (1 g.) was gently heated in a test-tube over a flame, a vigorous effervescence took 
place and the odour of methyl acetate was noted. The pale-coloured residue crystallised on 
cooling and after recrystallisation from methyl alcohol proved to be dihydrostrychnidine-A, 
m. p. 214—216° (yield, 0-7 g.). 

The Action of Hot Dilute Sulphuric Acid on Hydroxymethylietrahydrosirychnidine.—The base 
is not attacked in 3 hours by boiling 10% sulphuric acid (by vol.). But when a solution of the 
substance (2 g.) in sulphuric acid (15 c.c. of 50% by vol.) was refluxed for 3 hours, no precipitate 
was formed on dilution and addition of ammonia, Now, when sodium iodide (3 g.) was added, 
methyldihydrostrychnidinium-A iodide (1-2 g.) was deposited. This was thrice recrystallised 
from water (charcoal) and identified by m. p., by mixed m. p. (340° in both cases), by analysis 
(Found: C, 56-8; H, 6-4. Calc. for C,,H,,ON,I: C, 56-9; H, 6-3%), and by conversion into 
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the corresponding chloride (usual method), which on thermal decomposition yielded dihydro- 
strychnidine-A, m. p. 214—216°. 

The Action of Hydriodic Acid and Phosphorus on Hydroxymethyltetrahydrostrychnidine 
Hydrate.—This experiment was carried out in the hope of obtaining the des-base, m. p. 143—144°, 
but the quaternary salt was again produced. 

A mixture of the base (3 g.), hydriodic acid (15 c.c., d 1-94), and amorphous phosphorus 
(1 g.) was boiled for 8 hours. The liquid, after filtering through asbestos, was poured into water 
(200 c.c.) and basified with ammonia. The solution, on concentration to a small volume, 
deposited two crops of crystals, (A) and (B). 

Crop (A) was identified in the usual way with methyldihydrostrychnidinium-A iodide, 
m. p. 340° (yield, 1-1 g.). Crop (B) was purified by repeated crystallisation from 50% aqueous 
methyl alcohol. It separated in small aggregates, which were moderately soluble in methyl 
alcohol and water and melted with vigorous effervescence at 225—228° (yield, 0-7 g.) (Found : 
C, 56-4; H, 6-6. C,,H,,ON,I requires C, 56-8; H, 63%). This substance appears to be an 
isomeride of methyldihydrostrychnidinium-A iodide; it has not yet been further examined. 

The des-Base, m. p. 143—144° [N(b)-Methylchanodihydro(neo)strychnidine].—The base 
crystallises from methyl alcohol in long, colourless, prismatic needles (Found: C, 78-3; H, 
8-3; MeN, 4-9. C,,H,,ON, requires C, 78-6; H, 8:3; MeN, 45%). A mixture with 
N(b)-methylchanodihydro(neo)strychnidine, m. p. 142—143° (see preceding communication), 
had m. p. 142—143°. It is sparingly soluble in cold methyl] alcohol and acetone, but dissolves 
readily in chloroform and benzene. A solution of the base in 60% sulphuric acid gives with a 
drop of aqueous dichromate a pink coloration, and the same colour is developed in dilute 
hydrochloric acid on addition of ferric chloride. The methiodide, prepared by gently heating 
a mixture of the components, was readily soluble in water or methyl alcohol and exhibited 
no tendency to crystallise. On evaporation of the solution it was obtained as a colourless 
glass (Found in material dried in a vacuum: C, 57-3; H, 7-0. C,3H3,ON,I requires C, 57-7; 
H, 6-5%). 

The methochloride (usual method) is a horny mass freely soluble in water; when decomposed 
by heat or digested with 20% methyl-alcoholic potassium hydroxide, it yields the des-base, 
m. p. 143—144°, in theoretical yield. 

The Catalytic Hydrogenation of the des-Base, m. p. 1483—144°.—A solution of the base (2 g.) 
in acetic acid (75 c.c. of 30%) was added to a previously reduced catalyst (0-5 g. of palladous 
chloride, 3 g. of norit, and 200 c.c. of very dilute hydrochloric acid) and stirred in hydrogen. 
The required volume of the gas (135 c.c.) was absorbed in 4 hours. The filtered liquid was 
basified with ammonia, and the colourless base (1-8 g.) collected and crystallised from methyl 
alcohol. It was identified with dihydro-N(b)-methylchanodihydrostrychnidine (Achmatowicz, 
loc. cit., and preceding memoir) by m. p., by mixed m. p. (176—177° in both cases), and by 
analysis (Found : C, 78-0; H, 9-1. Calc. for C,,H;,ON,: C, 78-1; H, 8-9%). 

N(b)-Ethyldihydrosirychnidinium-A iodide, prepared by direct combination of the com- 
ponents, forms long colourless needles, m. p. 345—350°. It is very sparingly soluble in cold 
or boiling water and dissolves moderately readily in boiling methyl alcohol (Found: C, 57-6; 
H, 6-8. C,,H,,ON,I requires C, 57-7; H, 6-5%). 

Ethyldihydrostrychnidinium-A hydrogen carbonate, prepared from the iodide by means of 
silver oxide and carbon dioxide, separates on concentration of the aqueous solution, as a paste 
of brownish crystals, freely soluble in water (Found in material dried at 100°: C, 67-0; H, 8-1. 
C,,H;,0,N,,H,O requires C, 67-2; H, 7-9%). 

The Thermal Decomposition of Ethyldihydrostrychnidinium-A Hydrogen Carbonate.—When 
ethyldihydrostrychnidinium hydrogen carbonate, or the corresponding hydroxide, was de- 
composed as described in previous cases, ethylene (formed in almost theoretical yield and 
quantitatively estimated as dibromide), water, carbon dioxide, and traces of formaldehyde 
(recognised) were evolved and dihydrostrychnidine-A was formed in theoretical yield and was 
identified in the usual manner. 

Dihydrostrychnidine-E.—When the silver salts from the preparation of ethyldihydro- 
strychnidinium-A hydrogen carbonate (or the hydroxide) were extracted with much boiling 
water and the pale brown solution was evaporated to dryness, a solid residue containing some 
metallic silver was obtained. The crude product was insoluble in organic solvents and very 
sparingly soluble in water; it was decomposed by heat; the product, recrystallised from methyl 
alcohol, in which it was very sparingly soluble, proved to be an isomeride of dihydrostrych- 
nidine-A (Found: C, 78-2; H, 7-8. C,,H,,ON, requires C, 78-2; H, 8-1%). The new base 
has m. p. 254—255° (considerably depressed on admixture with strychnidine) and exhibits 
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colour reactions of strychnidine type. Further examination was precluded by the paucity 
of the yield. 

The Ferric Reaction of Strychnidine and Tetrahydrostrychnine Derivatives—Strychnidine and 
tetrahydrostrychnine derivatives exhibit considerable differences of behaviour in this reaction 
and comparisons were first instituted under the following conditions. 

The base (ca. 10 mg.) was dissolved in 0-1% hydrochloric acid (5 c.c.), cooled if heat had been 
applied, and mixed with 0-25% crystallised ferric alum solution (5 c.c.). 

Sirychnidine group: Strychnidine (colour standard; solution quickly becomes pink, then 
eosin-red ; bluish nuance in thin layers, browner red in thicker layers; coloration very stable, 
slowly becomes browner on boiling), dihydrostrychnidine-A, strychnidine metho-salts, benzyl- 
strychnidinium chloride, dihydrostrychnidine-A metho-salts, N(b)-methylchanodihydroneo- 
strychnidine-6, N(b)-methyltetrahydrostrychnidine-6 (somewhat bluer red than standard), 
dihydro-N (b)-methylchanodihydrostrychnidine, hydroxydihydro-N(b)-methylchanodihydroneo- 
strychnidine-6, dioxyhydroxydihydrostrychnidine (Part VI), neostrychnidine, dihydrostrych- 
nidine-B (develops slowly and is weak after 3 hours; good reaction in 1% hydrochloric acid on 
addition of a drop of aqueous ferric chloride); hydroxy- and methoxy-methyltetrahydro- 
strychnidines-A (same comment), methoxymethyltetrahydrostrychnidine-B (almost negative: 
with 1% hydrochloric acid—ferric chloride, slow reaction, good coloration on heating), methoxy- 
methyldihydroneostrychnidine (no reaction; good coloration in 1% hydrochloric acid), oxydi- 
hydrostrychnidine-B methochloride (quite negative), dihydroanhydrotetrahydro-N (b)-methyl- 
strychnidine-K® (slow appearance of much more orange-red coloration, soon changing to yellow), 
dihydrodesmethylenetetrahydromethylstrychnidine-K* (same comment). In the above results 
the most striking observations are the large inhibitory effects of the methoxyl groups in the 
methoxymethy] series of bases and the instability of the colours from the last-mentioned two 
substances. It is of interest that the ring including -N(a)CH,- in these bases is not fused to 
the oxide ring. Therefore the somewhat similar behaviour of isostrychnidine (Part VI) is 
significant. Under the standard conditions this base gives only a pale coloration, but with 
1% hydrochloric acid-ferric chloride the usual colour is developed ; the solution quickly becomes 
brown and then yellow on boiling. O-Acetylisostrychnidine gives no reaction; there is a slow 
development of colour in 1% hydrochloric acid-ferric chloride on heating (also fades). The 
des-base-D gives slowly a brownish-red solution (suggestion of blue shade at first) and this 
becomes brownish-yellow on standing. In 1% hydrochloric acid-ferric chloride the reaction 
approaches that of strychnidine but soon becomes browner and on heating the solution becomes 
yellowish-brown. Dihydrostrychnidine-D and its methochloride give very rapidly the usual 
reaction, but this darkens at once; the pink nuance in thin layers persists for some minutes, 
but after 3 hours the solution is intense brownish-yellow. In 1% hydrochloric acid-ferric 

chloride the reaction is of more normal type, especially on heating and, though fading to a 
browner-yellow shade occurs, the coloration is more stable than that due to the des-base-D. 

Tetrahydrostrychnine group : Under the conditions mentioned above, the reaction of tetra- 
hydrostrychnine derivatives is quite distinctive; they give more opaque, duller, bluer colorations 
than the strychnidines. 

Tetrahydrostrychnine and its N(b)-metho-salts (reddish-mauve, changing to bluer mauve 
or dull reddish-violet and violet with blue shade on long standing), hexahydrostrychnine and 
its methosulphate (slower development of colour and somewhat browner shade than tetra- 
hydrostrychnine; similar colour on keeping), dioxyhydroxyhexahydrostrychnine, methyl- 
strychnine, strychnic acid, and isostrychnic acid (weaker colour than normal) were all observed 
to give reactions of this type. 

Negative.—All compounds containing ‘N(a)*CO* and -NMe(a). 

Estimations of CMe Groups.—These were kindly undertaken by Dr. H. Roth of Heidelberg. 
Dihydrostrychnidine-D and its metho-salts, the des-base-D, m. p. 196—197°, and hydroxy- 
methyltetrahydrostrychnidine gave negative results. On the other hand the des-base, m. p. 
142° (Found : yield of C,H,O,, 83-4, 87-0% of the theoretical), and its dihydro-derivative, m. p. 
177° (Found : yield of C,H,O,, 63-3, 63-7% of the theoretical) (see also the preceding communi- 
cation), in striking contrast afforded a substantial part of an equivalent of acetic acid when 
oxidised with chromic acid. These results are of much interest, because they confirm our . 
view that the des-base, m. p. 142°, contains a 3CMe group and in the case of the dihydro-derivative, 
m. p. 177°, the positive result with a saturated environment of *CHMe: shows that strychnine 
should also give a positive result if it did indeed contain the group *CHMe: in the molecule. 
It was quite to be expected that the unsaturated des-base, m. p. 142°, would give a better yield 
of acetic acid on oxidation than would its dihydro-derivative. 


QQ 
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121. Strychnine and Brucine. Part XXVII. Methoxymethylchano- 
dihydrostrychnone and the Constitution of Strychnidone, 


By L. H. Briccs and R. ROBINSON. 


AFTER numerous trials with less suitable oxidising agents, it has been found that per- 
benzoic acid converts methoxymethyldihydroneostrychnine, C,g3H,,0,;N, (Part XVI; 
Achmatowicz, Clemo, Perkin, and Robinson, J., 1932, 767), into a dioxy-derivative, 
Cy3HggO;No, which we designate methoxymethylchanodihydrostrychnone. This substance is 
neutral and hence contains ‘N(a)*CO» and °N(b)-CO-; it is also a ketone, forming an oxime 
and a p-nitrophenylhydrazone. 

These facts are readily illustrated by means of the formule (I) for methoxymethyl- 
dihydroneostrychnine and (II) for methoxymethylchanodihydrostrychnone. The formation 
of a keto-amide in this reaction, in any case, confirms the occurrence of the group 


-C=C-CH-N (b): in the neostrychnine series of bases. 


CH, - GH, CH, GH, 
—cht cH NMe —€H/cCo—NMe 
CQ ACY, /CH2°0Me JA OO~™~ 
N (CH ¢ N CH CH—CH,OMe (I) 


CO CH CH, CO CH CH, 


iw a ee \ A,’ 
CH, 0-CH, H, 


These observations suggested to us that strychnidone obtained by the oxidation of neo- 
strychnidine (III) (Part IV; Clemo, Perkin, and Robinson, J., 1927, 1589; compare 
Part XVI, loc. cit.) might also be a keto-amide (IV), and the most cogent argument against 
this hypothesis has now been removed. We confirm the formation of a monoxime, but the 
disemicarbazone previously described (Part IV, Joc. cit.) should be deleted from the litera- 
ture, as the specimen analysed was preserved and has now been found to be a mixture 
containing hydrazodicarbonamide. In this connexion it is of interest to note that the 
brucine analogue of strychnidone was isolated as an oil which gave a crystalline brucidone 
monosemicarbazone (Part V; Gulland, Perkin, and Robinson, J., 1927, 1627). 


CH, . CoH, CH, C,H, 
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—-~CH CH—N \ fa ety 
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CH, CH CH, ta = od 


Nei, 0-t NG, 0G, 


If strychnidone has the formula (IV), or an analogous one containing ¢<N(b)*CO-*, it should 
be a weak base (as it is) and its metho-salts should not exhibit strychnidine-type reactions. 
Actually strychnidone methosulphate could not be obtained analytically pure, but its acid 
aqueous solution developed no coloration on the addition of ferric chloride or a nitrite. 
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EXPERIMENTAL. 


Methoxymeithylchanodihydrosirychnone.—Methoxymethyldihydroneostrychnine was obtained 
in 73% yield by the sodium amalgam—methyl alcohol method described in Part XVI (loc. cit.). 
The m. p. was raised to 143—144°. In preliminary trials the use of potassium permanganate in 
acetone solution had no satisfactory outcome, but the following experiment should be recorded. 

Methoxymethyldihydromeostrychnine (2-5 g.) was oxidised in dry benzene (160 c.c.) by 
means of Jead tetra-acetate (5-3 g.), and the crude product (0-63 g.) separated from the filtered 
solution. It crystallised from acetone—methyl alcohol and from methyl alcohol—chloroform 
in sandy granules, m. p. 210—243° (decomp.), losing 5-7% at 110° in a high vacuum (Found 
in dried material: C, 70-0; H, 6-8. C,,;H,,0,N, requires C, 69-7; H, 7-1%). It appears that 
this substance is oxymethoxymethyldihydroneosirychnine, The yield was so unfavourable that 
the compound could not be further investigated. Ultimately the smooth oxidation by means 
of perbenzoic acid was adopted. 

Perbenzoic acid (6-3 g.; 2 mols.), prepared according to the method of Levin (J. pr. Chem., 
1930, 127, 81), was dissolved in dry ether (175 c.c.) and added in one portion to a solution of 
methoxymethyldihydroneostrychnine (8-75 g., 1 mol.) in boiling anhydrous ether (300 c.c.). 
Heat was produced and the liquid was cooled. At first some gum was precipitated, but this 
was soon succeeded by an entirely crystalline mass of needles and prisms; the gum also crystal- 
lised on keeping (yield, 92%). The substance was twice crystallised from ethyl acetate—ether 
and twice from acetone-ether, forming needles, m. p. 198—199° after drying (Found in material 
dried at 100° in a vacuum : C, 67-0, 67-2; H, 7-1, 6-9; N, 6-8; MeO, 7-6; MeN, 7-2. C,,;H,,0;Ne 
requires C, 67-0; H, 6-8; N, 6-8; MeO, 7-5; MeN, 7-0%). The substance, crystallised from 
ethyl acetate and air-dried, had m. p. 147—150° even after drying in a vacuum, but, after 
heating to 100° in a vacuum, the m. p. 198—199° was observed, 

Methoxymethylchanodihydrosirychnone is readily soluble in the simple alcohols, benzene or 
chloroform, moderately soluble in ethyl acetate or acetone, and appreciably soluble in water ; 
it is very sparingly soluble in ether and light petroleum. Its aqueous solution is neutral and it 
is not extracted from chloroform or benzene solutions by means of dilute hydrochloric acid. 
It forms no methosulphate or methiodide. With 60% sulphuric acid and a trace of a dichromate 
it gives a red coloration, changing to brown. It gives no coloration with Ehrlich’s reagent and 
has the properties neither of an amine-oxide nor of an ethylene oxide. It does not liberate 
iodine from acidified potassium iodide, nor does it react with sulphurous acid. The substance 
discolours Tollens’s reagent (strychnidone does not) in 5 minutes and a black precipitate is formed 
in the cold in } hour and rapidly on heating. It also reduces Fehling’s solution on boiling 
(strychnidone does not); it is, however, very stable to permanganate under all usual conditions. 

Various attempts to oxidise the substance were made, but no crystalline substances other 
than oxalic acid could be isolated. Dry distillation brought about decomposition and a small 
amount of an indole derivative was obtained. This gave a dull plum-red coloration with 
Ehrlich’s reagent. 

The oxime was obtained by boiling a mixture of methoxymethylchanodihydrostrychnone 
(0-5 g.), methyl alcohol (2 c.c.), hydroxylamine hydrochloride (1 g.), fused sodium acetate 
(1-25 g.), and water (5c.c.); on cooling, the clear liquid deposited a gum which partly crystallised 
(0-38 g. left on porous tile). The crude product was extracted with hot ethyl acetate and the 
residue, which had become much more sparingly soluble, was crystallised from 60% alcohol 
and then from 95% alcohol, forming colourless prisms, m. p. 260—261° (decomp.) (Found : C, 
64:6; H, 6-7; N, 9-7. C,y3H.,O;N, requires C, 64-6; H, 6-8; N, 9-8%). 

The p-nitrophenylhydrazone was prepared from the components in boiling alcoholic solution ; 
on keeping the concentrated solution in the ice-chest, unchanged p-nitrophenylhydrazine 
separated first and subsequently the new derivative crystallised in long, bright yellow prisms 
and needles, m, p. about 194°. After one recrystallisation from alcohol and two from acetone 
the m, p. was raised to 263° with decomposition at 265-5—266° to a red liquid (Found : C, 63-3; 
H, 6-0; N, 12-7. CygH;,0,N, requires C, 63-6; H, 6-0; N, 12-8%). 

An attempt to prepare a semicarbazone led to the isolation of impure hydrazodicarbonamide, 
and a re-examination of the supposed “‘ strychnidone disemicarbazone ”’ showed that it also 
consisted largely of this substance. 

Benzylidene derivative. This substance was obtained by the use of a large excess of benzalde- 
hyde in boiling alcoholic solution containing sodium ethoxide; it could not be crystallised in a 
form recognisable under the microscope, but it separated as a light yellow powder from hot 
solutions in ethyl alcohol and the best specimens decomposed at 248—256° after shrinking at 
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235° (Found in material dried at 100° ina vacuum: C, 73-6; H, 6-3; N, 5-2%). The analysis 
indicates that the anhydro-bis-compound was first formed and that condensation with benzalde- 
hyde occurred subsequently (see below). 

A nhydrobismethoxymethylchanodthydrosirychnone.—Methoxymethylchanodihydrostrychnone 
(5 g.), almost completely dissolved in boiling water (60 c.c.), was very slowly treated with a 
solution of potassium hydroxide (10 g.) in water (40 c.c.); the mixture was then refluxed for 
30 minutes. The precipitated gum was well washed and dried (5-03 g.). This substance 
separated from hot methyl alcohol as an amorphous, colourless powder which decomposed at 
268—273° after shrinking at 257° (loss on drying: 5-1, 4.9%) (Found in anhydrous material : 
C, 68-2; H, 6-5; N, 6-9. C,g.H;,O,N, requires C, 68-5; H, 6-7; N, 6-9%). The substance is 
soluble in hot alcohol or cold acetone; it is very sparingly soluble in ethyl acetate, benzene, 
ether or boiling water. It dissolves in glacial acetic acid or concentrated hydrochloric acid, 
but is precipitated on dilution of the solutions with water. 

In contrast with methoxymethylchanodihydrostrychnone, it is very readily oxidised by 
permanganate and hence appears to contain an unsaturated linkage. An interesting point is 
that on boiling with Ehrlich’s reagent a reddish-purple coloration is gradually produced, indicat- 
ing a breakdown to an aromatic indole with a free «- or B-position. 

The benzylidene derivative of this condensation product was also prepared and its properties 
were identical with those briefly mentioned above. The bright yellow, amorphous powder 
shrank at 235° and decomposed at 251—253° (loss on drying, 3-8, 3-7, 3-5%) (Found in anhydrous 
material: C, 73-3; H, 6-2; N, 5-3; MeO, 6-6; MeN, 5-8. Cg9H,,O,N, requires C, 73-3; H, 
6-3; N, 5-7; MeO, 6-3; MeN, 5-9%). Thus this substance is formed from 2C,,H,,0;N, and 
2C,H,O by the elimination of 3H,O. 

An oxime of the anhydro-bis-compound could not be prepared and all attempts to reduce 
the substance were unsuccessful. 


Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, February 15th, 1934.] 





122. Strychnine and Brucine. Part XXVIII. (A) Methoxymethyl- 
chanodihydrostrychnane. (B) The Constitution of Anhydrotetrahy- 
dromethylstrychnine—K°. 

By (Miss) T. M. REYNoLDs and ROBERT ROBINSON. 


THE promising line of investigation opened up by the discovery of the nearly quantitative 
oxidation of methoxymethyldihydroneostrychnine by means of perbenzoic acid (see pre- 
ceding communication) could be developed in many directions, were it not for the tendency 
of the product to undergo auto-condensation leading to amorphous derivatives. 

We have now found that the ketone can be reduced by Clemmensen’s method to 
methoxymethylchanodihydrostrychnane, and this neutral substance is comparatively stable 
and does not undergo condensation under the influence of hot acid or alkaline solutions. 
Its resistance to powerful hydrolytic agents is significant and is now mentioned in 
relation to the preceding communications, although the investigation is still being actively 
prosecuted. It is now evident that the methoxylation of the }C-NMe(b)}X grouping does 


not occur with formation of a part structure, -C(OMe)-C-C-CH,-NMe, for in this case, 
methoxymethylchanodihydrostrychnone would have a constitution including the groups 
-C(OMe)*CH-CO; CHO-NMe. The related “ strychnane” would also be a substituted 
formamide on this hypothesis and would contain the groups, -C(OMe)-CH-CH, ; CHO-NMe. 
The properties of the substance exclude such a view of its constitution and thus we find a 
confirmation of the current representation of the mode of formation of substances of the 
methoxymethyldihydromeostrychnidine class. We consider that the “ strychnane”’ has 
the formula (I) (with the reservation, regarding the position of attachment of the C,H, 
chain to the indole nucleus, mentioned on p. 582 of a preceding memoir). It should be 
noted that the methoxylating fission is undoubtedly facilitated by the double bond of the 
strychnine and strychnidine bases which are of allylamine type. Conversely, the methoxyl 
group in the products is still under the influence of this double bond in the meo-position 
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(allyl methyl ether structure) as shown by its ready hydrolysis under the influence of hot 
dilute mineral acids in the unsaturated, but not in the saturated, series. Hence, on the 
basis of any structure at present under discussion, there are really only two possibilities 
and one of these is now to be recognised as highly improbable. A number of strychnine 
derivatives have been kindly tested by Dr. H. Roth for methyl attached to carbon by means 
of the Kuhn-—Roth micro-method involving oxidation with chromic acid under drastic 
conditions and estimation of the acetic acid produced. 

Methoxymethylchanodihydrostrychnone in common with other strychnine derivatives 
gave a negative result (hence C,H, is -CH,-CH,- and not ‘CHMe), but methoxymethyl- 
chanodihydrostrychnane furnished a molecule of acetic acid. 

CH, - C,H, 
Peale 


Cu: ‘CO——NMe iy cH 
* 
Zo gang OMe __, d fee Sedng 
) AA YN, 

i ae CH, N CO CO,H N  CO-CH; 

CH, o—tu, 
The asterisked methylene in (I) is produced from the carbonyl group of the “ strychnone ” 
according to our hypothesis and, as this change is the only one that occurs in the reduction, 
we propose the above scheme in order to explain the formation of acetic acid. We have 
not overlooked the possibility that methoxymethylchanodihydrostrychnone may be an 
aldehyde; some of its properties suggest this, and the formation of acetic acid from the 
reduction product would then be readily explicable. This hypothesis is hard to reconcile 
with our views on structure in the strychnine series, but we are continuing experimental 
investigations with the idea in mind. , 

A case in which the formation of a simple substance on oxidation has thrown definite 
light on a structural detail is that of anhydrotetrahydromethylstrychnine-K*. The 
alternative formule proposed for this base (Part XIX; Perkin, Robinson, and Smith, J., 


1932, 1239) contained the group —-C:CMeEt and the group -CH-CMe:CHMe, respectively. 
We have now found that significant amounts of acetaldehyde can be obtained from the 
base on oxidation with acid permanganate. The second type of grouping is thus indicated 
and the ethylenic linkage of strychnine remains in its original position in the course of the 
series of processes resulting in the formation of the base-K°. 

In the reduction of strychnidine methosulphate by means of sodium amalgam, the 
bond probably moves into the neo-position (see Part XXV) and the contrast between the 
strychnine and strychnidine series may be due to the fact that only in the former case is 
the oxide ring opened. 


(I.) 


EXPERIMENTAL. 


Methoxymethylchanodihydrostrychnane.—Amalgamated zinc filings (100 g.) (Clemmensen, 
Ber., 1913, 46, 1837) were added to a solution of methylmethoxystrychnone (10 g.) in cold con- 
centrated hydrochloric acid (150 c.c.), which was gently refluxed for 29 hours, during which 
time further quantities of zinc amalgam (2 portions of 50 g. each) and hydrochloric acid (6 
portions of 25 c.c. each) were added. The hot filtered solution and washings of the zinc with 
15% hydrochloric acid were cooled and extracted four times with chloroform, and the combined 
extracts (approx. 1000 c.c.) washed once with a small volume of water, dried over magnesium 
sulphate, and concentrated to 10—15c.c. On the addition of ether and light petroleum a white 
crystalline solid (3-5 g.), m. p. 149—151° after marked softening at 95—100°, separated. A 
specimen from another preparation shrank and softened at 65—70°, m. p. 152—154°; after one 
recrystallisation from benzene-—light petroleum it softened at 65—70° and melted at 154—156° ; 
after four recrystallisations from the same solvents it had m. p. 160—161° without previous 
softening [Found: C, 69-1; H, 7-5; N, 7-3; MeO, 7-5; MeN, 7-5; M (Rast, cryoscopic in 
camphor), 386. C,;H;,0,N, requires C, 69-4; H, 7-5; N, 7-0; MeO, 7-8; MeN, 7:3%; M, 
398]. Methoxymethylchanodihydrostrychnone behaved similarly; after two recrystallisations 
from ethyl acetate—ether it softened at 142—-145°, began to soften again at 184°, and was com- 
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pletely molten at 189°; after further recrystallisation it had m. p. 188—190° without previous 
softening. ‘This behaviour is considered to be due to admixture of the crude products with 
stereoisomerides. In (I), for example, stereoisomerism may arise from the disposition of the 
group *CH,*OMe with respect to the other substituents in the hexamethylene oxide ring. 

Methoxymethylchanodihydrostrychnane is readily soluble in warm water and the usual organic 
solvents with the exception of ether and light petroleum. It is readily soluble in 15% hydro- 
chloric acid and only slightly soluble in 20% aqueous sodium hydroxide, but it is completely 
extracted from acid solutions by chloroform. The addition of a drop of aqueous potassium 
dichromate to its solution in 60% sulphuric acid gave a reddish-violet coloration, fading rapidly 
to orange. The ferric reaction in dilute hydrochloric acid solution was negative. 

The substance did not appear to form a benzylidene derivative ; it was recovered unchanged 
after being boiled for several minutes with acetic anhydride and pyridine and also after being 
boiled for 15 minutes with 5% ethyl-alcoholic potassium hydroxide or with 20% aqueous 
sodium hydroxide. Oxidation with chromic acid (Dr. Roth) gave one molecular equivalent of 
acetic acid (5-524 mg. gave 0-786 mg. C,H,O,. Formation of 1C,H,O, requires 0-833 mg. 
2-62 Mg. gave 0-366 mg.; required, 0-394 mg.). Strychnine, methylstrychnine, methoxy- 
methyldihydromeostrychnine, methoxymethylchanodihydrostrychnone, kakostrychnine, and 
isodihydrostrychnine gave no acetic acid under the same conditions. It is therefore very 
improbable that strychnine and brucine can contain a -CHMe- group and the —C,H,-~ in the 
proposed structural formula must be interpreted as -CH,—-CH,-. 

Oxidation of Anhydrotetrahydromethylstrychnine-K*.—The base-K® was purified as described 
by Perkin, Robinson, and Smith (J., 1932, 1239) and oxidised with acid permanganate; the 
volatile products were collected and identified in the form of 2: 4-dinitrophenylhydrazones. 
Acetaldehyde was the first product of the reaction and it appeared that formaldehyde was 
formed concurrently but more slowly. As the base was crystallised from alcohol, steps were 
taken to show that the acetaldehyde was not formed from solvent of crystallisation. Strychnine, 
under the same conditions, yielded traces of formaldehyde, but no acetaldehyde. 

(1) The base-K® (0-1 g., m. p. 199—200°) was dissolved in 5% sulphuric acid (50 c.c.), and 
the solution rapidly distilled while aqueous potassium permanganate (75—80 c.c. of 1-5%) was 
added in the course of 5 minutes. The oxidation was so rapid that there was not any excess of 
permanganate in the solution during that time, but the rate of oxidation became markedly 
slower towards the end of the period and the receiver was changed (25—30 c.c. collected). A 
further quantity of the permanganate solution (75 c.c.) was added in the course of an hour and 
the distillate was collected in 3 fractions. 

A solution of 2 : 4-dinitrophenylhydrazine sulphate was prepared by shaking 2 : 4-dinitro- 
phenylhydrazine with cold 2N-sulphuric acid and then filtering. On mixing with an equal 
volume of this reagent, the first distillate gave a yellow crystalline precipitate within a minute; 
no immediate change was observed in the case of the remaining fractions, but a trace of pre- 
cipitate separated over-night. Even when these fractions were combined and distilled, the 
first 25—30 c.c. contained so small a quantity of carbonyl compound that it could not be 
identified. 

The solid 2 : 4-dinitrophenylhydrazone from the first distillate was collected after some hours 
(approx. 20 mg., m. p. 111—113° after softening at 108°) and crystallised thrice from aqueous 
alcohol, (i) m. p. 133—134° after softening at 127°; (ii) m. p. 151—152° after softening at 146°; 
(iii) sarne. Mixed with acetaldehyde-2 : 4-dinitrophenylhydrazone (m. p. 152° after softening 
at 147°), m. p. 151—152°. 

(2) (a) The base-K® (0-1 g.) was dissolved in 5% sulphuric acid (50 c.c.), and the liquid 
distilled (20—25 c.c. collected; iodoform reaction negative); water (25 c.c.) was then added to 
the residue in the flask and the distillation process was twice repeated. The residue was treated 
as in (1) with exactly similar results. 

(b) The base-K* (m; p. 199—200°) was recrystallised twice from benzene-light petroleum. 
The m. p. was unchanged and the product was treated as in (1) with the same results. 

(3) The base-K*® was oxidised as before, but the receiver was changed somewhat later and 
35—40 c.c. were collected as the first fraction. This gave a 2: 4-dinitrophenylhydrazone 
(25—30 mg.), which was recrystallised twice from aqueous alcohol; m. p. 125—127°, unchanged 
by another recrystallisation; mixed with acetaldehyde-2 : 4-dinitrophenylhydrazone, m. p. 
145—147°, mixed with formaldehyde-2 : 4-dinitrophenylhydrazone, m. p. 142—144°, with 
preliminary softening in both cases. A mixture of formaldehyde- and acetaldehyde-2 : 4-dinitro- 
phenylhydrazones (1 : 1) was recrystallised twice from aqueous alcohol and had m. p. and mixed 
m. p. almost identical with those mentioned above. 
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(4) Strychnine (0-1 g.) was oxidised with acid permanganate in the same way. ‘The reaction 
was much slower and only 2—3 mg. of a 2 : 4-dinitrophenylhydrazone were obtained. A larger 
quantity (1 g.) was treated in the same way and the product identified by m. p. and mixed m. p. 
as formaldehyde-2 : 4-dinitrophenylhydrazone. 


The authors are grateful to the Royal Commissioners of the Exhibition of 1851 for a Student- 
ship (Overseas) awarded to one of them. 


Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, February 15th, 1934.]} 





123. Strychnine and Brucine. Part XXIX. N(b)-Methyldihydro- 
chanopseudostrychnine. 


By B. K. Blount and ROBERT ROBINSON. 


In Part XX (J., 1932, 2305) the present authors described N(b)-methylchanopseudo- 
strychnine and noted that it yielded a dibenzylidene derivative. One of these benzylidene 
residues was considered to be in the usual benzylidenestrychnine position, that is, in a 
group :N(a)*CO-C:CHPh; the other was diagnostic of a -CO-CH,- or —CO-C=C-CH,- 
structure. 

We have now obtained N(b)-methyldihydrochanopseudosirychnine by reduction of 
methylchanopseudostrychnine in dilute acetic acid solution by means of hydrogen in the 
presence of platinum-black. This characteristic base furnishes a benzylidene derivative 
and, although there was evidence of further condensation, no crystalline dibenzylidene 
derivative could be isolated. 

The result is not quite conclusive, but it favours the view that the second reactive 
methylene in N(b)-methylchanopseudostrychnine is included in a system *-CO-C—C-CH,-. 
It would, then, follow that N(b)-methylchanopseudostrychnine is a derivative of neo- 
strychnine, the movement of the double link occurring in the course of the hydrolysis of 
des-NO-dimethylpseudostrychninium hydroxide as already suggested. 

In a recent memoir (Ber., 1934, 67, 108) Leuchs and Beyer have described an isomeride 
of benzylidenedihydrostrychnine which is remarkable on account of its failure to exhibit 
the Otto strychnine reaction. It is therefore of interest to recall that the present authors 
(Part XX, loc. cit.) obtained a compound, m. p. 153°, by condensation of des-NO-dimethyl- 
pseudostrychninium hydroxide with benzaldehyde and that this substance, also, exhibited 
no Otto reaction. It is highly probable that the same phenomenon is concerned in both 
cases. Leuchs and Beyer put forward the suggestion that the aromatic nucleus of the 
benzaldehyde is attacked by the carbonyl of ‘N(a)*CO with formation of a hydrindene 
derivative. This type of reaction is, however, very unusual and we suggest as alternative 
explanations (1) that a rearrangement has occurred and that a true aromatic indole 
nucleus has been formed, (2) that ‘N(a)*CO- has become a unit in a pyridone structure, 
or (3) that the benzaldehyde has attacked the #-position in the aromatic nucleus. 


EXPERIMENTAL. 


Catalytic Reduction of N(b)-Methylchanopseudostrychnine.—A solution of the base (2 g.) in 
10% acetic acid (40 c.c.) was shaken with platinum-black (0-2 g.) in an atmosphere of hydrogen, 
which was rapidly absorbed until, after about 2 hours, rather more than 1 mol. had been taken 
up. After shaking for a further 30 minutes the catalyst was filtered off, and the reduced base 
precipitated in a crystalline condition by the addition of aqueous ammonia to the boiling 
filtrate. N-Methyldihydrochanopseudostrychnine crystallises from alcohol, in which it is spar- 
ingly soluble, in large, thin, colourless prisms, m. p. 296—297° (Found: C, 72-2, 72-2; H, 7-1, 
7-5; N, 7-9. Cy,.H,gO,N, requires C, 72-1; H, 7-1; N, 7-7%). 

The same substance was obtained when palladised barium sulphate was used as catalyst, 
but in this case the reduction proceeded considerably more slowly. Whereas the unreduced 
base gives a sparingly soluble and highly crystalline perchlorate, the perchlorate of the reduced 
compound could not be crystallised, and is considerably more soluble. 
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Benzylidene-N (b)-methyldihydrochanopseudostrychnine—The reduced base (0-5 g.), finely 
powdered, was boiled with benzaldehyde (0-75 c.c.) and aqueous potassium hydroxide (2 drops 
of 40%) in alcohol (5 c.c.). It dissolved rapidly, and after 3 minutes the clear solution was 
poured into 0-5N-hydrochloric acid (100 c.c.). The yellow solution was washed with ether 
to remove benzaldehyde, heated to boiling, and neutralised with ammonia. After cooling, 
the amorphous product was collected, and stirred with alcohol; a red gum was extracted and 
the residue crystallised. It was twice crystallised from alcohol, giving the benzylidene derivative 
in rosettes of small, pale yellow needles, m. p. 264—266° (Found: C, 74:2; H, 6-7; N, 6-0. 
CygHy90,N,,H,O requires C, 73-7; H, 6-8; N, 5-9%). Partial dehydration to the extent of 
17% of 1H,O is required in order to bring the analytical figures into exact agreement with theory. 

The substance dissolves in sulphuric acid with a yellow colour, and it gives the blue Otto 
reaction characteristic of benzylidenestrychnine. Longer heating of the reactants favoured 
an increased formation of the red gum at the expense of the crystalline material. 


The authors express their thanks to Dr. M. Guggenheim and Messrs. Hoffmann-La Roche 
of Basle for a gift of pseudostrychnine. They are also grateful to the Royal Commissioners 
of the Exhibition of 1851 for a Studentship awarded to one of them. 


THE Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. 
[Received, February 15th, 1934.] 





124. Ethyl A'-cycloPentenylmalonate. 
By G. A. R. Kon and Z. T. Line. 


THE improved technique which has lately been developed for partly or wholly arresting 
three-carbon tautomerism when an ester of the type -CH°C-CH(CO,Et), is liberated from 
its sodio- or potassio-derivative (Kon and Nanjji, J., 1931, 560; Gidvani, Kon, and Wright, 
J., 1932, 1027) has now been applied to the original examples studied by Hugh and Kon 


(J., 1930, 778), and the results confirm their conclusions. In particular, all attempts to 
prepare the By-form of ethyl «-cyanocyclohexylideneacetate (ethyl «-cyano-A}-cyclohexeny]l- 
acetate; I) have been fruitless; the preparation of ethyl cyclopentenylmalonate (II) 
was, on the other hand, invariably successful. 


CH,°CH CH,"CH CO,Et CH,"CH CO,Et 

CH girs 2 2 — 2 

<CHL-CH? vs CHO be —CH? CH<COEt CH,-CH, se C<CO.Rt 
(I.) (II.) (III.) 


, H,°CH CO,Et CH,°CH, CO,Et 
IV. oo Tec CMe< ot CH,<Che C-CR v. 
it HOM e<colrt *<cH-co?  R<con: = 

Hugh and Kon were unable to estimate the amount of pure ®y-form (II) in the ester 
prepared by them, and in the absence of direct evidence we have endeavoured to answer 
the question indirectly. 

The molecular refractions of the purest By-ester available, its «8-isomeride (III), its 
a-methyl derivative (IV), and the corresponding cyclohexane derivatives (V) have been 
determined by means of a Bellingham and Stanley critical angle refractometer; the new 
values are regarded as more accurate than those previously found. 

Calc. from Eijkmann’s 
[Rr]»- value for ethyl malonate. A. 
58°57 58°11 4 
62°93 62°73 "2 
63°39 “ 6 
63°13 - “4 
67°47 67°35 
59°70 58°11 1°59 0° 1 

The exaltation of the molecular refraction of ethyl cyclopentenylmalonate (II) over 
that of its methyl derivative (IV, necessarily the By-compound) is only 0-26, compared 
with 1-39 for the pure «$-ester (III) (the increment of 0-20 over the calculated value, 
found in the «-methyl ester, being deducted) ; it is assumed that the value for CH, is 4-62. 
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The exaltation is practically within the limits of experimental error, but the maximum 
«8-content deduced from it is about 18%. The difference between the molecular re- 
fraction of the esters (IV) and (V, R = Me) is 4-54; if the same difference exists between 
(II) and (IV), the exaltation of (II) is even less. 

Kon and Nanji’s modified iodometric technique was applied to these esiers and the 
results are in the last column of the table. The best specimen of the ester (II) had an 
addition of 57-5%, and the «$-form had no measurable addition. It can be concluded 
that the minimum #y-content of (II) is 57-5%%, but the actual figure must be very much 
higher, because esters of this class react but sluggishly and incompletely with iodine 
chloride. For instance, the pure ®y-esters (IV) and (V, R = Me), which were examined 
in the hope of instituting a comparison, both have much lower additions of the order of 43%. 

Ethyl cyclohexenylmalonate should also be a pure fy-ester, as it was prepared from 
the pure acid (compare Hugh and Kon, Joc. cit.) through the silver salt. It shows an exalt- 
ation higher that that of the ester (II), but a second specimen (b), prepared by direct 
esterification of the acid with cold alcoholic hydrogen chloride, has a somewhat lower 
exaltation and a correspondingly higher iodine addition. This suggests that the specimen 
a cannot be the pure #y-ester, in spite of the precautions taken in its preparation, and is 
therefore valueless as a standard of comparison with the ester (II). Judged from the 
optical data, the By-content of the specimen b should be of the same order as that of ethyl 
cyclopentenylmalonate and we have not succeeded in raising it by regenerating the ester 
from its potassio-derivative ; the low iodine addition of both specimens is certainly remark- 
able and is ‘in agreement with our previous observations. 

A comparison of the cyclohexenyl ester with the ester (II) is particularly desirable, 
as it would help to eliminate the additional uncertainty due to the value for the CH, group; 
failing this, it appears hazardous to give an estimate of the By-content of the ester (II). 
From the optical data an approximate figure of 80% or more can be suggested, and this is 
consistent with the estimate based on iodine addition, since the addition of the pure ester 
would probably not exceed 70% ; at the same time it is clear that the By-content of a given 
sample of (II) depends entirely on the conditions under which it is prepared and, not being 
an equilibrium value, would be subject to fluctuations, such as have actually been observed. 

The value quoted by Baker and Bennett (Aun. Reports, 1931, 28, 110), namely, 30— 
50% By, is based on a misunderstanding ; this figure was given by Hugh and Kon (oc. cit.), 
not for the By-content, but for the yield of the relevant fraction of the ester. 

It has again been noticed that the ester prepared by the esterification of pure cyclo- 
pentylidenemalonic acid with cold alcoholic hydrogen chloride is mainly the By-ester ; 
its By-content is much higher than that of the ester produced by the acidification of the 
potassio-derivative without special precautions (“ equilibrium” ester). An attempt to 
obtain the pure By-ester by subjecting a mixture to reduction with aluminium amalgam, 
in the hope of converting the «f-ester present into a bimolecular product, was unsuccessful. 

The following observations may be made with regard to the regeneration of esters of 
this type from their metallic derivatives. The formation of the latter must be regarded 
as an ionic process, because an atom of hydrogen is removed from the molecule and replaced 
by an atom of the metal. As in other similar cases, the anionic charge is presumably 
localised on oxygen and on acidification the enol should be produced. When hydrogen 
is reintroduced by the addition of water and acid, that is, under conditions favouring 
ionisation, the charge may be redistributed within the anion, and combination will then 
occur at the «-carbon atom, giving the ®y-form of the ester, and at the y-carbon atom, 
producing the «f-ester; the actual product formed will depend on the structure of the ester : 

O 


- ¢ 
a Gy } ee al X  fy-Keto-ion 


_-_-CO,Et 
CH, OC” 


or at Qalboos 
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- O 
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>C-CH< > 
“CH “CH X_ af-Keto-ion 
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If the enolate is treated with a non-ionised polar molecule, such as an alkyl iodide, 
the redistribution of the charge proceeds as far as the a-carbon atom and the a-alkyl 
derivative is formed (it is immaterial from our point of view whether or not a small amount 
of the metallic derivative is present in the form of the C-compound in equilibrium with 
the O-form, and this then gives rise to the C-alkyl ester; the same arguments apply). 
In this reaction, the activation is not sufficient to bring about the redistribution of the 
charge in the three-carbon system, since no authenticated cases of y-alkylation are known. 
In short, the ester behaves just like an ordinary monosubstituted malonic or cyanoacetic 
ester. 

Finally, the action of a weak organic acid in a neutral solvent occupies an intermediate 
position; the activation may or may not be sufficient to bring about a redistribution of 
the anionic charge beyond the a-carbon atom. In comparatively inert compounds, such 
as the malonates considered in the present paper, the recombination takes place largely, 
if not entirely, in the «-position and the #y-ester is formed. In the more mobile cyano- 
acetates, the activation is sufficient to bring about redistribution and the af-ester is formed 
if this happens to be the more stable form (e.g., ethyl «-cyanocyclohexylideneacetate) ; or 
a mixture is produced. 

For this reason tautomerism, even in such compounds as those now discussed, is best 
considered as three-carbon, and not pentad keto-enol tautomerism as suggested by Shoppee 
(J., 1928, 2568; compare Ingold and Rothstein, J., 1929, 9). It is true that the system 
functions as a pentad at times—for instance, when an «$-unsaturated cyano-ester passes 
into the sodio-derivative of the ®y-form and is then regenerated from it on acidification : 


a tN = a . 
cH C<Cco,Et —> cHPCC<cc 0. tna > cH CC<co,kt 


The keto-enol system can, however, function independently of the three-carbon system, 
as in alkylation. In some cases enols or aci-forms are actually produced, as in some nitro- 
compounds (Fraser and Kon, this vol., p. 604) and rapidly revert to the original nitro- 
compound without any rearrangement of the electronic skeleton of the three-carbon 
system. At the opposite end of the scale may be placed pairs of «8—@y-isomerides, such 
as the diphenylpropenes (Ingold and Shoppee, J., 1925, 127, 447), which are incapable 
of enolisation but nevertheless exhibit tautomerism; a large number of esters, nitriles, 
and ketones occupy an intermediate position. 

Enolisation or, in other words, the capacity of the system as a whole to function as a 
pentad is thus not essential to tautomerism, although it frequently facilitates it. 


EXPERIMENTAL. 


Ethyl cycloPentenylmalonate (II).—cycloPentylidenemalonic acid (Kon and Speight, J., 
1926, 2727) was kept with 5 vols. of (a) 2N- and (b) 0-7N-alcoholic hydrogen chloride at room 
temperature for a week, and the ester then isolated as usual. (a) gave an ester boiling mainly 
at 150°/17 mm., di§™ 1-0549, mp 1-4606,* iodine addition under Kon and Nanji’s conditions 
(loc. cit.) 41-5, with a higher fraction of mp 1-4641,* J 34-7. (b) gave an ester, b. p. 136°/10 
mm., di3* 1-0570, mp 1-46140, [Rz]p 58-75, J 44-9. 

Regeneration from the potassio-derivative. 5-5 G. of potassium were dissolved in 42 c.c. of 
ethyl alcohol dried over metallic calcium, and the excess of alcohol was evaporated under 
reduced pressure at 100°. The residue was shaken with dry ether, and the evaporation repeated. 
The potassium ethoxide was covered with 200—300 c.c. of dry petroleum (b. p. 40—60°) and 
treated with 31-4 g. of the above ester, the separation of the potassio-derivative being facilitated 
by cooling in a freezing mixture and shaking, care being taken to exclude access of moisture 
throughout the operation. After an hour, the petroleum solution was decanted and the solid 
was washed three times with petroleum by decantation, until the washings were colourless. 
The solid was then covered with 250 c.c. of petroleum, cooled, and gradually treated with 17 g. 
of carefully dried benzoic acid in dry ether with shaking. After an hour, the solid, consisting 
of potassium benzoate and benzoic acid, was filtered off and the petroleum solution was washed 
with very dilute aqueous sodium carbonate and with water, dried, and evaporated. The 


* Rough values determined with a Pulfrich refractometer. 
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residue gave on distillation 9-2 g. of ester, b. p. 140°/15 mm., d?” 1-05785, mp 1-46030, [Rz)p 
58-57, and J 57-3%. The petroleum washings obtained above were treated with dilute hydro- 
chloric acid; the “‘ equilibrium ’”’ ester recovered had b. p. 144°/14-5 mm., d* 1-05578, np 
1-46257, [Rz]p 58-95, J 35-7%. 

Reduction. 8 G. of the purest By-ester were treated with 8 g. of amalgamated aluminium 
foil (Harries and Eschenbach, Ber., 1896, 29, 380) covered with moist ether. When the reaction 
slackened after some 3 hours, a little water was added; finally, the ester was recovered; its 
iodine addition was 44%, and its refractive index had increased. When the “ equilibrium ” 
ester was treated in the same way, its iodine addition rose, but only very slightly. Treatment 
with aluminium amalgam evidently causes a conversion of the By- into the «$-form in esters 
rich in By-. 

Ethyl cycloPentylidenemalonate (III).—This was prepared by the esterification of the pure 
acid through the silver salt as described by Kon and Watson (J., 1932, 1) and had b. p. 138— 
141°/10 mm., d}37 1-06728, mp 1-47540, [R;]p 59-70, J 0-05%. 

Ethyl a-Methylcyclopentenylmalonate (I1V).—Similarly prepared from the pure acid, this 
had b. p. 146°/11 mm., d}* 1-04505, np 1-45993, [R7z]) 62-93, J 43-3%. 

Ethyl cycloHexenylmalonate (V, R = H).—The ester prepared by the esterification of the 
acid through the silver salt had b. p. 150°/14 mm., dif* 1-05454, np 1-46875, [Rz]p 63-39, J 
23-59%. The specimen prepared by esterification with cold 2-2N-alcoholic hydrogen chloride 
as described on p. 598 had b. p. 154°/16 mm., di?" 1-05072, mp 1-46453, [Pz], 63-13, J 32-0%. 

Regeneration. This was carried out exactly as described on p. 598, except that the liberation 
of the “ equilibrium ’’ ester was carried out with benzoic acid. The potassio-derivative separated 
as a colourless solid, which could be filtered off; the ester obtained from it did not differ ap- 
preciably from the initial material in iodine addition and had dii* 1-0516, np 1-4650, [Rz]p 
63-13, whilst the specimen regenerated from the petroleum washings had [Rz]p 62-91. It is 
estimated that only one-third of the total potassio-derivative separates in the solid form. 

Ethyl a-Methylcyclohexenylmalonate (V, R = Me).—The ester prepared through the silver 
salt had b. p. 155-5°/16 mm., dif* ‘1-04827, np 1-46852, [Rz]p 67-47, J 42-7%. 


The authors wish to thank the Royal Society for a grant. 
IMPERIAL COLLEGE, LONDON, S.W. 7. [Received, February 1st, 1934.} 





125. Investigations of the Olefinic Acids. Part XII. B-Phenylhexenoic 
and B-Methylpentenoic Acids. 


By G. A. R. Kon, R. P. LINSTEAD, and J. M. WRIGHT. 


THE experiments to be described were undertaken primarily in order to study the relation- 
ship between configurational and tautomeric changes in simple olefinic acids. Some 
dibasic acids have already been examined by Linstead and Mann (J., 1931, 726), who 
suggested that configurational changes in the stereoisomeric «$-acids probably proceed 
by way of a tautomeric change, through the intermediate production of the A*-acid. 

Stereoisomeric $-alkylcinnamic acids have been prepared by Stoermer, Grimm, and 
Laage (Ber., 1917, 50, 966), and the two forms of 8-methyl-8-propylacrylic acid by Kon, 
Leton, Linstead, and Parsons (J., 1931, 1411); no A’-unsaturated acid has yet been ob- 
tained in two forms. The tautomerism of the $-alkylcinnamic acids was first examined 
by Johnson and Kon (J., 1926, 2750), but owing to the inadequate technique then available, 
their results require correction in a number of respects. The errors are principally due 
to the method of separation of A*- and A*-acids by means of their basic copper salts (Stoer- 
mer, Grimm, and Laage, Joc. cit.), which is now found to be inadequate. 

Pure $-phenyl-A®-hexenoic acid has now been prepared by the method of partial 
esterification, in addition to the two pure A*-acids already known. Mixtures of these 
acids can be analysed by a bromometric method which estimates the Af-acid present, and an 
approximate separation of the two A*-acids can be effected through their basic copper salts. 

The acids were very slowly isomerised by boiling alkali and the mobility could be 
determined only approximately [(k, + %) x 10 = 0-05—0-1]; the equilibrium point is 
32% of A*-acid. This corresponds closely to the values already determined for 6-methyl- 
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and §-propyl-hexenoic acids, namely, 33 and 34% respectively (Kon, Leton, Linstead, 
and Parsons, Joc. cit.; Kon and May, J., 1927, 1549); the phenyl group in the 8-position 
thus has the same effect as an alkyl group on the position of equilibrium. The equilibrium 
mixtures obtained starting with any one acid (cis-A*-, trans-A*-, and A®-) appear to contain 
all three acids, but the cis-irans interconversion is far from complete and is evidently an 
extremely slow process; for this reason it was impossible to determine the nature of the 
equilibrium, if any, attained between the stereoisomeric A*-acids. 

The $-methylpentenoic acids are relatively mobile, but their stereochemistry is more 
complicated. The products of dehydration of 6-hydroxy-f$-methylvaleric acid and of its 
ester have now been found to consist of four different unsaturated acids. Two of these 
are stereoisomeric forms of $-methyl-A*-pentenoic acid ($-methyl-f8-ethylacrylic acid), 
the well-known solid acid of m. p. 48—49° (lit. 45°) (¢vans) and a new cis-isomeride, m. p. 
12°. The other two are the stereoisomeric A’-acids melting at 1° and 35°. The existence 
of a second A*-acid has long been suspected (compare Kandiah and Linstead, J., 1929, 
2139); it has now been isolated from the liquid by-product which accompanies the acid, 
m. p. 45°, when it is obtained by the dehydration of 8-hydroxy-$-methylvaleric acid with 
acetic anhydride. It has the same general properties as the known A*-acid and yields 
the same derivatives (compare Newbery, J., 1925, 127, 295; Kandiah and Linstead, Joc. 
cit.), but its melting point is depressed by admixture of the latter. 

The A-acid of m. p. 1°, provisionally called the cis, was obtained by the equilibration 
of either of the A*-acids with alkali. The A*-acid obtained by the dehydration of ethyl 
6-hydroxy-f-methylvalerate by the customary methods (compare Kon and Nargund, J., 
1932, 2461) was, however, a mixture containing the second Aé-acid, m. p. 35°. When 
this mixture was boiled with alkali, a product was obtained which had a higher iodine 
addition than that formed from either of the A*-acids or the Af-acid, m. p. 1°. The acid, 
m. p. 35°, itself has a high affinity for iodine and this combination of facts suggested that 
it might be the A’-isomeride. Oxidation with ozone yielded products which definitely 
establish the By-position of the double bond and it is not clear why the acid does not appear 
to participate in the tautomeric interchange in presence of alkali. 

Both A*-acids give on equilibration a mixture containing 62-5% of the A*-acid, m. p. 
1°; the mobility is 0-69. Interconversion of the stereoisomeric acids takes place at the 
same time and even more rapidly than the tautomeric change, and must therefore be 
supposed to occur, to some extent at least, independently of the latter. The proportion 
of the two A*-acids in these mixtures can be estimated with some accuracy (p. 603) and it 
appears that approximately equal amounts are present at equilibrium. 

It has been suggested that the movement of the double bond in §@-alkylolefinic acids 
under the influence of sulphuric acid is more rapid than their conversion into lactones. 
The 8-methylpentenoic acids provide definite evidence in support of this statement. Both 
the stereoisomeric A*-acids and the A*-acid are converted into $-methyl-y-valerolactone 
(Fichter and Gisiger, Ber., 1909, 42, 4707) at the same rate in cold sulphuric acid. More- 
over, the A*-acid can be isolated from the product of the incomplete lactonisation of the 
Af-acid, showing that tautomeric change between the acids does occur before it is finally 
masked by the irreversible conversion into lactone. All the four possible types of un- 
saturated acid-lactone systems (Linstead, J., 1932, 115) have thus been experimentally 
realised. 

Some #-hydroxy-$-methylvaleric acid was formed as a by-product in these experi- 
ments. It could not have been an effective intermediate in the change, because, although 
it is partly converted into $-methyl-y-valerolactone and the unsaturated acids under 
the same experimental conditions, the formation of the lactone from it is much slower 
than from the unsaturated acids. The hydroxy-acid could, however, be formed by the 
hydrolysis of an intermediate of the type postulated by Linstead and Noble (this vol., 
p. 611). 

EXPERIMENTAL. 


cis- and trans-8-Phenyl-A*-hexenoic Acids.—These were obtained as described by Stoermer, 
Grimm, and Laage (loc. cit.) and by Johnson and Kon (loc. cit.). The separation by the basic 
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copper salt method required several repetitions before pure products could be obtained and 
only gives approximate results; the cis-acid is more readily purified than the trvans-, but no 
separation of the cis- from the A®-acid is possible by this method. 

6-Phenyl-A8-hexenoic Acid.—The crude ester, prepared as described by Johnson and Kon 
(loc. cit.), was hydrolysed by keeping it with a slight excess of 10% aqueous potassium hydroxide 
and enough alcohol to give a homogeneous solution, for 4 days at room temperature. The 
acid was isolated, and partly esterified for 5 hours under the conditions of Kon and Thakur (J., 
1930, 2220). The ester obtained (46% yield) had b. p. 146—150°/15 mm.; the unesterified 
acid gave a 14% yield of trans-A*-acid on freezing. The mother-liquor from this was again 
partly esterified for 4 hours, more crude Af-ester being obtained; the recovered acid gave a 
fresh crop of A*-acid on freezing. The liquid acid was again esterified for 24 hours to remove 
the last trace of the A®-acid, the solid recovered being a mixture of the cis- and trans-A*-acids. 

The ester obtained above was hydrolysed in the cold, and the acid (M, 196-9) freed from 
non-acidic impurities by repeated extraction of its solution in 10% aqueous sodium bicarbonate 
with ether and reprecipitation. The purified acid (M, 191-1; calc., 190-1) was partly esterified 
for 2 hours; the small amount of ester formed was re-hydrolysed as above to an acid which had 
practically the same bromine addition (see below) as the unesterified portion. The latter was 
therefore partly esterified for 24 hours, giving a 55% yield of the pure Af-ester, b. p. 153—155° /22 
mm., di°” 1-0047, mp 1-5157, [Rz]p 65°55. The acid obtained from it on hydrolysis had, after 
purification through sodium bicarbonate, b. p. 154—156°/3 mm., d? 1-0598, np 1-5436, [Rz]p 
56-57, and J 87:7% (Found: M, 190-1); it did not solidify at — 60°. The unesterified portion 
had J 85:3%. 

Analysis of Mixtures——The A®-acid reacts very slowly with iodine in potassium iodide 
(Linstead and May, J., 1927, 2565); with bromine in potassium bromide solution, both it and 
the two A*-acids react to a considerable extent. The use of bromine in chloroform solution 
(N /20) gave suitable differences in reaction velocity with M /60-solutions of the acids in the same 
solvent. The largest differences were observed with a reaction period of 5 minutes; all the 
experiments were conducted as nearly as possible at 20° with fresh solutions of the halogen. 
The tvans-A*-acid had a higher addition than the cis- (28 and 20% respectively); only the 
former was employed in the construction of the reference curve from the following values : 


Mixture, % B® coc csccosscescsess 0 10 20 40 60 80 90 100 
Dp. Ateshiebennenscsossenibesnenen 88:1 886? 80°6 68-0 52°3 39°1 34:0 26°0 


Numerous experiments were made to devise an analytical method for the estimation of all 
three acids in mixtures. Bougault’s method (Compt. rend., 1904, 139, 864; compare Linstead 
and May, Joc. cit.) could not be successfully applied. Partial esterification removed the A8- 
acid, the amount of which could be determined bromometrically as above, only if the treat- 
ment was repeated, and neither of the A*-acids was appreciably esterified in 16 hours. Two 
alternative methods were then tried on two mixtures containing known amounts of the three 
acids : partial esterification for two periods of 16 hours, followed by a separation of the remaining 
A*-acids by the copper salt method, and the reverse procedure, whereby a mixture of cis-A?- 
and A®-acid was obtained and subjected to partial esterification. Neither method gave more 
than an approximate separation. 

Equilibrations.—The three acids were equilibrated under Linstead’s standard conditions 
(J., 1927, 2579) for 1, 2, and 6 hours, but no measurable change was observed. A sample of 
the Af-acid equilibrated for 48 hours at the b. p. (copper flask) showed 10% change. This 
was confirmed by isolating the At-acid formed by the copper salt method (Found: 11-5%). 
The equilibrium point was determined by equilibrating mixtures of A®- and trans-A*-acid : 


No. Mixture. Time (hours). J. % A*-Acid. M (by titration). 
1 50% A*-Acid ......... 48 at b. p. 66-2 42°5 192°5 

2 Product of I............ ii 70°4 37°0 193°5 

3 Product of 2............ fe 74:3 32°0 — 

4 75% A*-Acid ......... 398 at b. p. 76°5 29°0 192°5 

5 25% At-Acid ......... 48 at b. p. 74:3 32°0 1940 


Configurational Change.—(i) 10 G. of the A®-acid were equilibrated for 217 hours with 25% 
potassium hydroxide solution at 100°, giving 7-7 g. of acid containing 10% of A*-acid. After 
two partial esterifications (24 and 16 hours) 1-5 g. of acid remained unesterified; this partly 
solidified in ice and, after being washed with petroleum and pressed on a tile, the solid had 
m. p. 91—95°, thus consisting of almost pure tvans-A*-acid. (ii) The trans-A*-acid was equili- 
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brated for 72 hours at the b. p., and the recovered solid acid pressed on a tile and subjected 
to separation by the copper salt method. Practically pure ‘vans-A*-acid was recovered from 
the soluble portion of the salt; a small amount of insoluble fraction gave an acid also consisting 
mainly of the trans-acid, but evidently containing a little cis-acid. (iii) An experiment with 
the cis-A*-acid showed that the A’-acid was produced from it at a rate comparable with the 
equilibration of the ‘vans-isomeride; the formation of the ¢vans-acid from it was not directly 
established owing to the slowness of the reaction. 

cis- and trans-B-Methyl-A*-pentenoic Acids.—The A*-acid was prepared as described by 
Kon and Linstead (J., 1925, 127, 616). The liquid portion of the product (83 g. from 140 g. 
of hydroxy-acid) was freed from A*-acid and acetic acid by partial esterification for 12 hours; 
crystals of the tvans-acid which separated when the unesterified portion (56 g.) was kept were 
filtered off; a further crop was obtained by cooling the mother-liquor to 0° (total yield, 21-5 
g.), m. p. 48—49° after crystallisation from petroleum (b. p. 40—60°), M, 114-2 (calc., 114-1), and 
J 1-6 in 1 hour by the standard method of Linstead and May (loc. cit.). The acid chloride had 
b. p. 85—86°/20 mm., and the amide, m. p. 94—94-5° (compare Kon and Linstead, /oc. cit.). 

The mother-liquor from the ivans-acid was freed from neutral impurities by solution in 
10% aqueous sodium bicarbonate and repeated extraction with ether. The recovered acid was 
distilled to remove a high fraction (probably hydroxy-acid); the fraction (23 g.), b. p. 88— 
92°/3 mm., solidified completely in a freezing mixture. It was allowed to liquefy to some 
extent and submitted to filtration, but only a little solid was collected. The liquid had f. p. 
4-25° and J 2-0 and therefore did not contain any A*-acid; the f. p. was first depressed and then 
elevated by progressive additions of the trans-A*t-acid. The liquid was dried in ethereal solution 
and redistilled ; a specimen, f. p. 5-6°, was then obtained which was shown to be approximately 
homogeneous by filtering the partly solidified specimen and determining the f. p. of the solid 
and the liquid portion (5-55° and 5-4° respectively). A second preparation gave a specimen, 
which is regarded as the pure cis-acid, b. p. 96°/5 mm., f. p. 11-6°, m. p. 12°, d?” 0-9830, np 
1-4650, [Rz]p 32-08 (calc., 31-10), J 2-6 (Found: C, 62-9; H, 8-9; M, by titration, 114-4. 
CoH 0, requires C, 63-1; H, 8-9%; M, 114-1). 

cis- and trans-B- -Methyl-MB-pentenoic Acids.—The crude AP-ester (Kon and Nargund, J., 1932, 
2461) was hydrolysed as described on p. 601, and the product subjected to partial esterification 
for 5 hours. The ester obtained in 42% yield had d?” 0-9060, np 1-4273, [Rz]p 40-32 (calc., 
40-33), J 81-4 in 1 hour. The acid obtained on hydrolysis was freed from neutral impurities 
by means of sodium bicarbonate and had J 45-5 in 10 minutes. It was again esterified for 3 
hours; the ester obtained together with a good deal of unesterified acid was similar to the above, 
J 82-2, and gave an acid with J 47-5. The remainder of the acid was esterified for 8 hours ; 
the acid obtained from this ester had d?” 0-9733, mp 1-4439, [Rz]p 31-14 (calc., 31-10), M 114-0, 
and J 47-3; another sample of very similar properties was also obtained, m. p. 9—11°, J 76-8 
in 1 hour. The acid chloride had b. p. 55°/20 mm., and the p-toluidide, m. p. 85°. 

Separation of cis- and trans-A cids.—Certain equilibrations (see below) of the Af-acid obtained 
as above gave equilibrium mixtures with higher iodine additions than those derived from the 
A*-acid; this suggested the presence of an impurity of high iodine addition, which was at first 
thought to be the A’-acid (compare Goldberg and Linstead, J., 1928, 2343). For this reason 
a pure specimen of the Af-acid was prepared by the partial esterification of a mixture derived 
from the equilibration of 40 g. of trans-A*-acid for 3 days. The ester on hydrolysis gave an acid, 
b. p. 90—94°/7 mm., m. p. 1°, d?” 0-9762, n, 1-4430, [Rz]p 30-98, M 115-1, and J 76-2 in 1 
hour; this is assumed to be the pure cis-form of the A®-acid. 

The stereoisomeric acid was isolated by a similar process from the Af-acid obtained as de- 
scribed above. This was first equilibrated on the assumption that the A®-acid in it would 
be partly converted into the At-; on partial esterification a product rich in the supposed A’- 
acid would result. After several equilibrations, followed by partial esterification, an acid 
with the high iodine addition of 85-4 was isolated; it had b. p. 95°/11 mm., d? 0-9755, np 
1-4438, and melted at about 25°; after two crystallisations from petroleum (b. p. 40—60°) 
it attained the constant m. p. 35°, J 87-7 (Found: C, 63-2; H, 8-8; M, 114-4. C,H,,O, re- 
quires C, 63-2; H,8-9%; M, 114-1). The trans ( ?)-A8-acid appears to be more rapidly esterified 
than its stereoisomeride and accumulates in the first portions of the ester formed in partial 
esterification. The ester obtained from it, b. p. 63°/13 mm., was ozonised in chloroform solu- 
tion, and the ozonide freed from solvent and decomposed with water. The solution contained 
much acetaldehyde, which was identified by means of dimethyldihydroresorcinol, together 
with an oil giving an intense colour with ferric chloride, from which no crystalline derivatives 
could be obtained. 
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Analysis of Mixtures.—The percentage of A8-acid contained in mixtures was determined by 
the iodometric method of Linstead and May (loc. cit.), with the aid of a reference curve con- 
structed from the following values : 


Mixture, % A® 10 20 40 60 80 90 100 
J, % in 1 hour 73°1 67°6 55°5 40°6 23°0 131 3°3 
The A®-acid used for the above curve was a mixture of cis- and tvans-forms. Owing to the 
lower addition of the pure cis-acid (76-0), which appears to be the only form produced on equili- 
bration of the A*-acid, a slight correction has to be applied to the above figures. 

Mixtures of the two A*-acids could be analysed with the aid of a freezing-point curve con- 
structed from the following values : 
Mixture, % cis 0 192 32°55 43:9 50°6 504 63:1 67:2 72:1 8774 914 95°5 100 
F. p. (average 

of several) 45°0° 38°4° 33°9° 29°3° 26°4° 26°0° 20°6° 16°9° 13°8° 7°4° 7:0° 82° 11°4° 

Two synthetic mixtures, A and B, of the three acids were completely analysed. The % of 
Af-acid was first determined iodometrically; they were then partly esterified for 12 hours. 
The combined esters (yield, 20%; calc., 32%) had J 50-2. This shows that some A*-acid had 
been esterified, but as both the cis- and the trans-A*-acid are esterified at comparable rates, 
this is immaterial. The unesterified portion had the following properties : 


Mixture. Yield. : % At-. M. F. p. observed. % cis. 
A 34 10°2 93-0 115"1 242°, 23°6°, 55°5 
24°2°, 24°3° 
B 53 51 98°0 114°8 =19°3°, 20°0°, 64:0 
20°05°, 19°9° 
Hence for the original mixtures : 


A. Found. Actual. B. Found. Actual. 
50-0 50°4 18°5 18°2 
27°7 25°0 52°7 55°1 
trans-A*- 22°3 24°6 29°8 26°7 


Evidently for mixtures containing over 20% of A®-acid two successive partial esterifications 
are necessary; this procedure was adopted as standard. 

Equilibrations.—Linstead’s standard method (Joc. cit.) was used. Several methods of 
working up the products were tried, the purity of the acid being checked by titration; it was 
not found necessary to distil the equilibrated acid in steam (compare Goldberg and Linstead, 
loc. cit.), but it was freed from neutral impurities by means of sodium bicarbonate and distilled 
under reduced pressure. Of the numerous experiments performed, the following may be 
recorded : 


Initial Time % A2- Initial Time % At- Initial Time % A*- 
material. (hours). . Acid. material. (hours). J. Acid. material. (hours). J. Acid. 
trans-A*- 5 ‘4 63:0 trans-A*- 24 51-4 46:0 crs-A%- 5 37°71 64:0 

10 4 56:5 545 41°5 - 10 4173 59-0 
- ‘0 49°5 55°9  39°5 be 24 55°22 =40°5 
- 9 53°5 j 52°4 44-4 i és 57:0 38:0 
24 5 51°5 53°5 43°2 cis-AB- 48 60°4 32-0 
58°0 36°5 
Numerous experiments were also carried out with the A®-acid before it was realised that it was 
a mixture; final values varying from 20-5 to 35-5% A*-acid were obtained. The final equili- 
brium was ascertained at the b. p. of the solution and checked by equilibrating mixtures of 
As- and Af-acids; from these experiments an average value of 37-5% A*-acid was deduced. 
Configurational Change.—The equilibrium mixtures derived from each of the three acids 
were twice subjected to partial esterification, and the recovered At-acids analysed as described 
above. 


Initial material. Time (hours). J. % At-. F.p. (average). % cis. 
trans-A*- 0 27°1° 49 
9 27°7 48 
9 21-0 62 
6 21°75 61 
6 24°5 55 
3 22°5 62 


4 
4: 
2- 
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Owing to the scarcity of material the existence of an equilibrium between the two forms 
of the A®-acid could not be ascertained. 

Lactonisation.—The acids used were the pure trans-A*-acid and two samples of the cis- 
A*-acid, m. p. 9—9-5° and 4—7° respectively. The A®-acid in Expt. 3 was the pure cis-form 
prepared from the A*-acid by equilibration. 

4 G. samples of the acids were treated with 60 c.c. of cold 60% sulphuric acid, the mixture 
being worked up and analysed as described by Linstead (J., 1932, 115). 


Initial Time Initial Time 
No. material. (hours). % Acid. % Lactone. No. material. (hours). % Acid. % Lactone. 
> 


1 A8-Acid 24 29°6 71°6 4 trans-A*-Acid 24 29°3 74:2 
2 wo 48 12-4 91°5 5 ~ 48 12-7 92°3 
3 o 96 16°6 83°4 6  cis-A*-Acid 24 54°8 44°3 
4 48 32-0 68°5 
Another specimen of the ‘vans-A*-acid gave values in close agreement with those for the cis- 
At-acid. The acids recovered from the above experiments were almost pure A*-acids (92— 
95-5%). The same lactone was obtained in every case, b. p. 75°/3 mm., d?* 1-0163, mp 1-4352, 
[Rz]p 29-31. There was also a higher-boiling fraction; it was carefully freed from traces of 
lactone and redistilled, b. p. 138°/14 mm.; it evidently consisted of B-hydroxy-f-methylvaleric 
acid (Found: M, 133-3. Calc.: M, 132-1). 

Lactonisation of 8-Hydroxy-B-methylvaleric Acid.—The pure hydroxy-acid was obtained 
by the hydrolysis of the ester formed from ethyl bromoacetate, methyl ethyl ketone, and zinc; 
after two distillations it had b. p. 137—138°/13 mm., di?” 1-0793, mp 1-4475, [Rz]p 32-74. It 
was treated with 60% sulphuric acid as above : 


Time (hours). °, Unsaturated acid. °%% Hydroxy-acid. % Lactone. 
24 32°5 49°9 25°6 
48 24°9 30°4 44°7 
It is therefore clear that the hydroxy-acid is converted into the lactone much more slowly than 
the unsaturated acids. 
The authors wish to thank the Royal Society and the Chemical Society for grants. 
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126. The Effect of the Nitro-group in Three-carbon Tautomerism. 
By H. B. FRASER and G. A. R. Kon. 


As tautomerism in a three-carbon system is favoured by the presence of a negative group 
on one of the terminal carbon atoms, the effect of the nitro-group in nitro-olefins and 
nitro-esters on this property has been examined. 

The nitro-hydrocarbons were prepared from nitromethane or a homologue and cyclic 
ketones; ¢.g., cyclohexanone yields (I) only with sodium ethoxide as condensing agent, 


GH, * Sto CH,-NO cH, Het 0H a St CH,-NO 
-+ CH;NO, —> ‘NO, ~~ He “Ul yNUs 
CH,-CH, veiling \cx, <i, Se \CH,-CH 

(I.) (II.) 
and (I) and (II) with piperidine. The hydroxy-compound is readily dehydrated to 1- 
nitromethylcyclohexene (II). 

Methy] ethyl, diethyl, and methyl propyl ketones condense with nitromethane (2 mols.) 
to form products of the type RR’C(CH,*NO,).. 

The nitro-olefin (II) was shown to have a #y-unsaturated structure by oxidation to 
adipic acid both with permanganate and with ozone, and by a comparison of its molecular 
refraction with that of related compounds; the corresponding cyclopentane derivative 
also has a similar structure. 

The nitro-olefin (II) in dilute aqueous solution is acid to litmus; alcoholic solutions 
can be fairly rapidly titrated with alkali, although the end-point is not sharp. Freshly 
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prepared solutions do not give a colour with ferric chloride. The sodio-derivative, formed 
with great ease, gives in water an alkaline solution which develops a purple colour with 
ferric chloride, and from which the solid aci-form is precipitated on cautious acidification. 
The aci-form is characterised by its immediate solubility in alkali and even in aqueous 
sodium bicarbonate, and by the deep colour it gives with ferric chloride. It is slightly 
more reactive towards iodine chloride than the parent nitro-olefin. It is unstable and 
reverts completely to the liquid form in an evacuated desiccator after an hour, as is shown 
by the disappearance of the reaction with ferric chloride: the nitro-form thus produced 
does not differ in any way from the initial material, and there appears to be no tendency 
to produce the A*-isomeride. 

All attempts to alkylate the nitro-olefin were unsuccessful: no reaction takes place 
between the sodio-derivative and alkyl iodides in neutral solvents, and in alcoholic solution 
Al-tetrahydrobenzaldoxime is produced (compare Kohler and Stone, J. Amer. Chem. 
Soc., 1930, 52, 761) : 


CH ea CH: Ng —<eavely pc CH:N-OH + NaOEt + O 
\éu,-CH So Gu, ch 


This shows that the anionic charge in the nitrolate ion remains throughout on oxygen 
and that there is no tendency for its redistribution even to the a-carbon of the three-carbon 
system, otherwise the formation of an a-alkyl derivative would be expected. The formation 
of the aci-form is also due to this cause; the gradual reconversion of the aci-form into the 
nitro-form shows that equilibrium is eventually established in the system, but this does 
not involve the three-carbon system and can be formulated as follows : 

O O}Na OH 
Sc-cH.n¢ Sccrn’ SccHnd 
cH KIN SO —> cH CEN, —> cH? set ten., 





Although «-alkyl derivatives cannot be obtained from the nitro-olefin (II) by alkylation, 
they are readily formed by the condensation of cyclohexanone with nitroethane or nitro- 
propane; they are in every way similar to the compound (II). 

It might be inferred from these results that the nitro-group does not confer mobility 
on a three-carbon system. Actually, owing to the existence of the nitro-olefins solely 
in their A*-modifications, the mobility is not apparent and only becomes so in the related 
nitro-esters. The overwhelming predominance of the A®-form in the nitro-olefins can be 
attributed to the inductive effect of the nitro-group, which increases the toleration of the 
adjacent carbon for covalent union with hydrogen. 

By the nitration of ethyl 6$-dimethylacrylate Bouveault and Wahl (Compt. rend., 
1900, 131, 687, 748; Bull. Soc. chim., 1901, 25, 808) obtained an «-nitro-A*-ester (III), 
which gave a potassio-derivative (of undetermined structure) from which the isomeric 
Af-ester (IV) was produced on acidification. The structures assigned to the two esters 
were based on the facts that (III) undergoes fission with ammonia, giving the ammonium 
compound of ethyl nitroacetate, and (IV) forms an unstable ammonium compound, from 
which it can be regenerated. 


M NO, Me O}K __. Me NO 
(IL) e>CC<Coket > cHLPC’ ceNOgk _, HA CCH<copet 8? 


[Nis ie at je 


Me,C:NH + cH<NOgNH Hy cH” c ONE, 


We have confirmed the structures of the two esters by oxidation and by an examination 
of their physical properties. Neither ester gives a colour with ferric chloride, but in 
aqueous solution acquires this property on keeping; such solutions are faintly acid. The 
Af-ester (IV) has a pleasant odour and is characterised by the rapidity with which its 

RR 
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alcoholic solution can be titrated with alkali. The ester produced on acidification of the 
potassio-derivative does not contain any measurable amount of the aci-form and, unlike 
the potassio-derivative, does not give a colour with ferric chloride; it can be concluded 
that equilibrium between the nitro- and the aci-nitro-form is very rapidly established, 
doubtless owing to the additional activation due to the carbethoxy-group. In addition, 
the A®-ester always contains a small amount of the A*-isomeride, which increases if the 
regeneration is carried out without special precautions; this result was observed on one 
occasion when benzoic acid was used to liberate the Af-ester, probably because the reaction 
required some days for completion. It can therefore be concluded that there is a definite 
tendency in these compounds for a redistribution of the anionic charge in the three-carbon 
system, a tendency not observed in the nitro-olefins and also attributable to the effect 
of the carbethoxy-group; the formation of a potassio-derivative from a A*-ester must, 
of course, likewise involve a rearrangement within the three-carbon system. The latter 
change is slow compared with the rapid equilibration of the nitro—aci-nitro-system, because 
the A*-ester can be titrated with alkali but the process takes about an hour to complete. 

Ethyl cyclohexylideneacetate is readily nitrated, giving an «-nitro-A*-ester convertible 
through the potassio-derivative into the A*-isomeride, which is not obtainable by the 
nitration of ethyl cyclohexenylacetate. The two esters are entirely analogous to those 
discussed above. Their physical properties show the expected differences and furnish 
a welcome standard of comparison with those of the corresponding nitro-olefins. The 
esters could not be alkylated: no reaction took place in neutral solvents, and in alcoholic 
solution the oxime of ethyl A?-cyclohexenylpyruvate was formed (compare p. 605). 

Ethyl 8-diethylacrylate and ethyl $-methyl-f$-propylacrylate also give «-nitro-A*- 
esters, convertible into their A*-isomerides through their potassio-derivatives. They do 
not call for any special remark, except that the A*-ester derived from the methylpropyl 
compound appears to give acetaldehyde in place of propaldehyde on ozonisation; the 
compound is still under investigation. 


EXPERIMENTAL. 


Condensation of cycloHexanone with Nitromethane.—17 C.c. of nitromethane and 30 c.c. of 
cyclohexanone (excess) were treated with 2—3 c.c. of a solution of 1 g. of sodium in 15 c.c. of 
alcohol. After 12 hours, the mixture was treated with dilute acid and extracted with ether, 
the extract washed with water, aqueous sodium bicarbonate, and water, dried, and evaporated, 
and the residue distilled. A 45% yield of 1-nitromethylcyclohexanol (I) was obtained, b. p. 
125—130°/17 mm.; this on redistillation had d?* 1-1506, mp 1-4855, [Rz]p 39-88 (Found : 
C, 53-0; H, 8-4; N, 9-0. C,H,,0,N requires C, 52-8; H, 8-2; N, 8-8%). When 1-5 c.c. of 
piperidine were used in place of sodium ethoxide in the above condensation, a 40% yield of 
condensation product was obtained; about 75% of this boiled at 112—116°/17 mm., had 
d=” 1-0699, mp 1-4853, [Rz]p 37-82 (calc., 37-49), and consisted of 1-nitromethylcyclohexene 
(II) (Found: C, 59-3; H, 7-7; N, 10-0. C,H,,0O,N requires C, 59-5; H, 7-9; N, 100%). A 
higher-boiling fraction consisted of the hydroxy-compound (Found: C, 53-1; H, 81; N, 
8-7%). Other bases gave poorer yields of condensation product : methylamine or ethylamine 
in alcohol (30% yield), concentrated aqueous ammonia (20% yield), 10% aqueous sodium or 
potassium hydroxide (10% yield); pyridine and diethylamine appeared to bring about the 
formation of compounds of high molecular weight. 

Dehydration of 1-Nitromethylcyclohexanol (1).—(i) Dehydration with phosphoric oxide or 
hot acetic anhydride was unsatisfactory. (ii) The hydroxy-compound (25 g.) was heated for 
1-5 hours with 40 g. of phosphorus oxychloride in 150 c.c. of benzene, cooled, and treated with 
ice-water, and the benzene solution washed with sodium bicarbonate, water, dried, and distilled 
under reduced pressure; the yield of the olefin was 55%; b. p. 106—108°/17 mm., d?” 1-0733, 
My 1-4856, [Rz]p 37-74. (iii) A 70—75% yield of the same material was obtained by adding 
20 g. of thionyl chloride drop by drop to 25 g. of the hydroxy-compound in 25 g. of pyridine 
cooled in a freezing mixture, and working up the mixture as above after 2 hours (at room tem- 
perature); this method was adopted as standard. 

Oxidation of 1-Nitromethylcyclohexene (II).—(i) 8 G. of the olefin, emulsified with ice-water, 
were shaken with ice-cold 3-16% potassium permanganate solution until the colour persisted 
(50 were used). The filtered liquid was shaken with ether, concentrated, acidified, and extracted 
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with ether. The extract was evaporated, nitrous fumes finally escaping; the residue was 
adipic acid (good yield). No trace of cyclohexanone was isolated ; a control experiment showed 
that it is stable under the conditions used. 

(ii) 6 G. of the olefin in 50 c.c. of ethyl acetate were treated with ozonised oxygen until 
the latter escaped freely; the absorption was rapid, and on removal of the solvent under reduced 
pressure a stable crystalline ozonide remained, m. p. 105° after crystallisation from ethyl acetate 
(Found: C, 44-3; H, 6-1; N, 7-6. C,H,,0O;N requires C, 44-4; H, 5-9; N, 7-4%); it was 
unchanged by cold water after some days. The ozonide was decomposed by warm 10% aqueous 
sodium bicarbonate, dissolving almost completely. The alkaline solution was shaken with 
ether and acidified; ether then extracted adipic acid as the sole product. 

Sodio-derivative and aci-Form of (II).—The sodio-derivative was immediately precipitated 
when the nitro-olefin was added to sodium ethoxide suspended in ether; after being washed 
with ether and with petroleum, it was a yellow powder, which could be kept in a desiccator for 
some time. When an aqueous solution was acidified with a very small excess of acetic or 10% 
hydrochloric acid, the solid aci-form of the nitro-olefin was precipitated, m. p. 63—65°. A 
similar product was obtained by carrying out the regeneration with dry benzoic acid in anhydrous 
ether and removing the sodium benzoate formed after 3 days, or by passing dry hydrogen 
chloride into an ethereal suspension of the sodio-derivative. Oxidation of the product showed 
that the pure AS-compound was formed in every case. 

Ammonium derivative. When dry ammonia was passed into an ethereal solution of the 
nitro-olefin, a yellow ammonium salt was precipitated after some time; it decomposed in a 
vacuum desiccator, or on treatment with dilute acid, regenerating the original olefin, d?” 
1-0721, mp 1-4845. A brilliant green colour developed when an ethereal suspension of the am- 
monium compound was treated with dilute hydrochloric acid (compare Steinkopf and Jiirgens, 
J. pr. Chem., 1911, 84, 686). 

Attempted alkylation. The sodio-derivative of (II) was unchanged by methyl or ethyl 
iodide in boiling benzene or ether solution. If alcohol was added to such a mixture, the solid 
dissolved on heating over-night and sodium iodide was precipitated. Water was then added, 
and the ethereal solution washed with sodium sulphite, water, dried, and evaporated. On 
distillation the main fraction, b. p. 100—110°/12 mm., partly solidified; the solid was washed 
with light petroleum and recrystallised from petroleum (b. p. 60—80°), forming long needles 
m. p. 98°, of A!-tetrahydrobenzaldoxime (Wallach, Annalen, 1908, 359, 252) (Found: C, 67-5; 
H, 8-8; N, 11-4. Calc.: C, 67-2; H, 8-9; N, 11:2%), from which the aldehyde could be 
produced by warming with dilute sulphuric acid. 

Effect of mineral acids. The nitro-olefin was unchanged after prolonged boiling with 10 
or 30% hydrochloric acid or with 25% sulphuric acid. 

Condensation of cycloHexanone with Nitroethane.—The reactants and piperidine were left 
together for a week, and the product was worked up as described on p. 606; sodium ethoxide 
was a less satisfactory catalyst. A 30% yield of 1-a-nitroethylcyclohexanol was obtained as 
a viscous colourless oil, b. p. 122—125°/14 mm., d2 1-1122, np 1-4852, [R,]p 44-65 (Found : 
C, 55-4; H, 8-4; N, 81. C,H,,0O,N requires C, 55-6; H, 8-7; N, 8-1%). No unsaturated 
fraction appeared to be formed. 

Dehydration. This was carried out with thionyl chloride (p. 606); 1-nitroethylcyclo- 
hexene had b. p. 120—123°/24 mm., d?” 1-0529, np 1-4835, -[R,]p 41-71 (Found: C, 62-2; H, 
8-5; N, 8-9. C,H,,0,N requires C, 61:9; H, 8-4; N, 90%). It was a pale yellow, mobile 
oil of pleasant odour. 

Oxidation of 1-a-Nitroethylcyclohexene.—The olefin was oxidised with potassium per- 
manganate in neutral solution as described on p. 606. The acid fraction contained adipic 
acid and some acetic acid, which was identified as its p-bromophenacy] ester, m. p. 85° (yield 
of the mixed acids, 60%). The same products were also obtained on ozonisation; the ozonide 
was not obtained as a solid, but was again very stable. 

Sodio-derivative. A yellow sodio-derivative was formed from 1-a«-nitroethyleyclohexene 
with the aid of sodium ethoxide. On treatment with ice-cold dilute hydrochloric acid, or with 
dry benzoic acid in ether, it gave a liquid aci-form, which developed a purple colour with ferric 
chloride, and could be kept about 1-5 hours before being converted into the initial nitro-form, 
ad?” 1-0536, np 1-4842. 

Ammonium derivative. A yellow ammonium derivative was slowly formed by the method 
described above; the original nitro-olefin was obtained from it on keeping. 

Condensation of cycloHexanone with a-Nitropropane.—This was carried out with the aid 
of piperidine. The 1l-a-nitvopropylcyclohexanol obtained (yield, 10%) had b. p. 140—145°/12 
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mm., d2” 1-0922, 2p 1-4794, [Rz]p 48-60 (Found : C, 57-9; H, 9-0; N, 7-6. C,H,,0O,;N requires 
C, 57-7; H, 9-2; N, 75%). Dehydration with thionyl chloride gave an 80% yield of 1l-a- 
nitropropylcyciohexene, b. p. 117—118°/11 mm., d2™ 1-0302, mp 1-4813, [Rz]p 46-76. 

Oxidation.—(i) Oxidation of the above nitro-olefin with permanganate as described on 
p. 606 gave a small amount of neutral fraction, in which propaldehyde was identified in the form 
of its condensation product with dimethyldihydroresorcinol, m. p. 153°, mixed m. p. 154°. The 
acid products (60% yield) were adipic acid and propionic acid (p-bromophenacy] ester, m. p. 
and mixed m. p. 62°). (ii) The ozonide was obtained as a crystalline solid ; it was decomposed 
by warm aqueous sodium bicarbonate, yielding adipic and propionic acids as the sole products. 

Sodio-derivative. This and the ammonium derivative were formed exactly as described 
on p. 607; the aci-form of the nitro-olefin was also obtained in the same way and had similar 
properties and stability and the nitro-olefin re-formed from it was identical with the initial 
material. 

Condensation of cycloPentanone with Nitromethane.—This was carried out with the aid of 
piperidine. The product, obtained in poor yield, consisted chiefly of 1-nitromethylcyclopentene, 
b. p. 89—91°/14 mm., da?” 1-0810, np 1-4783, [Rz]p 33-29 (Found: C, 57-0; H, 6-9; N, 10-6. 
C,H,O,N requires C, 56-7; H, 7-1; N, 110%). Oxidation of this with permanganate gave 
glutaric acid. 

The sodio-derivative, which was readily formed, gave, on treatment with ice-cold dilute 
hydrochloric or acetic acid, the aci-form as an oil, which developed a green colour with ferric 
chloride and was converted after 1} hours into the original nitro-form, d?” 1-0826, mp 1-4788. 

Condensation of Aliphatic Ketones with Nitromethane.—With sodium ethoxide, piperidine, 
pyridine, methylamine, or “ molecular ”’ sodium as condensing agent, the yield of the product 
was 15—25%. Acetone gave a product, b. p. about 135°/19 mm., m. p. 89—90° (Found: C, 
37-2; H, 6-4; N, 17-3. C;H4O,N, requires C, 37-0; H, 6-2; N, 17-3%). Methyl ethyl ketone 
gave a pale yellow oi/ of unpleasant odour, b. p. 135—138°/9 mm., d?™ 1-1886, mp 1-4662 
(Found : C, 41-1; H, 7-1; N, 16-2. C,H,,0,N, requires C, 40-9; H, 6-9; N, 15-9%). Diethyl 
ketone gave an oil, b. p. 135—138°/10 mm., d2” 1-1713, np 1-4660 (Found : C, 44-0; H, 7-2; 
N, 15-0. C,H,,0,N, requires C, 44-2; H, 7-4; N, 14-7%). Methyl propyl ketone gave an oii, 
b. p. 144°/11 mm., d?” 1-1498, mp 1-4980 (Found: C, 44:5; H, 7-4; N, 15-0. C,;H,,0,N, 
requires C, 44-2; H, 7-4; N, 14:7%). 

Ethyl a-Nitro-B-methyl-A*-butenoate (III).—This ester was prepared essentially as described 
by Bouveault and Wahl (Compt. rend., 1900, 131, 687); the nitration was performed in a wide- 
necked flask cooled in a freezing mixture, air being passed through the reaction mixture to 
ensure thorough mixing; the temperature was 0—5°. The pure ester had d?™ 1-1149, up 
1-4598, [Rz]p 42-49 (Found: C, 48-4; H, 6-3; N, 8-2. Calc.: C, 48-5; H, 6-4; N, 8-1%). 
Titration in alcoholic solution with standard alkali required an hour for completion. 

Oxidation. (i) The ester was oxidised with permanganate as described on p. 606 (30/g.- 
mol.). The filtered solution, which gave a positive iodoform reaction in the cold, was distilled 
in steam; treatment of the first 20 c.c. of distillate with semicarbazide gave an abundant 
precipitate of acetonesemicarbazone. The remaining solution, acidified and concentrated, 
deposited oxalic acid. (ii) Ozonisation of the ester (5 g.) required 7 days’ continuous treatment 
in ethyl acetate solution. The ozonide, decomposed by shaking with water for 12 hours, gave 
a very small amount of formaldehyde (detected by means of dimethyldihydroresorcinol) and 
also acetone and oxalic acid. 

Action of ammonia. Bouveault and Wahl’s results were confirmed, except that the am- 
monium derivative of ethyl nitroacetate was found to melt at 131° after crystallisation from 
methyl alcohol (Found : C, 32-4; H, 6-5; N, 18-9. Calc.: C, 32-0; H, 6-7; N, 18-7%). The 
ester obtained on acidification had b. p. 88—91°/12 mm., d?” 1-2085, mp 1-4247 (Found: C, 
36-4; H, 5-2; N, 10-8. Calc.: C, 36-1; H, 6-3; N, 10-5%). 

Ethyl «a-Nitro-B-methyl-A8-butenoate (IV).—The potassio-derivative prepared from the 
As-ester was treated with a very slight excess of cold dilute hydrochloric acid. The oil pre- 
cipitated, which gave no colour with ferric chloride immediately after formation, was extracted 
with ether; it had b. p. 100—104°/13 mm., d?” 1-0507, np 1-4440, [Rz]p 41-60 (Found: C, 
48-3; H, 6-5; N, 8-4. Calc.: C, 48-5; H, 6-4; N, 81%). 

A similar product was obtained by passing somewhat less than the calculated amount of 
dry hydrogen chloride into a suspension of the potassio-derivative in ether at 0°. The ester 
regenerated by means of benzoic acid in ether after 5 days was evidently a mixture of the two 
isomerides. A fraction, b. p. 106—107°/12 mm., had d/?“ 1-1120, mp 1-4528, [Rz]p 42-06; 
another, b. p. 110—112°/12 mm., had dd)?” 1-1143, mp 1-4560, [Rz]p 42-23. 
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Oxidation. ‘The ozonide of the ester (the first specimen described above) was readily de- 
composed by shaking with water. The aqueous solution gave a positive iodoform reaction, 
but acetone could not be isolated as semicarbazone. Formaldehyde was isolated in quantity 
by means of dimethyldihydroresorcinol; oxalic acid and acetic acid (p-bromophenacy] ester, 
m. p. and mixed m. p. 85°) were also identified. 

Ammonium compound. Bouveault and Wahl’s results were confirmed; the Af-ester was 
obtained on acidification, b. p. 112—115°/21 mm., d2 1-1056, mp 1-4440, [Rz]p 41-58 (Found : 
C, 48-6; H, 6-2; N, 8-0%). 

Ethyl a-Nitrocyclohexylideneacetate.—Attempts to condense ethyl nitroacetate (Bouveault 
and Wahl, Bull. Soc. chim., 1904, 31, 847, 929) with cyclohexanone were unsuccessful. Ethyl 
cyclohexylideneacetate was nitrated as described on p. 608, but the best results were obtained 
when the nitration product was poured into ice-water as soon as all the ester had been introduced. 
The ester (yield, 50%) had b. p. 130—134°/4 mm., d2” 1-1330, np 1-4918, [Rz]p 54-55 (Found : 
C, 56-2; H, 7-1; N, 6-8. C,9H,,0,N requires C, 56-3; H, 7-1; N, 6-6%). It was a viscous 
yellow oil with a pungent odour and gave a colour with ferric chloride only after a long time. 

Oxidation. Oxidation with permanganate (equivalent to 3 atoms of oxygen) as described 
on p. 606 gave an 85% yield of cyclohexanone, identified in the form of semicarbazone; the 
acid fraction consisted of oxalic acid, but no adipic acid was detected. The same products 
were also formed on ozonisation. 

Action of ammonia. An ethereal solution of the ester was treated with dry ammonia, and 
the precipitated salt, and also the filtrate from it, were treated with dilute acid. The products 
were ethyl nitroacetate and cyclohexanone, respectively. 

Potassio-derivative. This was obtained in 40% yield by leaving the ester with an ethereal 
suspension of potassium ethoxide over-night; it gave a deep purple colour with ferric chloride. 

Ethyl «-Nitro-A'-cyclohexenylacetate—The above potassio-derivative gave on cautious 
acidification with cold dilute hydrochloric acid the Af-ester, b. p. 124—126°/3 mm., d?™ 1-1332, 
Mp 1-4806, [Rz]p 53-40 (Found: C, 56-1; H, 6-9; N, 6-9. C,H,,O,N requires C, 56-3; H, 
7-1; N, 66%). The ester is immediately soluble in cold sodium hydroxide solution. 

Oxidation. The A8-ester required permanganate equivalent to 5 atoms of oxygen for 
oxidation. The neutral fraction consisted of a small amount of unattacked ester. Ovxalic 
and adipic acids were obtained in quantity. 

Action of ammonia. On treatment with gaseous ammonia, the Af-ester formed an un- 
stable ammonium compound, from which it was recovered unchanged on acidification, d?” 
1-1329, mp 1-4800, [Rz]p 53-46. 

Attempted alkylation. The potassio-derivative was unchanged after prolonged boiling with 
ethyl iodide in benzene or ether solution. In alcoholic solution, it slowly dissolved, and potass- 
ium iodide was precipitated. The product solidified after distillation under reduced pressure, 
m. p. 98° after crystallisation from petroleum (b. p. 60—80°), and probably consisted of the 
oxime of ethyl A1-cyclohexenylpyruvate (Found : C, 61-2; H, 7-5; N, 7:2. CygH,,0O,N requires 
C, 60-9; H, 7-7; N, 6-9%). 

Ethyl «-Nitro-B-ethyl-A*-pentenoate—Ethyl (§-diethylacrylate (Kon and Nargund, J., 
1932, 2461) was nitrated as described on p. 608 and gave a 25% yield of the nitro-ester, b. p. 
119—122°/13 mm., d?° 1-0724, mp 1-4608, [Rz]p 51-48. (Found: C, 54-0; H, 7-5; N, 7:3. 
C,H,,0O,N requires C, 53-7; H, 7-5; N, 7:0%). This was a yellow oil with a sharp odour. 
On oxidation with permanganate (30) it gave diethyl ketone and oxalic acid; with ammonia 
it gave the ammonium salt of ethyl nitroacetate, and the mother-liquor on acidification was 
found to contain diethyl ketone. 

Ethyl «-Nitro-B-ethyl-A8-pentenoate—The above At-ester gave a poor yield of potassio- 
derivative, which developed a purple colour with ferric chloride and on acidification with 10% 
hydrochloric acid gave the Aé-esier, b. p. 117—120°/14 mm., d?™ 1-0652, mp 1-4499, [Rz]p 
50-73. This ester did not give a colour with ferric chloride even immediately after formation, 
but at once dissolved in alkali and could be rapidly titrated (Found : C, 54-1; H, 7-4; N, 6-9. 
C,H,,0,N requires C, 53-7; H, 7-5; N, 7:0%). The products of decomposition of its ozonide 
were acetaldehyde (identified as the dimethyldihydroresorcinol derivative, m. p. and mixed 
m, p. 138—139°) and acetic and propionic acids (identified as p-bromophenacyl esters). With 
ammonia the A’-ester formed an unstable ammonium compound, from which it could be re- 
generated on acidification, b. p. 117—120°/15 mm., d2 1-0659, mp 1-4504, [Rz]p 50-73. An 
attempt to prepare the Aé-ester by nitration of ethyl 8-ethyl-A’-pentenoate was unsuccessful. 

Ethyl a-Nitro-B-methyl-A*-hexenoate.—Ethyl 8-methyl-8-propylacrylate, prepared from the 
mixture of the two stereoisomeric acids (Kon, Leton, Linstead, and Parsons, J., 1931, 1411), 
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was nitrated, giving a 25% yield of the wnitro-ester, b. p. 119—122°/13 mm., d?” 1-0703, 2p 
1-4600, [R;]p 51-48 (Found: C, 53-9; H, 7-6; N, 7-0. C,H,,0,N requires C, 53-7; H, 7-5; 
N, 7:0%). This ester gave methyl propyl ketone and oxalic acid on oxidation (permanganate 
or ozone) and was converted by dry ammonia into methyl propyl ketone and ethyl nitroacetate. 

Ethyl a-Nitro-B-methyl-A8-hexenoate.—The At-ester was converted into a yellow potassio- 
derivative, which gave a purple colour with ferric chloride and on acidification with 10% hydro- 
chloric acid gave the A®-ester, b. p. 118—120°/14 mm., d? 1-0665, mp 1-4505, [Rz]p 50-71 
(Found: C, 54:0; H, 7-2; N, 7-1. C,H,,0,N requires C, 53-7; H, 7:5; N, 7:0%); it was 
characterised by its immediate solubility in cold 10% sodium hydroxide solution. Oxidation 
(ozone) gave a considerable quantity of acetaldehyde (dimethyldihydroresorcinol compound, 
m. p. and mixed m. p. 138—139°) and also oxalic acid and butyric acid (p-bromophenacyl 
ester, m. p. and mixed m. p. 62°), but no propaldehyde could be found. The structure of the 
ester is therefore uncertain. 
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127. Catalytic Influences in Three-carbon Tautomerism. Part ITI. 
A Review of Possible Mechanisms, and Further Examination of 
Catalysis by Alkowides. 

By R. P. Linstead and E. G. NoBLe. 


TueE further study of the experimental conditions suitable for the occurrence of three- 
carbon tautomerism which is described in this and the following papers makes it clear 
that these tautomeric changes may occur by a number of different mechanisms according 
to the environment of the molecule. 

(1) It is well known that the most common tautomeric changes in this system are 
brought about by the action of alcoholic sodium ethoxide or similar reagents. Ingold 
has interpreted such migrations on the basis that the mobile hydrogen is removed from 
the system by the alkoxide anion, leaving a tautomeric anion in which a rearrangement 
of electrons can occur (Ann. Reports, 1927, 24, 106). The subsidiary hypothesis is that 
the charge in the tautomeric ion becomes localised on oxygen, 7.e., that a common ion of 
the enolate type is formed. Actually, tautomeric substances are known ranging from 
those in which extensive enolisation can be demonstrated (cyanoglutaconic esters) to 
those in which it is structurally impossible (unsaturated hydrocarbons) or very improbable 
(unsaturated acids). For most three-carbon tautomerides (unsaturated ketones, nitriles, 
etc.) enolisation or allied reaction is structurally possible but its occurrence has not been 
proved. The results of the experiments described in this paper, together with Kon’s 
observations (J., 1930, 775) on readily enolisable substances, show that a practical dis- 
tinction can be drawn between changes in the three-carbon system in the presence of 
sodium alkoxide which occur through enolisation and those which do not. This dis- 
tinction is that in those substances which do not enolise appreciably there is no appreciable 
fixation of sodium, the tautomeric change is slow and continuous, and acidification by all 
methods yields the same mixture of A*- and A‘-isomerides; where, however, the tauto- 
meride is a stronger -acid than the alcohol of the alkoxide, the sodio-compound of the 
tautomeride is very rapidly formed, and acidification of such a mixture produces results 
depending upon the experimental conditions (Kon, Joc. cit.). 

It is not essential to assume the existence of free ions containing charged carbon in 
interpreting the tautomeric change of non-enolising substances : these may be represented 
as occurring in a cycle of interdependent processes, e.g., 


OEt® \ Na® OEt OEt . Na®,/ OEt® 


| 
(I) H H leading to H H(i) 
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(2) If the molecule is protected from external catalysts (ions and polarised molecules) 
and is heated sufficiently, then a purely intramolecular rearrangement may occur. It 
is shown in the following paper that there is good reason to believe that the interconversion 
of A*- and A8-unsaturated acids at high temperatures occurs by such a mechanism. Chap- 
man’s recent studies of the intramolecular migration of aryl groups provide a parallel 
(J., 1930, 2458, etc.). 

(3) The early explanation that tautomeric changes occur by a process of addition and 
fission of catalyst molecules may be rejected as a general interpretation, but the following 
facts show that it has a limited application to the three-carbon system. 

Certain substances possess an abnormally high mobility in acid solution; e¢.g., BG-dialkyl- 
acrylic acids (III) form y-lactones (IV) with exceptional ease in sulphuric acid at room 
temperature, a reaction which involves the preliminary change of a A*- into a A®-acid (V) 
(Fichter e al., Ber., 1909, 42, 4707, 4710; Linstead, J., 1932, 115; Kon, Linstead, and 
Wright, this vol., p. 599). The corresponding unsubstituted A*-acids are unchanged 
under these conditions, although they are more mobile than the 8-alkylated acids in alkali. 
This enhanced mobility in acid solution is attributed to the well-known ease with which 
an as-dialkylethylene can add on and release the elements of sulphuric acid. The following 
mechanism is suggested for the process : 


R’ ‘CH-CO.H +H,SO, R’ CH.-CO.H —H,SO, 
RCH OOH Fo, RCH POM so, 
(IIT.) HSO, 
R’ . e R’ e 
O— O 
(V.) (IV.) 


[The reaction proceeds from left to right by virtue of the one irreversible process. The possibility 
of the intervention of a B-hydroxy-acid (the hydrolysis product of the addition product shown above) 
and of the addition of sulphuric acid to the Py-double bond in the reverse sense are neglected for the 
sake of simplicity.] 


This explanation is similar to that advanced by Butleroff and by Lowry for the tauto- 
meric change of the dizsobutylenes. It must be emphasised that the tautomerism of 
unsaturated acids in alkaline media does not involve an additive mechanism (J., 1927, 
362): there is little addition to such double bonds in alkali, and the 8$-dialkylacrylic 
acids show no enhanced mobility. 

Kon and Nargund (this vol., p. 623) have observed a similar abnormal mobility of the 
esters of 88-dialkylacrylic acids in alcoholic solutions of mineral acids, although they are 
comparatively inert in alcoholic ethoxide (Kon, Linstead, and Maclennan, J., 1932, 2454). 
We attribute this to the double substitution of the 6-carbon atom which facilitates the 
addition of acids to yield an unstable tertiary halide (or similar substance) which can 
then pass into either the A*- or the A®-unsaturated ester. Whether such a composite 
process can be looked upon as “ tautomeric ”’ at all is a matter of definition, but it is clear 
that the reactions which occur produce an effect of tautomeric change. 

A three-carbon system in tending to attain thermodynamic equilibrium may therefore 
utilise one of several mechanisms, that chosen depending upon the surroundings of the 
“ migrating ’’ atom, both within and without the molecule. This probable diversity of 
mechanism indicates the need of caution in the use of a term such as “ prototropy,” which 
assumes that the migrating hydrogen passes into the ionic state. It also emphasises the 
necessity for retaining the classification based on the formal system (‘‘ three-carbon ”’) 
rather than adopting one involving an assumption of mechanism (compare J., 1929, 1269) 


EXPERIMENTAL. 


A representative selection of tautomerides detailed below has been examined from two 
points of view: (i) the effect of concentration of tautomeride and catalyst on the velocity of 
interconversion, and (ii) the fate of the former in alcoholic sodium methoxide. For this purpose 
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the partition of the tautomeride between a hydrocarbon solvent (cyclohexane) and methyl 
alcohol has been determined before and after the addition of sodium; if enolisation occurs, 
the addition of the sodium should alter the partition coefficient in favour of the alcoholic layer. 
Such an increase occurred in experiments with unsaturated ketones but not with unsaturated 
esters or nitriles. The last two groups showed, if anything, the reverse effect; i.e., there was 
some “ salting out ” of the tautomeride into the hydrocarbon. 

Materials.—Ethyl A*- and A’-n-hexenoates, prepared from the silver salts of the acids 
(Kon, Linstead, and Maclennan, Joc. cit.), were almost identical in physical properties with the 
previous preparations. The A*-ester had J 1-5%,* and the Af-ester J 83%, the previous reference 
curve (loc. cit.) being exactly confirmed. 

Methyl cyclopentylideneacetate, prepared by the action of methyl iodide on the silver salt 
of the acid (15 hours), had b. p. 75°/8 mm., » 1-4756, d 1-0083, J 0-5%. Methyl A'-cyclopentenyl- 
acetate, similarly prepared, had b. p. 62°/8 mm., ” 1-4569, d 1-0016, J 85%. Mixtures of the 
esters had the following iodine additions : 

Ae-, 90 80 60 40 20 10 0 
J; . 11-3 21-9 43°5 62-4 76-2 81 85-2 

A!-cycloHexenylacetone (Jupp, Kon, and Lockton, J., 1928, 1638) was purified by removal 
of the «§-isomeride with aluminium amalgam and regeneration through the semicarbazone 
(m. p. 143°) (Kon, J., 1930, 1616). The properties of the ketone before and after regeneration 
are given below, together with those reported in the literature : 


B. p./mm. np. di. t » & 


Fractionated { 1-4706 0°9360 20° 84 
Regenerated 94 /2 1-4726 0°9381 20 84 
Kon (loc. cit.) 5 14730 0°9390 18°4 84°9 
Dickins, Hugh, and Kon (J., 
1928, 1636) 14731 0°9375 18°6 83°7 
These figures indicate that the b. p. more recently given by Kon is too low. The agreement of 
the other figures is satisfactory. 
cycloHexylideneacetone (Dickens, Hugh, and Kon, Joc. cit.) had the following properties 
after fractionation: b. p. 80°/9 mm., 2 1-4912, d 0-9514, J 17-9% (Kon gives b. p. 83°/9 mm., 
n 1-4922, d 0-9459, J 13-4% for the pure ketone). 
isoPulegone (Tiemann and Schmidt, Ber., 1896, 29, 917; Hugh, Kon, and Linstead, J., 
1927, 2585) was regenerated from its semicarbazone by Kon’s method. Its properties and those 
recorded for the two pure isomerides are tabulated below : 


B. p./mm. nb. a‘. t. , %. 
isoPulegone (authors) 100°/18 1°4675 0°9198 20° 65°0 
isoPulegone (Kon, /oc. cit.) . 1-4672 0°9197 21 66-0 
Pulegone (Kon, /oc. cit.) 1-4881 0°9381 16°9 10°6 


Effect of Concentration on Mobility —The tautomeride was treated at 25° with a solution 
of sodium alkoxide of the desired concentration. At the end of the required time the product 
was worked up in the manner described by Kon and Linstead (J., 1929, 1278), the mixture 
of tautomerides distilled, and its physical properties and iodine addition measured. 


Ethyl A8-n-hexenoate + sodium ethoxide. 


Time, Concn. of reactants. Properties of product. Compn. of product. 
mins. Ester, N. NaOEt, N. d. n. J. %. 48-Ester, %,. Ethoxy-ester, %.* 

60 . ’ 0°8955 1°4255 81 96 nil 

60 ‘ "25 0°8960 1°4262 74 85 i 

60 . “! 0°8968 1°4270 65 71 

60 . “7 0°8980 1°4272 54 56 

60 ° “9: 0°8991 1-4267 47 47 

20 ‘ . 0°8973 1-4267 64°; 70 

20 “f . 0°8976 14264 65 71 

20 ; . 0°8973 1-4267 66 72 

20 , 2 0°8998 1:4261 48 48 

* The amount of ethyl B-ethoxyhexoate in the product was calculated from the physical properties, 

linear relationships being assumed (compare Kon, Linstead, and Maclennan, /oc. cit., p. 2457). 





* Iodine additions were carried out at 20° throughout. Values of and d are for n® and d%° through- 
out unless otherwise stated. 
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The first five experiments showed that the change of Af-ester into As- and ethoxy-esters 
was dependent on the concentration of the catalyst, and the next three indicated that it was 
independent of the concentration of the tautomeride. To test this more accurately in a system 
in which there was no addition of alcohol, similar experiments were carried out (1 hour at 20°) 
on methyl A}-cyclopentenylacetate : 


Methyl A'-cyclopentenylacetate +- sodium methoxide. 


Concn. of reactants. Properties of product. A?-Ester 
Ester, N. NaOMe, N. d. n. »%- formed, %. 

0°25 1-0 1-0033 1-4641 60°6 42 
0°25 1-0 1-0036 1-4642 60°8 42 

0°50 1-0 1-0030 1-4640 62-0 4l 

1-0 1-0 1:0030 1°4637 61-5 41°5 
1-0 1-0 1-0032 1°4638 61°8 41 

2-0 1-0 1-0030 1-4630 64°5 37°5 

1-0 0°5 1-0020 1-4605 76°6 20 


The first six experiments show that the rate of change is the same over a wide range of 
ester concentration ; the last experiment shows the dependence on the concentration of alkoxide. 
The point of equilibrium in the system was determined by a separate experiment (4 hours at 
25°) to be 65% As-ester, resembling that of the corresponding ethyl] esters. 

Similar experiments were carried out on the action of sodium methoxide on cyclohexylidene- 
acetone and A!-cyclohexenylacetone. The results confirmed those reported above but are not 
given in detail as the reaction was complicated by the formation of methoxy-ketone, and the 
mobility of the system was too low for accurate work. In experiments with isopulegone, on 
the other hand, the mobility was so high that complete equilibration to pulegone occurred at 
all but very low concentrations of alkoxide. 

The last five experiments in the following table show that the change was again independent 
of the concentration of tautomeride : 


isoPulegone +- sodium methoxide at 25°. 


Time, Concn. of reagents. Properties of product. 4*-Ketone 
mins. isoPulegone, N. NaOMe, N. “d. n. » Yo formed, %. 
10 1-0 1-0 0°9373 1-4832 16 100 
5 1-0 1-0 0°9356 1-4826 17 99 
2 1-0 1-0 0°9244 1-4826 19 97 
10 0-2 0-2 0-9329 1-4827 22°5 93 
10 0-1 0-1 0°9314 1-4800 31°5 79 
5 0-4 0-2 0°9341 1-4803 31°5 79 
5 0°27 0-2 0°9334 1-4801 31°5 79 
5 0-2 0-2 0°9334 1-4801 31 79°5 
5 0°13 0-2 0°9333 1-4799 30 81 
5 01 0-2 0°9326 1-4797 31 79 


The same result was obtained in experiments kindly carried out by Dr. R. A. Letch on 
a-A}-cyclohexenylbutyronitrile, of b. p. 112°/12 mm., d 0-9216, m 1-4750, J 55%.* 


a-Al-cycloHexenylbutyronitrile +- sodium ethoxide (3 hours at 25°). 


Concn. of reagents. Properties of product. A*-Nitrile 
Nitrile, N. NaOEt, N. d. n. J, % (2 hrs.). formed, %. 

4°0 10 0°9168 14846 31-7 52 

2-0 1-0 0°9165 14831 32°4 50 

1-0 10 0°9168 1-4851 31-0 55 

0-5 1-0 0°9170 14843 31°8 52 

0°25 10 0°9167 1°4846 31-0 55 

0°25 1-0 09170 1°4846 31-0 55 

1-0 2-0 09164 1-4908 12°5 86 

1-0 2°0 0°9160 1°4905 12°8 85°5 

1-0 0°5 0°9173 1°4809 43°5 23 

1-0 0°25 09164 1-4782 51:0 6 





* In view of the fact that unsaturated ketones, but mot unsaturated esters, can be alkylated by 
the conventional method, it is of interest that this nitrile could not be prepared from the corresponding 
un-ethylated nitrile (A'-cyclohexenylacetonitrile). For instance, 6 g. of the acetonitrile were treated 
successively with a solution of potassium (2 g.) in ethyl alcohol (6 c.c.) and 8 g. of ethyl iodide, and 
the mixture heated on the water-bath (5 hours). The nitrile, isolated as usual, had b. p. 112°/25 mm., 
d 0°9411, m 1:4922 (Found: C, 79:1; H, 9:2. Calc. for no ethylation: C, 79°3; H, 91%). It had 
therefore merely suffered conversion into the A*-isomeride without alkylation (compare Kandiah and 
Linstead, J., 1929, 2139). 
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Measurements of Partitions.*—Absolute methyl ‘alcohol was digested twice over calcium 
and redistilled; cyclohexane was distilled over sodium. (i) The simple partition of a given 
tautomeride was determined as follows : A 2N-solution in methyl alcohol was shaken vigorously 
with cyclohexane (generally 5 vols.) and allowed to separate. The two layers were then dis- 
tilled slowly through jacketed columns packed with glass beads, and the residual ester distilled 
under reduced pressure. (ii) For experiments with sodium alkoxide solutions the procedure 
was as follows: The tautomeride was left with an equivalent amount of 2N-sodium methoxide 
in dry methyl alcohol for the requisite period at 20° and was then extracted with cyclohexane 
(5 vols.), the two layers being separated rapidly. The hydrocarbon layer was neutralised 
(phenolphthalein) with an ethereal solution of benzoic acid, the remainder of the equivalent 
amount of benzoic acid (generally 95—97%) being added to the alcoholic layer. The cyclo- 
hexane layer was washed with water, dried, and distilled as before. The alcoholic layer was 
treated with water, extracted with ether, the extract washed, dried, freed from solvent, and 
distilled. 

1. Methyl cyclopentenylacetate. ‘The partition of this ester was determined (a) in the absence 
of sodium, and after equilibration (with 1 equiv. of 2N-sodium methoxide) for (6) 15 secs., (c) 
30 mins. The amounts of ester isolated from the alcoholic layer were 13, 9, and 9%, respectively. 
A good recovery of ester (ca. 90%) was obtained in each case. 

For the following four substances, partitions are given in terms of the % found in the alcoholic 
layer (a) in absence of sodium and (b) in presence of sodium methoxide. 

2. cycloHexylideneacetone. (a) 6%; (b) 15% (after 15 mins.). 

3. Al-cycloHexenylacetone. Partitions were between 1 vol. of methyl alcohol and 4 vols. 
of cyclohexane. (a) 11%; (b) 25% (after 30 secs. and after 30 mins.). 

4. isoPulegone. (a) 6%; (b) 15% (after 1 min.). 

5. Al-cycloHexenylbutyronitrile. (a) 11%; (b) 12% (after 30 mins.). These values were 
obtained with 5 vols. of cyclohexane to 1 vol. of alcohol. The following results, obtained by 
using less of the hydrocarbon, are given in detail as being typical of those obtained by this 
method : 

(i) Simple partition. 10 G. of nitrile in 38-6 c.c. of methyl alcohol and 150 c.c. of cyclo- 
hexane gave (a) from methyl alcohol: 2-2 g., b. p. 120—124°/20 mm., » 1-4738, d 0-9210, 
J 545%; (8) from cyclohexane: 6-3 g., b. p. 116—120°/18 mm., m 1-4748, d 0-9201, J 55%. 
Partition : 26% in alcohol. 

(ii) Partition with sodium. 10G. of nitrile were mixed with 38-6c.c. of 2N-sodium methoxide 
and extracted after 30 mins. with 150 c.c. of cyclohexane. There were isolated: (a) from 
methyl alcohol: 2-0 g., b. p. 120—122°/20 mm.,  1-4748, d 0-9194, J 52-5%; (8) from cyclo- 
hexane: 6-7 g., b. p. 117—120°/18 mm., » 1-4741, d 0-9250, J 52-5%. Partition: 23% in 
alcohol. 


The expenses of the work described in this and the following paper have been defrayed by 
grants from the Chemical Society and the Government Grant Committee of the Royal Society, 
to whom our thanks are due. 
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128. Catalytic Influences in Three-carbon Tautomerism. Part IV. 
The Tautomeric Changes of Unsaturated Acids at High 


Temperatures. 
By R. P. LINsTEAD and E. G. NoBLE. 


It has been shown (J., 1930, 1603) that certain A*- and A®-unsaturated acids are capable 
of interconversion at their b. p.’s, apparently in the absence of added catalyst. A detailed 
examination has now been made of the tautomerism of A*- and A®-n-hexencic, -pentenoic, 
and -butenoic acids both in the pure state and dissolved in organic solvents, water, and 

* The physical properties and iodine additions of the various products isolated in this part of the 
work have been omitted for the sake of brevity. There was no significant difference between the 
composition of the tautomeride from the alcoholic layer and that from the cyclohexane layer in any 
experiment. 
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alkalis. In this way it has been possible to connect the “ spontaneous” tautomerism 
of these acids with that occurring in the alkaline solutions of their salts. 

A. Tautomerism in the Absence of Water—The preliminary evidence (loc. cit.) for the 
occurrence of tautomerism in pure A*- and A*-n-hexenoic acids at their b. p.’s (219° and 208°) 
was first confirmed qualitatively (see p. 618). At and below 200° there was very little 
side reaction in clean apparatus, although a small amount of neutral impurity, apparently 
a product of decarboxylation and polymerisation, was slowly formed. The reaction was 
thus suitable for quantitative study, which was easily controlled by iodometric analysis. 

The results (see Experimental) lead to the following generalisations : 

(1) Purification of an acid beyond a certain point has no appreciable effect on the 
velocity of interconversion. Provided that all mineral impurity be eliminated, the change 
proceeds at a definite and reproducible rate. 

(2) This rate is independent of the surface of the vessel. 

(3) The velocity is very little affected by the medium, provided that no secondary 
decomposition occur; e.g., A®- is converted into A*-u-hexenoic acid with the same ease 
whether heated alone or dissolved in its ethyl ester, xylene, decalin, tetralin, or chloro- 
benzene, and but little faster in water and diethyl ketone. The same is true of A’-pentenoic 
acid, but the difference between the rate of change with and without water is greater in 
the case of A®-butenoic acid. If much secondary decomposition or charring occurs, the 
change is accelerated. 

(4) Most added catalysts cause secondary decomposition. Alkalis increase the rate 
of change enormously, neutral salts to a smaller extent. 

(5) There is little change below 150°, and between this temperature and the b. p. the 
rate increases rapidly. The velocities of change of the three acids at 150° are related to 
the velocities of the same changes in aqueous alkali (see below) ; for instance, A®-pentenoic 
acid is slightly, and A*-butenoic acid considerably, more mobile than A*-hexenoic acid 
under both sets of conditions. 

(6) The position of equilibrium is independent of the conditions of interconversion 
(cf. J., 1927, 2579). 

Mechanism of the ‘“‘ pure”’ change. The facts summarised under (1), (2), and (3) above 
are only consistent with the reaction’s being of the first order. Moreover, as the solvent 
is without influence, it would appear that the change is intramolecular. When, however, 
bases, salts, or perhaps even water, are added, this comparatively inefficient process is 
superseded by one involving the surrounding molecules. It is remarkable that no evidence 
could be obtained of a similar change in ethyl A*-n-hexenoate, suggesting that the hydrogen 
of the carboxyl group plays some specific part within its own molecule. 

B. Tautomerism in Aqueous Solutions.—This has been studied in the presence of large 
amounts of free alkali by Fittig (Annalen, 1894, 283, 47) and in these laboratories. We 
have now followed the equilibration of A*-n-hexenoic acid and its homologues at tem- 
peratures from 100° to 200°, concentrations from N/2 to 4N, and in the presence of 0—14 
equivs. of alkali. Observations were reproducible at and below 150°, but were rather 
uncertain at 200° owing to occasional charring. The results may be summarised as follows : 

(1) The same equilibrium was reached in aqueous solutions of the acids, in neutral 
solutions of the sodium salts, or in the presence of free alkali [cf. (6) above]. 

(2) The interconversion of the acids follows a unimolecular course in aqueous solution 
or for any one concentration of alkali. The unimolecular constants (hrs.~) for the change 
of A8-n-hexenoic acid are given below, the equilibrium position being taken as 26% Aé-. 


k Rg. 
P : A : . No. of 
Conditions of equilibration. Mean. Max. Min. detmtns. 


Acid alone in N/1-aqueous solution at 150° 0:0047 0:0038 6 
Sodium salt in N/2-aqueous solution + 1 equiv. of 

N/1-NaOH at 100° 0°055 0°057 0:052 7 
Acid + 10 equivs. of 25% aqueous KOH at 100° 0°60 0°61 0°59 4 





The fraction of the acid and of the sodium salt isomerised in aqueous solution in a 
given time was independent of the initial concentration. A similar result was obtained 
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ina constant concentration of free alkali (N/l-sodium hydroxide), the sodium salt of Aé- 
hexenoic acid attaining equilibrium with the same velocity coefficient when its initial 
concentration was varied between N/1 and N/10. Sodium Aé-n-pentenoate behaved 


similarly. 
Comparisons were made of the extent of 


(3) Effect of the concentration of alkali. 
isomerisation of all six acids in aqueous solution at 150°; the concentration of the acid was 


maintained at N/l and increasing amounts of alkali were added. These results are illus- 
trated in the fig. To obtain convenient values, the more mobile butenoic acids were 
heated for one hour, the other acids for 24 hours. It will be seen that the amount of an 
acid isomerised under these conditions is increased by the addition of alkali until about 
half the initial acid has been neutralised. The proportion changed then decreases until, 


Butenoic 








100 
Starting 
90 





material, 
a B-acid 





80 
Hexenoic 


Pentenoic 








| 
S 





D 
S 





— 
~ pam 





psy 
S 


45 
S 

& 

Ss 

© 
q 
‘§ 
ws 50 
3 
= 
Q 
8 
x 


oe ee 





Ww 
S 





& 


{0} 


p 
Mad SoS 


\ 


q 






































°% 02 04 O6 08 tO 2 14 FE 18 
Alkali added, equivs. 


when the solution is almost neutral, it is very little greater than in the solution of the acid 
As soon as the neutral point has been reached, the addition of more alkali 


in water. 

causes an enormous increase in the change, affording a clear example in the three-carbon 
system of an effect well known in other tautomeric changes. The figures for the reaction 
at the neutral point were confirmed by experiments carried out on solutions of the isolated 


sodium salts. 
The peak in the curves on the acid side of neutrality may be interpreted as follows : 
The increase in the rate of change of the acid caused by the addition of alkali may be 
As neutralis- 


attributed to catalysis of the change in the acid molecule by its own anion. 
ation proceeds, there is more salt to catalyse the change but less acid to be affected, and 


this finally leads to a fall in the effective change. As well as the isomerisation in the acid 
itself, a corresponding change occurs in the anion of the salt, which becomes more important 
as neutralisation proceeds and finally accounts for the whole of the change at the neutral 


point. 
These two series of experiments show that in alkaline solution an unsaturated acid 
Hence, in equilibra- 


tautomerises at a rate determined by the concentration of free alkali. 
tions for preparative purposes, it is better to use a small excess of alkali at high concen- 
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tration (e.g., 2 equivs. in 40°, solution) rather than the very large amounts (10 equivs.) 
originally used by Fittig. 

For the sake of completeness we have re-examined the equilibration of the same acids 
under standard conditions (J., 1927, 2579), using more accurate reference data and purer 
materials, with the following results : 


Equilibrium, % A*. Mobility * (¢ in hours). 
n-Hexenoic 74 (70) t 6:0 (ca. 7) 
n-Pentenoic 68 (75) 10°0 (ca. 7) 
n-Butenoic 98 Very high. 
* Measured from A®-side. 
+ Earlier data in parentheses (J., 1928, 2343; 1930, 2153). 


The equilibrium value for the »-butenoic acids is that expected in the light of the work 
of Fichter and Sonneborn (Ber., 1902, 35, 938); they record a considerable addition of 
the elements of water in the action of alkali on the A®-acid (loc. cit., p. 941), but little 
evidence of this was obtained in our experiments. 

C. Attempted Equilibration of Neutral Substances—It has been shown by Letch and 
Linstead (J., 1932, 443) that typical A*- and A®-unsaturated nitriles undergo no tautomeric 
change at or above their b. p.’s in the absence of catalyst. This result is substantiated 
by the recent work of Bruylants and his school on the exhaustive fractionation of such 
nitriles under atmospheric pressure (see Baerts, Bull. Soc. chim. Belg., 1932, 41, 314). 
Similar negative results have now been obtained by heating ethyl A*-n-hexenoate alone 
or admixed with its parent acid, and by heating allyl cyanide in the presence of A®-n- 
butenoic acid. 


EXPERIMENTAL. 


For references to the preparative methods see J., 1933, 562. 

Estimation of Mixed Ae- and A8-Acids.—For hexenoic and pentenoic acids, iodine additions 
(J) (Linstead and May, J., 1927, 2565) were carried out at 20° for 10 minutes (hexenoic) and 
1 hour (pentenoic). The addition of iodine to A’-butenoic acid was too slow for convenience 
and a bromometric method was used (cf. J., 1927, 355): 10 C.c. of an N/15-solution of the 
acid in chloroform were treated with 1 mol. of bromine in a freshly standardised N /20-solution 
in chloroform and left in the dark for 30 minutes at 20°; potassium iodide and water were 
then added and the free iodine was titrated. It was found desirable to check the standardisation 
of the bromine solution every 30 minutes. The reference data for the pure acids and synthetic 
mixtures are given below : 


Mean % Addition of Halogen (J) io Unsaturated Acids at 20° +- 0-25°. 


A*-Acid, % 90 80 60 40 20 10 0 (A8-) 
Addition of I to hexenoic acid 75 15 27 38 48 — 55° 
Addition of I to pentenoic acid ‘ 15 10°9 194 36 50°38 63°66 688 74 
Addition of Br to butenoic acid ... 1°4 11 205 395 55 69 753 80 

1. Preliminary Equilibrations——Samples of Ae- and Af-hexenoic acids were boiled under 
reflux in silica or soft-glass flasks in an atmosphere of carbon dioxide for various times. Three 
samples of the At-acid (A, B, and C) and two of the Af-acid (D and E) were used. The tem- 
perature of the liquid was initially 219° (As-) and 208° (A8-), but the latter rose considerably 
in the longer experiments. The product in each case was thoroughly shaken with sodium 
bicarbonate solution, traces of neutral material being removed with ether, and the acid isolated 
with sulphuric acid, extracted with ether, and dried over calcium chloride. The average 
recovery, from 10 g. samples, was 80—85%. The equivalents of the equilibrated acids were 
determined throughout by titration, but are not recorded; they were generally slightly high, 
indicating the presence of a trace of polymeride, unless the acids were first distilled in steam 
or under reduced pressure. The compositions, determined iodometrically, are given below to 
the nearest 0-5%, those representing complete equilibration being italicised. [In this and other 
tables each figure represents one complete experiment. When two figures are given in the first 
and subsequent columns, two separate experiments were carried out under the same conditions. 
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When two figures are given in the last two columns only, two separate analyses were performed 
on the same product. The figures under J are mean values.] 


Initial Time, Ae-Acid in 
acid. Vessel. hrs. fos product, %. 
Ae-, A Silica 
89, 89°5 
89, 86 
75 
88°5 


28 
75 
14 
75°65 
74 
30 
54°5 


19 
20 

21 

22 1 

23 A8-, D 

24 30 
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The results for samples A, B, and C of the A*-acid show considerable differences, B being 
the most mobile. Ignition of this material showed it to contain about 0-3% of mineral materia] 
(Na, Ca) derived from the drying agents. This sample and sample A had been recrystallised 
(m. p. 33°) but not redistilled. Sample C, which was the most inert, had been redistilled. 
Subsequent results showed that redistilled material always gave reproducible velocity data 
(see below). 

The reversibility of the change was confirmed as follows: (i) Equilibrated At-acid (from 
Expts. 6, 8, 11, 14, 15) was partially esterified (Eccott and Linstead, J., 1930, 2153) to yield 
a Af-ester with b. p. 67°/16 mm., d%” 0-8957, nj 1-4252, whereas the ester prepared from the 
silver salt of the pure A®-acid had d*" 0-8956, nj” 1-4255. The ester from the equilibrated acid 
gave on hydrolysis almost pure A-acid, b. p. 98°/8 mm., m. p. 8—9°, J 54%, equiv. (by titration) 
114-2 (Calc., 114-1). Another sample of equilibrated At-acid was treated for 24 hours with 5 
vols. of 60% sulphuric acid at room temperature, and then separated into Az-acid and lactone 
(J., 1932, 115). The lactone had b. p. 96°/15 mm., uj” 1-4386 (lit., 1-4387), equiv. 114-2, and 
contained only 0-5% of acid. It was further identified as y-n-hexolactone by the formation 
of the y-hydroxy-amide, m. p. 73°. The As-acid yields no y-lactone under these conditions. 

(ii) Equilibrated A®-acid (from Expts. 20, 24, 25) in aqueous sodium bicarbonate was treated 
with concentrated iodine in potassium iodide (Bougault, Ann. Chim. Phys., 1908, 14, 145), 
and the Af-acid removed as iodo-lactone by extraction with ether. Acidification of the bi- 
carbonate solution yielded the At-acid, m. p. 31—32°. Another sample was lactonised by the 
method given above, and the lactone removed by extraction with ether from a sodium bicarbonate 
solution. Acidification of the latter gave the Az-acid, m. p. 30—31°, J 0-5%. 

2. Further Purification of the Acid, and Effect of Surfaces——Two flasks of the Claisen type 
were used ; one of quartz was fitted with a sealed-in pocket, in which the thermometer immersed 
in a little mercury was held, and with a ground quartz stopper for the sidearm. The other was 
of soft glass, and was fitted with an ordinary thermometer and corks. The flasks were cleaned 
with chromic-sulphuric acid mixture and distilled water and dried. The redistilled acid was 
introduced, and the flasks evacuated and filled with dry carbon dioxide. The acid was boiled 
freely for a suitable time, and then isolated and analysed as before : 


% Change in Boiling Hexenoic Acids (Expts. 25—32). 


Initial material . Ac. AB.. AB., 

Time (hrs.) 24 12 24 

% Change im Quartz  .....cccccccocsocsscsees 21°5 35 64°5 
21 32 66°5 


” ” 


The use of quartz vessels, therefore, effects no alteration. To confirm this, samples of freshly 
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distilled acid were redistilled into the quartz flask under reduced pressure from a Pyrex-glass 
apparatus. The air led into the bubbler in this distillation was freed from bases by scrubbing 
with sulphuric acid. After being boiled for 5 hrs., the At-acid yielded 10-5% of A8-acid, and in 
7 hrs. the latter acid gave 19-5% of At-acid. There was therefore no appreciable slowing of 
the reaction. 

3. Experiments at Lower Temperatures.—The acid under study was distilled from a flask 
of Pyrex glass to a sealed-on vessel of the same glass in a current of air free from carbon dioxide, 
bases, and moisture. The apparatus was then evacuated, filled with pure carbon dioxide, 
and the receiving vessel sealed off from the distillation flask, after which the apparatus was 
again evacuated and filled with pure carbon dioxide. The receiving vessel was heated by an 
electric oven constant to + 1° while a current of pure carbon dioxide was passed across the 
outlet tube. The product was allowed to cool in this gas, and analysed as before. 

Any necessary catalysts were introduced before the equilibration through the outlet tube. 
These were treated as follows: Nitrobenzene (B.D.H. purified) was frozen, the liquid poured 
off at 3°, the residue washed with aqueous sodium carbonate and water, dried, and redistilled. 
Benzonitrile was distilled in steam, the distillate being treated with sodium carbonate and ex- 
tracted with ether; the extracts were dried (calcium chloride), distilled under reduced pressure, 
again dried, and redistilled. Chlorobenzene, xylene, tetralin, and decalin were dried and 
redistilled, the hydrocarbons over sodium. The alkalis were of A.R. quality and the other 
materials were not specially purified. 

When high-boiling solvents were used the procedure in working up the equilibrated acid was 
modified, the product being treated with sodium bicarbonate solution and then extracted four 
times with benzene and four times with ether before acidification. The loss in these experiments 
was about 15% and was largely mechanical except in equilibrations in nitrobenzene. The 
results are tabulated below : 


Equilibration of A8-n-Hexenoic Acid in Pyrex Glass. 


(Temp.: In expts. 33 and 34, 210°; in all other expts., 200° + 1°.) 


Ae-Acid formed, %. 
25, 22 
6, 66 
10, 9 
6 


9 
o~ 


KAAS PR oop > 


Expt. Catalyst or solvent. Time (hrs.). 


33, 34 None 
35, 36 ” 


~ 
for) 


or 
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2 vols. Tetralin 


m Coe 


10 
20, 20 
34°5, 32°5 
67, 68 
25, 26 
15 
13, 14 
11 
20 


1% Na,CO, 


St 5 
w onoo@w 


20% 1» 
2% Piperidine 
1% Na,SO, 
1% Phthalic anhydride 
1% Trichloroacetic acid 


” 


oO 


mor 
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Samples of the acid were also heated in 2, 5, and 10 vols. of boiling tetralin (204°) for 4 hours, 
17, 17, and 17-5% respectively of the At-isomeride being formed (Expts. 54—56) ; these results, 
and a comparison of Expts. 35—40, indicate that this solvent is without influence on the 
change. Experiments in nitrobenzene gave the anomalous and non-reproducible results shown 
below : 


Expt. Apparatus. Temp. Time, hrs. Amount of PhNO,. A*-Acid formed, %. 
57, 58 Pyrex 200° 4,4 2 vols. 26, 35 
59, 60 ee 200 8, 8 2 vols. 

61 Jena Geissler flask b. p. 5 vols. 

62 ” ” ” 

63 ” ” ” 


After these equilibrations only 60—65°% of acid could be recovered, the equivalent of which 
was rather high (116-5—118), and a charred residue was formed. This was found to be an active 
catalyst, 1% of it increasing the change in boiling A’-hexenoic acid from ca. 20% to 38% in 
4 hours. Experiments in benzonitrile were rendered valueless by double decomposition leading 
to the formation of benzoic acid. 
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These catalysts were shown to yield the usual equilibrium by the following experiments, 
which were carried out at the b. p. in Jena glass : 


Expt. Initial acid. Catalyst. Time, hrs. J. %- At-Acid, %. 
64 AB- 2% Piperidine 15 19°3 74 
65 AB- 20% Na,CO, 4 20-1 73 
66 AB. 2 vols. PhNO, 4 17°5 77 
67 Ae- 2%, Piperidine 4 18-4 75 
68 Ae- 2 vols. PhNO, 4 18°8 75 


The following experiments, carried out on pure A®-n-pentenoic acid at 190° in the special 
Pyrex apparatus (p. 619), show that the change is appreciably faster than in the higher homologue 
at 200° (cf. Expts. 35—38) : 


Expt. Time, hrs. J, % % A*-Pentenoic acid formed. 
69, 70 4,4 69-0, 69-1 9, 9 
71, 72 8, 8 67°8, 67°5 13, 13°5 


4. Experiments at 150°: Effect of Solvents.—Freshly distilled A®-n-hexenoic acid and the 
solvent were delivered by a pipette into a heavy tube of Monax glass, which was then sealed 
and heated at 150° + 1° in an electric furnace for 24 hours except in Expts. 73 and 74. 


Expt. Solvent. 7. & A2-Acid formed, °%. 
73, 74 None (190 hrs.) 50°5, 50°5 12°5, 12°5 
75, 76 None §2°2, 52°2 8, 8 

77 Decalin, 1 vol. 52°0 9 

78 »  2¢ vols. §2°2 8 

79 SS ae 52°5 8 

80 Xylene, 24 _ ,, 52°5 s 

81 “a wee 52:0 9 

82 Ethyl A®-n-hexenoate, 

5 vols. 52°5 8 

83 Chlorobenzene, 2} vols. 53°0 7 

84 pa _- 53°0 7 

85 Water, to 4N 52-0 9 

86 » to2N 51-0 11°5 
87, 88 » toN/1 50°8, 51°2 12, 11°5 

89 » toN/2 50:0 13 


In view of the experimental error involved in the determination of small changes, similar 
experiments were carried out concurrently for 336 hours at 150°. 


90, 91 None 48°5, 48°2 17, 18 
92, 93 Water, 5 vols. 41, 41 35, 35 
94, 95 Diethyl ketone, 5 vols. 41°5, 41°5 36, 36 
96, 97 Chlorobenzene, 5 vols. 50, 49°5 14, 16 
98, 99 Decalin, 5 vols. 48°5, 48°1 17, 18 


With ethylene dibromide as solvent, secondary decomposition occurred. 
Similar results were obtained with A*-n-pentenoic acid at 150°. 


Expt. Solve}it. Time, hrs. I, Ge A*-Acid formed, %. 
100, 101 None 24 69-0, 69°1 9, 9 
102, 103 ss 100 67-0, 67-0 13, 13 
104 Xylene, 5 vols. 60 68°8 10 
105 Chlorobenzene, 5 vols. 60 69 9 
106 Water, to 4N 24 69 9 
107 » to2N 24 68°4 11 
108 » toN/I1 24 67°4, 68°2 13, 11°5 
109 » toN/2 24 67°6 12°5 


A*-n-Pentenoic acid on being heated alone at 150° for 24 hours yielded 2% of A®-acid, and 
3-5% in N/1l-aqueous solution under the same conditions. 

5. Action of Alkali (see Fig.).—The results tabulated below were obtained in experiments 
carried out by heating the six unsaturated acids at 150° with various amounts of aqueous 
sodium hydroxide in sealed tubes of Monax glass. The alkali was added in the form of a 
standard solution (about 2-5N) and was then diluted with the requisite amount of water so that 
the final concentration of acid + salt was always N/1. The product was acidified and worked 
up in the usual manner, the average recovery being 85% for hexenoic acids and 80% for the 
lower homologues. ‘The results for the pure aqueous solutions at the same dilution are added 


below for comparison. 
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Equilibration of A8-Hexenoic Acid by Aqueous NaOH at 150°. 
(Time: 24 hours except where stated.) 


NaOH, A+-Acid, NaOH, A*-Acid, 
Expt. equivs. : cae » Expt. equivs. [i * as 
87, 88 0 50°8, 51-2 2, * 124, 125 0°85 48°3, 48°3 18, 18 

110, 111 0°05 49°0, 49°4 5, 16 126, 127 0°95 48°6, 49 17, 165 

112, 113 0°25 45°6, 45 25 128, 129 0°98 48°6, 49°1 16°5, 16°2 

114—117 0-50 { hr = - 4: 130 1-05 40°7 35°5 

118, 119 0°60 42-6, 41°8 33, 3 131 1:20 24 66 
20— 19% 75 { 45-2, 46 j 132, 133 1:50 * 20°9, 21°3 71, 70 

120—123 0°75 147, | 45°8 i 

* 8 hours. 


Expts. 134—136. Sodium A%-n-hexenoate was prepared by exact neutralisation of the acid, 
and precipitated by the addition of alcohol, ether, and acetone. At 150° the salt tautomerised 
in aqueous solution at concentrations N/1, 2N, and 4N to the extent of 15-5, 16-5, and 16% 
respectively (cf. Expts. 128, 129). 

As-n-Hexenoic acid gave the following figures (150°, 24 hrs.) : 


137 0 2°7 97 140 “Ti 9°8 87 
138 0°25 78 90 141 “9: 40 95 
139 0°50 10°5 86 142 "2% 20°8 73 


An artificial mixture of At- and Af-n-hexenoic acids corresponding to the equilibrium (74%, 
A*-) was similarly treated but the composition was unchanged : 


Expt. Equilibrium mixture Final compn.; A-, %. 
143 + Water to N/1 74 
144 + 0°5 equiv. NaOH in water to N/1 74 
145 + 0°95 equiv. NaOH in water to N/1 74 


A number of parallel experiments with various amounts of aqueous sodium hydroxide were 
carried out on Af-n-hexenoic acid at 100°. These are not recorded in detail, as, although the 
changes were small, they confirmed the results obtained at 150° in all respects. It is noteworthy 
that a slight change was observed in both the pure acid and the neutral sodium salt in aqueous 
solution at 100°, i.e., conditions corresponding to those of the processes used in preparative 


work. 
The n-pentenoic acids gave the following results in N/1-solution (150°, 24 hrs.) : 


Expt. Initial acid. NaOH, equivs. .., As-Acid, %. 
146, 147 AB- 0 i7° 2 13, 11°5 
148 = 0°05 34°6 17°5 
149 - 25 
150 ee 30 
151 oe 32°5 
152 26°5 
153 20°5 
154 13 
155 27°5 
156 60 
157 70 
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Expts. 163—166. Sodium A*-n-pentenoate, prepared in the same manner as the higher 
homologue, was heated at 150° for 24 hours in water at concentrations 4N, 2N, N/1, and N/2. 
The observed changes were 16, 14, 13, and 13-5% respectively (cf. Expt. 154). 

Equilibrations of butenoic acids (cf. Bruylants, Bull. Soc. chim. Belg., 1924, 33, 334). These 
show certain differences from the higher homologues and are therefore considered separately. 
The experiments were carried out in sealed tubes at 150° and 100° under the usual conditions. 
The acids showed a much greater tendency to polymerise and it was necessary to distil the 
acid products under reduced pressure before analysis. 

ss 
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Expts. 167, 168. Vinylacetic acid (A8-) heated for 24 hours at 150° yielded 15-5% A-acid ; 
in 100 hours, 38%. 

Expt. 169. transCrotonic acid (A2-) heated for 100 hours at 150° yielded 30% of a non- 
volatile polymeric acid (possibly the dimeride; cf. Skau and Saxton, J. Amer. Chem. Soc., 
1930, 52, 335) and a butenoic acid fraction, equiv. 85-8 (calc., 86-1), m. p. 69—70°, J 2%, cor- 
responding to 99% Az-acid. 

Expt. 170. transCrotonic acid, heated for 24 hours at 150° with 1} equivs. of sodium hydr- 
oxide, gave after distillation a product with equiv. 86-1, m. p. 62—64°, J 3%, corresponding 
to 98% As-acid. The low m. p. is attributed to the presence of a little isocrotonic acid (cf. 
Morrell and Hanson, J., 1904, 85, 1520; Skau and Saxton, /oc. cit.). 

The following results were obtained by the equilibration of the Af-acid in N/1l-aqueous 
solution with various amounts of alkali, 80% of butenoic acid free from hydroxy-acid being 
recovered : 


NaOH, Time, As-Acid, NaOH, Time, 
t. equivs. Temp. hrs. /, %. %- Expt. equivs. Temp. hrs. J, %. 
0 150° 24 49 180 0°60 150° 55 
0°25 97 181 5 = 60°8 
0°5 97 182 62 
0°75 96 183 68°9 
0°95 93 184 51 
1°5 96 185 6°6 
0 12°5 186 71-2 
0-05 21 187 73:1 
0°25 30 188 4 
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In Expts. 172—176 the change is so fast that the peak on the acid side of neutrality cannot 
clearly be seen, but it is obvious in the experiments (Nos. 177—184) for the shorter time. The 
sharp inflexion on the alkaline side of neutrality is particularly clearly shown (Expts. 183—185). 

6. Equilibrations under Standard Conditions (J., 1927, 2579).—The six acids were treated with 
10 equivs. of 25% potassium hydroxide at 100° in stout bulbs of Monax glass, the equilibrated 
products being distilled in steam. 


Time, At-Acid, Time, 
Expt. Initial acid. bes. J, %. ye Expt. Initial acid. _ 5.4 
189 A8-n-Hexenoic 48:1 19 198 A&-n-Pentenoic 58°2 
190 ” 41°3 33 199 49°8 
191 me 31°8 51°5 200 38°9 
192 Pa 22°8 69 201 33 
193 se 19°3 73°5 202 se 31 
194 A*-n-Hexenoic 7 90 203 A®-n-Pentenoic 13°4 
195 1l-¢ 84 204 dl 19 
196 15°6 78°5 205 om 24:2 
197 19: 73°5 206 " 31 
207 As-n-Butenoic 24 3 
208 A&-n-Butenoic 10 mins. (Solid crotonic 
acid, m. p. 70°.) 


DS te CO RDS rl 
NS te CO im DO to 


These results have been used in compiling the table on p. 617. It is remarkable that the velocity 
of equilibration of At-hexenoic acid under these conditions seems to be greater than that of 
the A&’-acid (0-9 against 0-6) whereas the velocities of the two pentenoic acids are the same, 
as is required by theory. 

7. Effect of Concentration of Tautomeride——The experiments described below show that 
the concentration of tautomeride, unlike that of free alkali, is without influence on the velocity 
of equilibration in alkaline media. The solutions were made up so that, although the final 
concentration of sodium hydroxide was always N/1, that of the sodium salts varied over the 
following range : 


Salt Sodium A8-n-hexenoate. Sodium A8-n-pentenoate. 
Solution A B Cc D E F G H 
Concn., g./c.c. 0°136 0°068 0°027 0°0136 0-122 0°061 0°024 0°0122 
Normality 1:0 0°5 0-2 01 10 05 0-2 01 


The solutions were heated in sealed bulbs (Monax) at 100° with the results shown below. The 
experiments over similar times show almost exact agreement, and the other results also fall 
into line : 
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Time, Ae-Acid Time, At-Acid 
Expt.  Soln. hrs. formed, %. Expt.  Soln. hrs. J, %- formed, %. 
209 , 5° | 218 84 44°5 28 
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210 5 26 219 5 44 29 | 
211 p 27 220, 221 43°5,43°5 = 31, 31 
212 é 26 222 62°7 21°5 
213, 214 52°6, 52°5 8, 8 223 j 21 
215, 216 5, 18, 18 224 G 63°5 20 
217 y, j 24 225 H 63 21 


8. Attempted Equilibration of Neutral Substances.—Ethyl Af-n-hexenoate was prepared by 
partial esterification of the acid (Sample 1) and through the silver salt (Sample 2) (cf. Kon, 
Linstead, and Maclennan, J., 1932, 2454). Expt. 226. Sample 1 was heated for 7 days at 150° 
in a sealed tube and then distilled. The recovery of ester of constant b. p. was 95% and there 
was no residue (Sample 3). Expt. 227. Sample 2 was heated for 24 hours in a sealed tube at 
150° with 0-2 vol. of A8-n-hexenoic acid. The ester was recovered in 95% yield (after distillation) 
from the neutral extracts of the equilibration (Sample 4). These four specimens had the 
following almost identical properties : 


J. o/ i tn) 
as. — n®*. (Lr. at 18°). Sample. B. p./mm. @2". mB", (1 hr. at 18°). 
0°8955 08957 14252775 


1°4252 78 3 55°/7 
0°8956 = 1°4255 78°5 + 58 /9 0°8957 174255 78 


Sample. B. p./mm. 
1 58°/9 
2 57 /8 
A similar experiment was carried out with A&’-n-butenonitrile (allyl cyanide) and vinylacetic 
acid, but was vitiated by the fact that much high-boiling material was formed from the nitrile. 
The acid yielded 60% of the At-isomeride; the recovered nitrile was the practically pure 
A8-isomeride. 


IMPERIAL COLLEGE, LoNDoN, S.W. 7. [RReceived, February \st, 1934.] 
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Catalysis in Ketones and Esters. 
By G. A. R. Kon and K. S. NARGUND. 


Ir was shown in Part II (Kon, J., 1931, 248) that certain unsaturated ketones capable of 
tautomerism could be converted into equilibrium mixtures with the aid of mineral acids, 
and that the proportion of tautomerides formed was the same as that produced by alkaline 
catalysts; e.g., cyclohexylideneacetone was converted to the extent of some 77% into 
cyclohexenylacetone. 

The experiments now described were undertaken with the object of testing the applic- 
ation of this reaction to other suitable ketones and also to unsaturated esters; the important 
bearing of this on the esterification of unsaturated acids by the customary methods is 
obvious. 

Ketones.—The examples selected for study were the four isomeric homomesitones 
C,H,,0 (Abbott, Kon, and Satchell, J., 1928, 2514; Kon and Leton, J., 1931, 2496) : 


(I.) CMeEt!CH-COEt == CHMe?CMe:CH:-COEt (II) 
(I1I.) CMeEt?CMe-COMe == CHMe?CMe-CMe:COMe (IV.) 


The conditions of equilibration and the method of analysis were those used in Part II 


(loc. cit.); mobilities were calculated as before (Kon and Linstead, J., 1929, 1269). 


Ketone. Catalyst. 
I and II HCl 
H,SO, 
x H,PO, 
III and IV HCl 
H,SO, 
H,;PO, 


” 


” 


” 


Mobility, 
0-093 
0°0337 
0:0047 
0°0137 
0-00474 
0:00169 


Half-change. 
period (mins.). 


9°4 

20°5 
147 
51 
146 
410 


% At- at 
equil. 
58 
57 
57 
18 
18 
18 
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From these results it will be seen that (i) the order of catalytic activity is HCl > H,SO,> 
H,PO,, (ii) the mobility of the ketones (III) and (IV) is much less than that of (I) and 
(II), as already observed with alkaline catalysts, although the difference is not quite so 
pronounced. No great importance attaches to the mobility values, for the rates observed 
fluctuate somewhat widely (see Experimental); but the retarding effect of the «-methyl 
group in (III) and (IV) is clearly seen, whilst its effect on the equilibrium is also similar 
to that previously noted. (iii) The point of equilibrium in the ketones (III) and (IV) is 
the same as that previously determined, but in the pair (I) and (II) it is considerably 
nearer the A®-side than the value (67% A*-) found with alkaline catalysts; the difference 
is sufficiently large not to be adventitious. It must therefore be concluded that the 
equilibria attained with acid catalysts are not necessarily the same as those produced in 
the presence of sodium ethoxide. 

Some experiments have also been carried out on the isomerisation of zsopulegone to 
pulegone in non-aqueous solvents with trichloroacetic acid as a catalyst. The change 
proceeds at a convenient rate at 25° with 2N-solutions of ketone and acid and goes to 
completion, as previously observed (Kon, Joc. cit.); it is much more rapid in chloroform 
than in acetone or acetonitrile, the mean mobilities being 0-10, 0-041, and 0-042 respectively ; 
it cannot, therefore, depend on the dielectric constants of the solvents, for these are 5:1, 
21-5, and 38-8 respectively. Further experimental work is required before the full im- 
plications of this observation can be profitably discussed. 

Esters.—Similar treatment with mineral acids was also applied to esters, except that 
higher concentrations of reactants were used (2 equivs. of 2N-acid in alcoholic solution) 
and final equilibria were checked with 10 equivs. of 8N-acid; this is necessary because 
equilibrations with 2N-hydrogen chloride do not proceed to completion. For this reason 
no quantitative significance can be attached to the mobilities determined with this acid ; 
and even with sulphuric acid the rates observed, calculated on the assumption of a uni- 
molecular reaction, fluctuate within wide limits and are only approximate. Nevertheless, 
the same value for the composition of the equilibrium mixture is obtained with hydrogen 
chloride and with sulphuric acid in every case and analysis shows that little or no addition 
of alcohol, etc., takes place; the equilibrium values can therefore be regarded as sufficiently 


reliable. 
Mobility Mobility °% aa at 
Ester (4®-form). with HCl. with H,SO,. equil. 


cycloPentylideneacetic : 0-198 52 [60] * 
a-Methylcyclopentylideneacetic : 0°057 75 [88] 
cycloHexylideneacetic : 0°0183 25°5 [38] 
B-Methylpentenoic 4 : 0:0086 60 [75] 
4*-Hexenoic i nil 100 [92] 
48-Hexenoic i nil 0 [92] 


* Equilibrium points attained with sodium ethoxide are given in brackets. 


The most striking fact observed is that the isomeric hexenoic esters are not changed 
at all, in sharp contrast with the rapid equilibration with sodium ethoxide (Kon, Linstead, 
and Maclennan, J., 1932, 2454), which might be connected with the rapid addition of alcohol 
to the double bond of the A*-form, causing artificial disturbance of the equilibrium; but 
this does not account for the change from the A*- to the A*-form, which definitely does 
occur (Kon, Linstead, and Maclennan, Joc. cit.). .A somewhat similar behaviour has, 
however, been noted in the esters of the citraconic group; these are inert to acids but are 
rapidly equilibrated on treatment with sodium ethoxide (Kon and Coulson, J., 1932, 
2568). 

Another significant fact is that the equilibrium points of the other esters differ con- 
siderably from those ascertained with sodium ethoxide, being nearer the A-side, just as 
in the case of the ketones (I) and (II); the equilibrium evidently depends on the nature 
of the catalyst. 

The effect of the «-methyl group in retarding tautomeric change is again noticeable, 
but the order in which the esters can be arranged according to their mobilities is not the 
same as that determined in the presence of sodium ethoxide, the positions of B-methyl- 
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pentenoic and cyclohexylideneacetic esters being interchanged. This order is also different 
from that of the mobilities of the corresponding acids in alkali (cf. Kon and Thakur, J., 
1930, 2217; Goldberg and Linstead, J., 1928, 2343; Linstead, J., 1927, 2579; Kon, 
Linstead, and Wright, this vol, p. 599). 

The complete lack of mobility of the hexenoic esters is in good agreement with the fact 
that perfectly homogeneous esters are obtained on esterifying the two acids with alcoholic 
sulphuric acid or by the Fischer-Speier method. All the other acids now examined give 
esters containing appreciable amounts of their isomerides, and the extent of isomerisation 
is invariably greater with hydrogen chloride than with sulphuric acid (Table I). The 
conversion occurs during or after esterification, because the unesterified acids recovered 
in these experiments are in all cases the pure initial materials. 


TABLE I. 


Isomerisation, %%. TIsomerisation, %. 
With With With With 
Acid. .  #H,SO,. Acid. HCl. H,SQO,. 
cycloPentylideneacetic y cycloHexenylacetic 7 
cycloPentenylacetic ¢ 22 B-Methyl-A42-pentenoic ... é 1 
a-Methylcyciopentylideneacetic ... 6 B-Methyl-a8-pentenoic ... 14 
a-Methylcyclopentenylacetic 4*-Hexenoic i nil 


8 
cycloHexylideneacetic 15 A8-Hexenoic i nil 


In attempting to correlate these observations it is thus necessary to account for three 
seemingly anomalous facts; the incomplete interconversion of esters with dilute hydrogen 
chloride, the lack of mobility of the hexenoic esters, and the shifting of the equilibrium 
towards the A-side in the mobile esters and also in the ketones (I) and (II). The last 
difficulty appears at first sight to be the least, for some differences may be anticipated as 
the result of differences in the temperatures at which alkaline and acid equilibrations are 
carried out (25° and 100° respectively); if the change from A*- to A®- is accompanied by 
absorption of heat, the difference expected would be in the sense observed, although it 
is doubtful whether it would be of sufficient magnitude. The addition of alcohol to the 
A*-form, observed in alkaline equilibrations, would also cause a displacement of the 
equilibrium in the required direction, but again it is questionable whether the small amount 
of addition observed could cause such large displacements. 

The incomplete equilibration with dilute hydrogen chloride suggests that the mode of 
action of this catalyst is specific, for although it causes some isomerisation, no equilibrium 
as such is produced; the gradual diminution of the velocity constants, calculated on the 
assumption of a unimolecular reaction mechanism (see Experimental), shows this clearly. 

It is therefore necessary to admit the possibility that the changes now observed in esters 
are only formally tautomeric, for although a mixture of isomerides in definite proportions 
is produced in some cases, there may be no direct interconversion of the two forms. An 
explanation of this nature has been put forward by Linstead and Noble (Part III, p. 611) 
and the facts so far ascertained are consistent with it, particularly the lack of mobility of 
the hexenoic esters. An alternative would be the formation of a co-ordination complex 
on the lines suggested by Carothers and Berchet (J. Amer. Chem. Soc., 1932, 55, 2807) 
and by Johnson (ibid., p. 3029) to account for some abnormal reactions of three-carbon 
systems. It is proposed toinstitute experiments to determine whether the latter mechanism 
applies to the cases under discussion. 


EXPERIMENTAL. 


Materials.—The ketones (I), (II), (III), and (IV), prepared as described by Abbott, Kon, 
and Satchell (/oc. cit.) and by Kon and Leton (loc. cit.), were regenerated from their semicarb- 
azones by Kon’s method (J., 1930, 1616) with the exception of (II), which was used without 
purification. The ketone (IV) was obtained solely from the semicarbazone, m. p. 163°, and was 
therefore Kon and Leton’s form 6. On one occasion a semicarbazone of m. p. 162° was obtained, 
which depressed the m. p. of the semicarbazone of m. p. 163°; the ketone regenerated from 
it, b. p. 53°/11 mm., d%° 0-8542, mp 1-4367, had an iodine addition of over 100%, the solution 
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being completely decolorised in 2 minutes. This ketone could not be equilibrated and was 
recovered completely unchanged after 240 minutes’ heating with alcoholic sulphuric acid; 
a semicarbazone, m. p. 162° without purification, was formed from the product of this experi- 
ment. On ozonolysis, acetaldehyde was produced from it, but no trace of formaldehyde, 
which would have been formed from the isomeride CH,;CH*CHMe-CHMe*COMe; the second 
oxidation product was not identified. 

Fresh attempts were made to synthesise the ketone (II) by the action of ethyl-zinc or 
-magnesium iodide on the chloride of the pure A*-6-methylpentenoic acid, which has only 
lately become available (Kon, Linstead, and Wright, /oc. cit.), but without success, although 
its At-isomeride was readily obtained by the same method from the A-acid. isoPulegone was 
prepared as described by Kon (/oc. cit.), and the esters as described by Kon, Linstead, and 
Maclennan (/oc. cit.) and by us (J., 1932, 2461); the pure acids were the specimens described 
there. 

Acetone and acetonitrile were dried over calcium chloride for a week and redistilled before 
use; chloroform was previously washed with water. A. R. Trichloroacetic acid was dried in 
a vacuum over phosphoric oxide before use. 

Procedure.—The equilibration of ketones was carried out as described in Part II (Joc. cit.). 
For that of esters, 2N-solutions of dry hydrogen chloride and of pure sulphuric and phosphoric 
acids in absolute alcohol were used, the requisite quantity being added to 2—3 g. of the ester 
previously weighed into a tube, which was then sealed, and treated as usual. 

The analysis of mixtures of ketones and of esters was carried out iodometrically with the 
aid of reference curves given by Abbott, Kon, and Satchell (/oc. cit.), Kon (J., 1931, 248), Kon 
and Leton (/oc. cit.), Kon, Linstead, and Maclennan (/oc. cit.), and by us (loc. cit.). The physical 
properties of the products were determined in every case as a check, but are not quoted. 

Results.—These are given below. Ketones (I) and (II) were recovered to the extent of only 
30—60% in the longer experiments with hydrogen chloride, and final equilibria were determined 
by using a mixture of the two ketones. The recovery with sulphuric and phosphoric acids was 
70—80%,. 

Re- Time, ky + 
% At-. keg. 
36:0 0:0328 
46°0 0°0268 
54°0 — 
56°5 — 
58°0 — 
88:2 0:00553 
76°0 0°00692 
69°8 0°00388 
6:0 0°00367 
23°0 0°00425 
40°0 0°00495 
48°0 0°00375 
57°0 — 
60°0 — 


Re- Time, ky 

Material. agent. mins. o at. Reg. Material. agent. mins. 
(i) HCl 10 0:0729 (II) H,SO, 30 

a Pr 20 0-0698 Ss ‘a 60 
" se 30 0:0828 a a 480 
(II) 10 0-151 Mixture “- 60T 
20 0-106 “ 240 
30 0:0781 (I) 60 
— oe 120 

— - 360 

— (II) 30 

0°0365 ie 120 
0-0243 ie 240 
0°0415 * 480 
0:0419 Mixture 480 
0:0370 es 967f 
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60* 
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10 
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” ” 60 
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The sample marked * had d>° 0-8532, np 1-4454, and was analytically pure (Found: C, 75-9; 
H, 10-8. Calc.: C, 76-2; H, 11-1%); those marked + and t both gave C, 75-7; H, 10-9%. 


(III) HCl 160 90:0 0-0130 (IV) H,SOQ, 120 868 180 — 
21-9 85:0 0-0134 x v3 300 810 20 — 
74:0 00127 Mixture  ,, 45 868 182 — 

52-0 0°0156 (III) H,PO, 30 83 95:8 000173 

1830 = — # 120 208 860 0-00156 

— — 270 40°4 50:4 0-00165 

“ll > 540 66:0 46:0 0-00198 

868 0:00493 i , 1080 760 340 0-00151 

640 000481 30 880 160 0:00837 

48-0 0-00478 60 925 40 0:0366? 

46-0 000447 120¢ 853 210 — 

2400 02=«— 300 832 240 — 

oo -— ‘ 1080 781 310 — 

1460 8 — Mixture 180 874 183 — 
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Both the sample marked * and that marked { were analysed and gave low figures for carbon 
(74-5 and 73-5% respectively) and had therefore undergone somewhat extensive decomposition ; 
the mixtures obtained by prolonged heating must therefore be ignored, and for this reason 
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the final equilibrium point was determined by treating a suitable mixture of ketones (containing 
22-7% of A-ketone) for a shorter time. The sample marked { gave correct figures on analysis 
(Found: C, 75-8; H, 10-9%). The iodometric method of analysis, however, measures the 
amount of unsaturation and therefore of the A’-form present; for this reason, even if some 
addition of alcohol, hydrogen halide, etc., occurs after long periods of heating, as denoted by 
a low carbon content, the amount of unsaturated material determined iodometrically still gives 
a correct estimate of the Af-ketone present. 

An experiment was made to see whether Kon and Leton’s form a of the ketone (IV) is pro- 
duced on equilibration of the form 6. A quantity of the latter (J, 96-4%) was heated with 
alcoholic sulphuric acid for 5 hours, and the recovered ketone treated with aluminium amalgam 
to remove any A*-ketone. The ketone then had b. p. 55°/14 mm., d%° 0-8549, mp 1-4386, J 
93-5%; the amount of conversion was therefore small. 

Experiments with isoPulegone.—Equal volumes of 2N-solutions of pure isopulegone and of 
trichloroacetic acid were mixed after having been kept in a thermostat at 25° for 0-5 hour; 
20 c.c. samples were removed at intervals, poured into dilute sodium carbonate in slight excess, 
and the ketone recovered as usual and its composition determined iodometrically. 


Time, Pulegone, Time, Pulegone, 

Solvent. hrs. ; %. ky + hep. Solvent. ba. §6€=s so J, GS. » * ky + he. 
CHCl, 2 ; 36-0 0°223 COMe, 10 54°6 36-0 0:0446 
5°5 , 50°0 0°126 a 24 40°0 63-0 0°0414 

15 s 68-0 0-078 > 48 35°8 69°0 0°0244 

31 ‘ 91-0 0:078 ‘a 96t 18°6 94:0 — 

96 , 96-0 — MeCN 2 62°9 10-0 0°0527 

" 148* ; 100°0 —_— pe 9 55°0 34:0 0:0581 

COMe, 55 ; 24:0 0:0498 ‘a 18 45°2 55:0  0°044 

‘ 48 40°0 63-0 0:020 


The samples marked * and ¢ gave on analysis C, 78-4, 78-6; H, 10-4, 10-3 (Calc.: C, 78-9; 
H, 10-5%). 
Equilibrations of Esters—Ethyl cyclopentenylacetates. 


Re- Time. ky + Re- Time, ky t+ 
Ester. agent. hrs. /(% Sa me Ester. agent. hrs. 1%: % Oa Ry. 
2N-HCl 05 12-0 90°70 0°466 48. 2N-HCI 4 64°9 35°0 0:279 
1 17°9 84:0 0°405 ” oe 14 63°5 37°0 0°0887 
+ 22-0 790 0-144 i 47 57°8 42:0 0°0345 
16 30°3 71:0 0°0578 ” ” 110 58°1 42-0 _— 
47 33°4 68:0 0:0234 o » 240 58°2 42-0 — 
a 110 39°1 61:0 0°0121 At 8N-HCl = 24* 49°0 51:0 _— 
a8. 05 810 156 0-680 a8- a 16-5 466 53:0 — 
“6 1 76°2 23°0 0°583 
The equilibrium thus appears to lie between 51 and 53% of As-ester, but the intercon- 
version with 2N-acid comes to a standstill after some 100 hours’ heating. A mixture containing 
60% of As-ester was not altered in composition after 114 hours’ heating with 2N-acid. The 
samples marked * and + were analysed (Found: C, 69-6, 69-5; H, 9-1, 9-0. Calc.: C, 70-1; H, 
9-1%). Owing to the steady diminution of mobility with the progress of the reaction, a true 


estimate of this value was not possible. 
In contrast to their behaviour with hydrogen chloride, the two esters readily attain equili- 


brium with sulphuric acid. 


0-151 a8 2N-H,SO, 1 ‘8 25:0 0°654 
8° 0-133 es th 4 ‘1 34:0 0-265 
24: 0 0-162 . 14 ‘7 460 0:154 
14 33° ‘0 0-083 s ze 47t 0 520 — 
47* 48 A*- 8N-H,SO, 24 6 530 — 
ab- 05 82 24 0 50 — 


2N-H,SO, 05 6 


0- 
1 
4 


0°626 ab. ” 


The values obtained with 8N-acid are higher in At-content, probably owing to addition. The 
samples marked * and + were analysed (Found: C, 69-4, 69-7; H, 9-1, 9-0. Calc.: C, 70-1; 
H, 9-1%). 

Ethyl a-methylcyclopentenylacetates. Here again the mobility of the esters diminishes 
considerably on treatment with dilute hydrogen chloride, but remains fairly constant with 
sulphuric acid. 
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The samples * and + were analysed (Found: C, 71-0, 70-9; H, 9-4, 9-6. Calc.: C, 71-4; H, 
9-5%). The equilibrium mixtures obtained with 8N-sulphuric acid were mixed and analysed 
(Found : C, 70-5; H, 9-5%); they had evidently undergone a somewhat more extensive change. 

Ethyl cyclohexenylacetates. The A&’-ester employed in these experiments was prepared 
by the partial esterification of the pure acid, under the conditions of Kon and Thakur (/oc. cit.), 
and was evidently purer than the specimen used by Kon and Linstead (loc. cit.) as it had a 
somewhat higher iodine addition. One specimen had d}" 0-9751, np 1-4612, J 79-2%; the 
other d%" 0-9777, mp 1-4617, J 79-2%. The As-ester was very similar to Kon and Linstead’s 
specimen. A new reference curve for the analysis of mixtures was constructed from the following 
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The samples marked * and { were analysed (Found : 


71-4; H, 95%). 


50 
50-0 
Re- 
agent. 
7°5N-HCl 
2N-H,SO, 


8N-H,SO, 


C, 71-1, 69-8; H, 9-4, 9-2. 
The two samples marked { were mixed and analysed (Found: C, 71-1; H, 
It will be noted 
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9-4%); the esters evidently had not undergone appreciable decomposition. 
that interconversion with dilute hydrogen chloride does not proceed to completion. 


2N-HCl 


4 
18 
36 
72 

1 

4 
24 


Ethyl 8-methylpentenoates. 
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The samples marked * and { were analysed (Found: C, 67-1, 66-9; H, 9-9, 9-5. Calc.: C, 
67-6; H, 99%); they had therefore undergone some change. The specimens marked { were 
mixed and analysed (Found: C, 67-3; H, 9-8%); they were evidently essentially unchanged. 
The values for the mobility obtained with hydrogen chloride are too erratic for the calculation 
even of an approximate constant. 

Ethyl hexenoates. These esters remained unchanged on treatment with dilute or concen- 
trated hydrogen chloride or sulphuric acid and did not suffer addition. An experiment with 
ethvl B-ethoxyhexoate, formed by the addition of alcohol to the A*-ester (Kon, Linstead, and 
Maclennan, Joc. cit.), showed that this ester also remains completely unchanged on treatment 
with concentrated or dilute acids. 

Esterification Experiments.—In order to make the experiments comparable amongst them- 
selves, the following procedure was adopted: 5-0 g. of the pure acid was heated in a sealed 
tube with 10 c.c. of 2N-alcoholic acid for 4 hours to 100°. The contents of the tube were then 
poured into about 150 c.c. of water, and the mixture twice extracted with ether. The extract 
was washed with water, 10% aqueous sodium hydroxide, again with water, dried, evaporated, 
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and the residue distilled (yield 4-5—5-3 g.). The physical properties of the ester were determined 
in every case but are not quoted; its composition was ascertained iodometrically, the results 
being given in Table I. The alkaline washings allowed small amounts of As-acids to be recovered 
on acidification and extraction; the esterification of the Af-acids was complete. The isomeric 
a-methylcyclopentenylacetic acids were an exception, as 1-1—1-6 g. of unesterified acid were 
recovered in every experiment; these acids were found to be unchanged. 
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for grants. 
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130. The Reactivity of Resorcinol Monoalkyl Ethers towards 
Diazonium Compounds. 


By HERBERT H. Hopcson, Ratpu J. H. Dyson, and (in part) HuBERT Cray. 


ALTHOUGH resorcinol monomethy] ether is nitrosated almost entirely in position 6 (Hodgson 
and Clay, J., 1929, 2775), it couples with diazotised aniline in sodium acetate-acetic acid— 
water, at first solely in position 4; any excess (over 1 mol.) of the diazo-compound sub- 
sequently couples in position 6. The product obtained by Orndorff and Thebaud (Amer. 
Chem. J., 1901, 26, 159) by pouring a solution of equimolecular quantities of resorcinol 
monomethyl ether and benzenediazonium chloride in aqueous alcohol into alcoholic 
sodium acetate, and regarded by them as 2: 4-bisbenzeneazoresorcinol 3-methyl ether, 
is now shown to be 4 : 6-bisbenzeneazoresorcinol 3-methyl ether. Although coupling in a 
sodium acetate medium takes place in the two definite stages, if caustic alkali is present 
a mixture of 4-benzeneazo- and 4 : 6-bisbenzeneazo-resorcinol 3-methyl ethers is always 
produced. A like reactivity has been found for resorcinol monoethyl ether. Coupling in 
the position 6 independent of position 4 has not been detected. 

With the mono-n-propyl and the monozsopropyl ether, coupling takes place under the 
above conditions only in 4-position. No coupling whatever occurs with resorcinol n- 
butyl ether. In all three cases, the excess of benzenediazonium chloride couples readily 
with resorcinol or @-naphthol, added subsequently. Repression of ionisation by the 
alkoxy-group has consequently progressively deactivated the 4-carbon atom as the series 
is ascended. 

The energetically coupling diazonium salts prepared from sulphanilic acid, o-, m-, and 
p-nitroaniline all couple smoothly with the above resorcinol monoalky]l ethers in position 4 
(compare also Heidelberger and Jacobs, J. Amer. Chem. Soc., 1919, 41, 1450). It is note- 
worthy that the 4-o0-, -m-, and -p-nitrobenzeneazoresorcinol 3-alkyl ethers fuse more readily 


as the series is ascended : 
" M. p. of 3-alkyl ethers. 





— 


Me. Et. Pre. PrB, n-Bu. 


4-0-Nitrobenzeneazoresorcinol 189° 167° 133° 115° 88° 
4-m- a 153 125 114 95 86 
4-p- K. 198—199 185—187 156—157 145—146 149—150 


We attribute the regularity in the three series to a form of co-ordination (I) which increases 
OH in intensity with the size of the alkyl group. 
~ The diazonium salt prepared from #-chloroaniline 
}-? <—Alkyl also gives rise, with resorcinol methyl and ethyl ether, 
x a y: to 4-azo-compounds, m. p. 142° and 133° respectively, 
si but it reacts differently with the other ethers. 

N= — ae Deans The constitutions of 4 : 6-bisbenzeneazoresorcinol 3- 

(L) 's oi methyl and 3-ethyl ethers were established by nitration, 

the 2-nitro-4 : 6-bisbenzeneazoresorcinol 3-methyl and 3- 

ethyl ethers obtained being different from the 6-nitro-2 : 4-bisbenzeneazo-compounds pre- 
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pared by coupling benzenediazonium chloride (2 mols.) with 6-nitroresorcinol 3-methyl 
and 3-ethyl ether respectively. 

4-Benzeneazoresorcinol 3-methyl and 3-ethyl ethers gave 4-benzeneazoresorcinol on 
dealkylation, and their constitutions were established by reduction to 4-aminoresorcinol 
3-methyl and 3-ethyl ethers respectively, which were also obtained by reduction of the 4- 
nitrosoresorcinol 3-methyl and 3-ethyl ethers. These amino-compounds were readily 
oxidised by potassium dichromate and dilute sulphuric acid to the corresponding methoxy- 
and ethoxy-p-benzoquinones, m. p. 140° and 120° respectively. 4-Benzeneazoresorcinol 
3-n-propyl and 3-isopropyl ethers were dealkylated to 4-benzeneazoresorcinol, and were 
readily methylated both with diazomethane and with methyl sulphate and alkali, which is 
an indication of coupling in the para-position to the hydroxyl (compare Orndorff and 
Thebaud, loc. cit.), since the isomeric 6-benzeneazoresorcinol 3-methy] ether is not methyl- 
ated by these reagents. 

EXPERIMENTAL. 


General Coupling Process.—A solution (30 c.c.) of the diazotised aniline (2 g.) at 0°, in which 
free nitrous acid and free hydrochloric acid had been destroyed by urea and sodium acetate 
respectively, was added during 90 minutes to a vigorously stirred solution of the resorcinol 
monoalky] ether (Me, 2-8 g.; Et, 3-1 g.; etc.) in ethyl alcohol to which had been added a saturated 
aqueous solution of sodium acetate (4 g.). After 2 hours’ stirring, the azo-compound was 
filtered off, washed with water, and dried. In the individual descriptions below, the colour 
with concentrated sulphuric acid is given in parentheses after the m. p. 

Monoazo-compounds.—4-Benzeneazoresorcinol 3-methyl ether crystallised from alcohol in 
yellow needles and from benzene in orange-red micro-plates, m. p. 137—138° (light red) (Found : 
N, 12-4. C,3H,,O,N, requires N, 12-3%). Methylation with ethereal diazomethane, and also 
with methyl sulphate in 10% aqueous sodium hydroxide, gave 4-benzeneazoresorcinol dimethyl 
ether, which crystallised from alcohol in long orange-yellow needles, m. p. 97° (Bechhold, Ber., 
1889, 22, 2377, gives m. p. 96—97°) (claret) (Found: N, 11-8. Calc.: N, 11-6%). 

4-Benzeneazoresorcinol 3-ethyl ether formed orange-red needles, m. p. 145°, from alcohol 
(orange) (Found: N, 11-7. C,,H,,O,N, requires N, 11-6%). 

4-Benzeneazoresorcinol 3-n-propyl ether was obtained in brick-red prisms by allowing an 
alcoholic solution of the crude product to evaporate slowly over-night; m. p. 117° (light red) 
(Found: N, 11-2. C,;H,,O,N, requires N, 10-9%). 

4-Benzeneazoresorcinol 3-isopropyl ether, obtained in the same way as its isomeride, formed 
orange-red prisms, m. p. 92° (light red) (Found: N, 11-1. C,;H,,O,N, requires N, 10-9%). 

Bisazo-compounds.—4 : 6-Bisbenzeneazoresorcinol 3-methyl ether, prepared by the general 
procedure (aniline, 4 g.) and also from 4-benzeneazoresorcinol 3-methyil ether, crystallised from 
alcohol or chloroform in light red needles, m. p. 190° (Orndorff and Thebaud, /oc. cit., give m. p. 
189—190°) (crimson) (Found: N, 17-1. C,gH,,O,N, requires N, 16-9%). The corresponding 
3-ethyl ether, similarly prepared, crystallised in light red needles, m. p. 147° (dark red) (Found : 
N, 16-4. Cy9H,,0,N, requires N, 16-2%). Both ethers are slightly volatile in superheated 
steam. 

Proof of the Sole Formation of Monoazo-compounds from Resorcinol n- and iso-Propyl Ethers, 
and of the Non-reactivity of the n-Butyl Ether—Aniline (1-6 g.) was diazotised and added to 
sodium acetate solutions containing the »- and iso-propyl ethers (1-5 g.). Each mixture was 
stirred for 45 minutes and after filtration added to an excess of alkaline 8-naphthol. The 
weights of washed and dried benzeneazo-8-naphthol obtained were 1-83 g. and 1-9 g. respectively, 
the calculated quantity (for mono-coupling only) for the excess of aniline being 1-78 g. 

The n-butyl ether (1-66 g.) was similarly treated with diazotised aniline (0-93 g.), and an 
almost theoretical weight of benzeneazo-$-naphthol (2-42 g.) was obtained. 

Proof of the Constitutions of 4 : 6-Bisbenzeneazoresorcinol 3-Methyl and 3-Ethyl Ethers.—The 
bisazo-compound (0-5 g.) was slowly added to nitric acid (10 c.c.; d 1-42), and the mixture 
heated at 30—40° for 30 minutes and poured on ice. 2-Nitro-4 : 6-bisbenzeneazoresorcinol 
3-methyl ether crystallised from alcohol in light brown needles, m. p. 228° (orange) (Found : 
N, 18-8. C,,H,;0O,N, requires N, 18-6%), and 2-nitvo-4 : 6-bisbenzeneazoresorcinol 3-ethyl ether 
in brilliant light red needles, m. p. 225° (yellow) (Found: N, 18-0. C,.9H,,0,N, requires N, 
17-9%). 

6-Niiro-2 : 4-bisbenzeneazoresorcinol 3-methyl ether, prepared by coupling benzenediazonium 
chloride (2 mols.) with 6-nitroresorcinol 3-methy] ether (1 mol.) by the general process, crystal- 
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lised from alcohol in long golden-yellow needles, m. p. 142° (yellow) (Found: N, 18-6%). 
6-Nitro-2 : 4-bisbenzeneazoresorcinol 3-ethyl ether, similarly prepared from 6-nitroresorcinol 
3-ethyl ether, crystallised from alcohol in light red needles, m. p. 126° (yellow) (Found: N, 
18-0%). 

Monoazo-compounds from Resorcinol 3-Alkyl Ethers and Diazotised o-, m-, and p-Nitro- 
anilines, p-Chloroaniline, and Sulphanilic Acid.—The nitroaniline (5 g.) was diazotised at 0—5° 
in a mixture of concentrated sulphuric acid (6 c.c.) and water (20 c.c.), and the product coupled 
as described on p. 630. Unless otherwise stated, the azo-compounds were crystallised from 
alcohol. 

4-0-Nitrobenzeneazoresorcinol 3-methyl ether formed orange needles, m. p. 189° (orange) 
(Found: N, 15-5. C,;H,,O,N, requires N, 15-4%); the 3-ethyl ether, orange needles, m. p. 
167° (yellow) (Found: N, 14-7. C,,H,,0,N,; requires N, 14:-6%); the 3-n-propyl ether, orange 
needles, m. p. 133° (orange) (Found: N, 14:0. C,,;H,,0O,N, requires N, 13-9%); the 3-iso- 
propyl ether, orange needles, m. p. 115° (light red) (Found: N, 14:1%); and the 3-n-buiyl 
ether, orange micro-plates, m. p. 88° (orange-red) (Found: N, 13-4. C,,H,,0,N; requires N, 
13-3%). 

4-m-Nitrobenzeneazoresorcinol 3-methyl ether formed orange plates, m. p. 153° (yellow) 
(Found: N, 15-6%); the 3-ethyl ether, orange plates, m. p. 125° (yellow) (Found: N, 14-8%); 
the 3-n-propyl ether, light yellow plates, m. p. 114° (orange) (Found: N, 14:0%); the 3-iso- 
propyl ether, orange micro-needles, m. p. 95° (orange) (Found: N, 14:1%); and the 3-n-butyl 
ether, orange needles, m. p. 86° (orange) (Found: N, 13-4%). 

4-p-Nitrobenzeneatoresorcinol 3-methyl ether formed maroon-red micro-prisms, m. p. 198— 
199° (orange) (Found: N, 15-4%); the 3-ethyl ether, bright red, lustrous, microcrystalline 
aggregates, m. p- 185—187° (orange-red) (Found: N, 14:7%); the 3-n-propyl ether, bright red 
micro-prisms, m.-p. 156—157° (orange-red) (Found: N, 14-:1%); the 3-isopropyl ether, maroon- 
red microcrystalline aggregates, m. p. 145—146° (orange-red) (Found: N, 14:0%); and the 
3-n-butyl ether, bright red micro-prisms, m. p. 149—150° (orange-red) (Found: N, 13-5%). 

4-p-Chlorobenzeneazoresorcinol 3-methyl ether formed light brown micro-plates, m. p. 142° 
(red) (Found: Cl, 13-3. C,,;H,,O,N,Cl requires Cl, 13-5%); and the 3-ethyl ether, light brown 
plates, m. p. 133° (orange-brown) (Found: Cl, 12-7. C,,H,,;0,N,Cl requires Cl, 12-8%). 

4-p-Sulphobenzeneazoresorcinol 3-n-propyl ether crystallised from hot water in maroon-red 
micro-needles which decomposed when heated (orange) (Found: N, 8-5; S, 9-7. C,;H,,0;N,S 
requires N, 8-3; S, 95%); and the 3-isopropyl ether in deep bluish-red micro-needles (Found : 
S, 9-6%). 
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131. The Nitration of Anisole. 
By P. H. GrirrirHs, W. A. WALKEY, and H. B. Watson. 


No quantitative studies of the nitration of anisole are recorded in the literature, although 
Hoeflake (Rec. trav. chim., 1916, 36, 24) refers to certain preliminary experiments of Holle- 
man and van der Linden, which appear to have been abandoned owing to the difficulty 
of obtaining a product free from dinitroanisole (compare Holleman, ‘ Substituenten,”’ 
p. 164). Qualitatively, p-nitroanisole has usually been isolated in major quantity (Holle- 
man, op. cit.), but Francis (Ber., 1906, 39, 3801) states that nitration by means of benzoyl 
nitrate results in an almost theoretical yield of the o-isomeride. 

In the present work, mononitration was secured by using molecular quantities of the 
reagents and allowing the reaction to proceed only until about 70% of the anisole had 
disappeared; 99° of this was recoverable as mononitroanisoles when acetyl or benzoyl 
nitrate was used as nitrating reagent, but nitric acid, either alone or with sulphuric acid, 
gave only 30% yields owing to loss as nitroso-compounds or tarry matter. The acyl nitrates 
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gave a high proportion (some 70%) of o-nitroanisole, but this isomeride was not formed 
exclusively, as suggested by Francis (loc. cit.). With nitric acid, however, the percentage 
of the o-isomeride did not exceed 45, and in presence of sulphuric acid was as low as 30. 
The use of an acyl nitrate has been found, in some cases, to favour o-substitution (Francis, 
loc. cit.; J., 1906, 89, 1; Pictet and Khotinsky, Compt. rend., 1907, 144, 210; Holleman, 
Hartog, and van der Linden, Ber., 1911, 44, 717; Arnall, J. Soc. Chem. Ind., 1929, 48, 
1591; Oxford, J., 1926, 2004), but in others the product is identical with that yielded by 
nitric acid (Holleman, Rec. irav. chim., 1914, 33, 11; Fliirscheim and Holmes, J., 1928, 
1612). In the present instance the difference in the o/p ratio is probably a real one, and 
not due to selective decomposition of the o-isomeride by the nitric acid, since such decom- 
position does not occur on heating for 3 hours on the water-bath. 

A study of the m. p. curves of o- and #-nitroanisoles and of the mononitration product, 
proved (by control experiments on synthetic mixtures; see below) to be free from un- 
nitrated or dinitrated material, disclosed the formation of a small quantity of the 
m-isomeride, and from the effect of this isomeride in lowering the o-f eutectic, this 
proportion is estimated at 2%. Our observations thus provide some confirmation of 
Arnall’s results (J., 1924, 125, 811), indicating a small quantity of the m-isomeride in 
the products of nitration of phenol. 

EXPERIMENTAL. 


Nitroanisoles—These were prepared by methylation of the corresponding nitrophenols 
with methyl sulphate, the product being steam-distilled from slightly alkaline solution and 
finally purified by crystallisation from 50% alcohol (m- and p-) or vacuum distillation (o0-). 
The m. p.’s of the pure isomerides were determined in an apparatus of the usual Beckmann 
type with a thermometer graduated in 0-1°. Several concordant determinations gave the follow- 
ing m. p.’s: o- 10-45°, m- 35-5°, p- 52-1° (+ 0-05°); Cowley and Partington (J., 1933, 1257) 
give 10-3°, 35-7°, and 52-0° respectively. 

o-p Fusion Curve.—The m. p.’s of various mixtures of o- and ~-nitroanisoles are as follows : 
%o- OO 1% 29 56 108 166 21:2 278 33:7 377 436 47°83 
M. p. 52°1° 51°2° 50°4° 48°85° 45°9° 42°15° 39°4° 35°05° 30°6° 28°0° 23°1° 19°55° 
% o- 652°9 56°5 60°2 64-0 67°0 67°8 70-0 75°8 87°3 94°5 100-0 
Een He’ 6°7° 19° —2°3° —3°5° —6°5° —3-3° 3°7° 78° = 10°45° 

The fusion curve is of the simple binary type, and a number of determinations of the eutectic 
gave — 7-2° (+ 0-05°). 

Effect of m-Nitroanisole upon the o-p Eutectic. 


m-Nitroanisole added, % .«.......sssseeeeee 0 1-08 2°22 2-96 3°46 
DINED. - cbincsuienbssebisadinceupbiienieaieess —7-2° —7°5° —7-9° — 8°2° — 8°45° 


Effect of Dinitroanisole upon the Eutectic and upon the Nitro-content.—2 : 4-Dinitroanisole 
was prepared as directed by Meldola and Woolcot (J., 1896, 69, 1330). A mixture of 2: 4- 
and 2 : 6-dinitroanisoles was obtained by nitration of o-nitroanisole (Holleman, Rec. trav. chim., 
1903, 22, 263). An examination of the effect of these upon the o-p eutectic and upon the total 
nitro-content (determined by titanous chloride, accuracy of method + 0-5%, and calculated 
as mononitroanisole) gave the following results : 


2 : 4-Dinitro-. 2:4 + 2: 6-Dinitro-. 
Dimitroamiadle, 9% ..ccsccccccccsecscees 0 1-92 3°00 2°00 
BGS s ceccvessecsecsccsvcesssccitebete —7:2° —7°75° —8:1° —7'8° 
Mononitroanisole, °, (apparent) ... 99°8 100°9 101°3 101-2 


These experiments show that a quantity of dinitroanisole sufficient to cause the observed 
lowering of the eutectic from the actual nitrations would have been detected in the determination 
of the nitro-compounds by titanous chloride. 

A mixture of o- and ~-nitroanisoles containing 1% of anisole and 1% of mixed dinitroanisoles 
was distilled at 10 mm. Anisole distilled at 50°, and nitroanisoles at about 130—132°. A 
small quantity of liquid remained at 190°. A titanous chloride determination on the ‘‘ mono- 
nitro” fraction gave 102%, indicating decomposition of the dinitroanisole, which was con- 
firmed by the appearance of a yellow colour when the distillate was shaken with N-sodium 
hydroxide. The nitration products never showed these characteristics. 
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Nitrations—The anisole was washed with alkali and then with water, extracted with ether, 
dried, and fractionated. In Expts. 1—9 (below), nitric acid (1 mol.) was dissolved in the 
particular medium employed, and mixed with anisole (100 g., also in solution for Expts. 5—9), 
the mixture being stirred mechanically. Preliminary experiments indicated the time necessary 
for approximately 70% of the anisole to react, and also the most suitable temperature. The 
product was made slightly alkaline, steam-distilled, extracted with ether, the extract dried, 
the ether evaporated, and the residue fractionated under reduced pressure, the unchanged 
anisole thus being removed completely (see below). The nitro-content was then determined 
by titanous chloride (standardised by pure nitrophenol or nitroanisole), and the mixture of nitro- 
anisoles subjected to thermal analysis. Nitrations 1—6 led to the formation of much tar, 
and also of a green colour (nitroso-compounds) which turned brown on addition of alkali (com- 
pare Baeyer and Knorr, Ber., 1902, 35, 3034). For Expt. 10, the benzoyl nitrate was prepared 
from silver nitrate and benzoyl chloride (Francis, Joc. cit.), dissolved in carbon tetrachloride, 
and added to excess of anisole in the same solvent. The pasty mass (containing benzoic acid) 
was treated as above. 

The efficiency of the process adopted for the isolation of the nitration product was demon- 
strated as follows: 10 g. of anisole were added to 50 g. of the eutectic mixture of o- and p- 
nitroanisoles, and the whole fractionated under reduced pressure. The resulting mixture gave a 
eutectic at — 7-2°, and the correct nitro-content (by titanous chloride) for mononitroanisole. 
Complete removal of anisole had therefore occurred, with no decomposition of nitroanisoles. 

Thermal Analysis of Nitration Product.—This was conducted as in the case of the synthetic 
mixtures. In Expts. 7—10, the composition of the product of nitration was very close to that 
of the eutectic mixture, and it was necessary to add a weighed quantity of one isomeride before 
determining the m. p. Control experiments indicated the accuracy of this procedure. 


(1) Nitration by nitric acid. 


Nitro- Pe 
anisole Composition of pro- 
Expt. Time __ in pro- duct (%). 

No. Nitrating agent. Temp. (hrs.). duct,%. M.p. Eutectic. 0. m. p. 
1\ : - . f 100°3 248° —76° 396 14 59° 
af SEE Tee 45 45 (1002 «23-9 755 041-2 TS 
3} HNO, (d 1°42) + 45 45 { 997 309 —7'7 313° «17670 
4 H,SO, (equal vols.) 99°5 31°6 —77 30°8 1‘7 67°5 
+ 5% (w/v) HNO, in ‘ 99°4 20°6 —7-65 45:0 15 53°5 

i i 65 3 . ° —7°R5 5 . at 
acetic acid 100-2 21°9 7°65 43°5 15 55°0 


(2) Nitration by an acyl nitrate. 
The following reagents were used : (7) 10% HNO, (d 1-5) in Ac,O; (8) and (9) 15% HNO, 
(d 1-42) in Ac,O, the % in each case referring to w/v of actual HNO,; (10) benzoyl nitrate in 
CCl,. 
: Nitro- 


anisole Wt. Wt. of Composition of pro- 
Expt. Time in pro- taken, /- added, duct (%). 
No. Temp. (hrs.). duct, %. g. g. M. p. Eutectic. 0. m. p. 
7 10° 1 99°8 6°632 2°215 12°4° —7°92° 71:1 2°3 26°6 
8 10 0°75 100-2 6°118 2:469 15°15 —7°88 71°5 2-2 26°3 ‘ 
9 10 0°75 99°5 5°786 2-412 171 — 7°90 69°4 2°2 28°4 
10 0 3 99°9 5°816 2°414 13°5 —-7°78 63°5 1-9 34°6 
We wish to thank Messrs. Imperial Chemical Industries, Ltd., for a grant. 
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132. The Oxidation of 4-n-Propylphenol to 2-n-Propylquinol. 
By GEORGE BADDELEY and J. KENNER. 


IT was recently pointed out by one of us‘that the contrast between the tendency of kationoid 
normal alkyl groups to isomerise and the stability of such groups in the anionoid condition 
might offer a criterion as to the nature of reactions in which they participate (J. Soc. 
Chem. Ind., 1933, 52, 470). As a prelude to the study of the particular case which pro- 
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voked this suggestion, namely, the apparently anomalous meta-substitution of toluene 
by ¢ert.-butyl chloride in presence of aluminium chloride, it was desirable to apply the 
method to a less obscure reaction. We have done this by subjecting 4--propylphenol 
to the conditions used by Kumagai and Wolffenstein for the well-known conversion of 
p-cresol into toluquinol (Ber., 1908, 41, 298). As would be anticipated from the following 
scheme, n-propylquinol was isolated; it was identified by comparison with a specimen of 
the same compound prepared from 3-n-propylphenol. 


OH O *OH OH OH 
i ae JN VAN 

] —> i Fe? § 5 =|. bere be +H! 
/ Wi \Z N\A Pr NZ 
Pr HO/ Pr HO’ Pr H 


OH 
The reaction has the further interest that it is clearly a form, expanded by introduction 
of an ethylenic group, of the conversion by sulphuric acid of glycollaldehydes into «- 
hydroxy-ketones (Danilow and Danilowa, Ber., 1927, 60, 2390; 1929, 62, 2653; 1930, 
63, 2765; 1934, 67, 24). The following scheme appears to express the relationship of 
this reaction to the Wagner—Meerwein change adequately :— 


Rn tl R H 
oo C<g BL poC EK X | 
i a R—C—CH-OH + H' 
OH H O 
Similarly the analogous isomerisation of aldehydes CR,*CHO (compare S. Danilow, 
J. Russ. Phys. Chem. Soc., 1919, 51, 97) may be written : 
R 


Ht 7) “Er. ' 


R 


2-n-Propylquinol.—A mixture of nitric acid (d 1-42; 23-4 c.c.) with water (33-4 c.c.) was 
added gradually to a solution of m-propylphenol (50 g.) in benzene (80 g.). From the product 
a mixture of o-nitrophenols (25 g., b. p. 100—140°/0-5 mm.) was removed by steam distillation. 
4-Niiro-3-n-propylphenol (25 g.) was then isolated from the residue by distillation at 157°/0-6 
mm. and finally obtained in pale yellow needles, m. p. 58°, by crystallisation from light petroleum 
(Found: C, 60-0; H, 6-5; N, 7-9. C,H,,O,N requires C, 59-7; H, 6-1; N, 7-7%). The con- 
ditions prescribed by Schultz for the nitration of m-cresol (Ber., 1907, 40, 4322) would involve 
the use of 41 c.c. of nitric acid in the instance just recorded, but in these circumstances dinitro- 
m-propylphenol, b. p. 145°/0-5 mm., was obtained; it separated from light petroleum in pale 
yellow, prismatic crystals, m. p. 125° (Found: C, 48-1; H, 4:2; N, 12-5. C,H,O,;N, requires 
C, 47-8; H, 44; N, 12-4%). 4-Amino-3-n-propylphenol was isolated in the form of its hydro- 
chloride after reduction of the nitro-compound with tin and hydrochloric acid, and character- 
ised by its acetyl derivative. This crystallised from water in small white radiating prisms, m. p. 
140° (Found: C, 68-0; H, 7-8; N, 7-4. C,,H,,0O,N requires C, 68-4; H, 7:8; N, 7:3%). 
The corresponding quinone was obtained as an oil, which did not crystallise, when the amine 
hydrochloride was distilled in steam with a solution of ferric chloride. The distillate was 
shaken with sulphurous acid until the oil had disappeared, and n-propylquinol was finally 
isolated by extraction with ether (yield, 80%). It crystallised from benzene in fine white 
needles, m. p. 90° (Found: C, 70-8; H, 8-1. C,H,,O, requires C, 71-1; H, 7-9%). 

Oxidation of 4-n-Propylphenol.—The phenol (50 g.) was added to a solution of Caro’s acid 
prepared from potassium persulphate (54 g.), sulphuric acid (7-3 c.c.), and water (142 c.c.), 
and the whole stirred at 70—80° for 4—5 hours. After extraction with ether, 4-n-propylphenol 
(38 g.) was recovered by distillation at 80—90°/0-5 mm. A later fraction (5 g.), b. p. 165— 
180°/0-5 mm., was further purified by steam distillation with ferric chloride, and subsequent 
reduction with sulphurous acid in the manner already described. After crystallisation from 
benzene, the product melted at 90° and did not depress the m. p. of ”-propylquinol. 


THE COLLEGE OF TECHNOLOGY, MANCHESTER. [Received, March 14th, 1934.] 
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The Periodic Law and its Interpretation. 


MENDELEEF CENTENARY LECTURE, DELIVERED BEFORE THE CHEMICAL SOCIETY AT THE 
RoyYAL INSTITUTION, LONDON, ON APRIL 19TH, 1934. 


By THE RicHT HONOURABLE LORD RUTHERFORD OF NELSON, O.M., M.A., D.Sc., F.R.S. 


Tuls year is the centenary of the birth of Dimitri Ivanovitch Mendeléef (1834—-1907), whose 
name is so indelibly associated with the great advance in our knowledge of the classification 
of the chemical elements. I have been asked by the Chemical Society to give you a lecture 
appropriate to the occasion. I feel, however, less fitted than any of my audience to deal 
adequately with the chemical side of this subject, but I am encouraged in my task by the 
reflection that I, either directly or indirectly, have been closely associated with several 
developments which have helped to give a much clearer view of the underlying meaning 
of this famous law of the elements. 

I trust, therefore, that you will excuse me if I should spend but little time on the earlier 
history of this subject, but try to give you my personal impression of the way in which our 
knowledge of this subject has widened in later years. 

On looking back, we can see that the collection of data on the physical and chemical 
properties of the elements and particularly of their atomic weights was sufficiently ample 
about the years 1860—1870 to lead speculative minds to consider whether any order could 
be traced amongst the great diversity of elements, and particularly whether their properties 
could be correlated with their atomic weights. While the early suggestions of Prout that 
the atomic weight of the elements might prove to be integral multiples of the atomic 
weight of hydrogen had been shown to be inconsistent with the chemical facts, yet this 
hypothesis had an undoubted and lasting influence in directing the attention of scientific 
men to the problem of the relations between the elements. A number of tentative sug- 
gestions had been put forward from time to time, indicating that there was some sort of 
repetition of chemical properties when the elements were arranged in the order of their 
atomic weights. In this connection, mention should specially be made of the work of 
Newlands in England in 1864 and of Lothar Meyer in Germany. 

This aspect of Chemistry had a special attraction to the philosophic mind of Mendeleef, 
and led him to recognise that there was evidence of a definite kind of order in the variation 
of chemical properties when the elements were arranged in sequence of their atomic weights. 
The abstract of his conclusions was published in 1869, and the full paper, published in 1871, 
contained the classification of the elements into groups or periods essentially the same as 
those we are familiar with to-day.* 

This was a remarkable generalisation which covered not a selection of the elements 
but all the elements known at that time, although there were inevitably certain exceptions 
and anomalies that only received an explanation in later times. It is clear that Mendeléef 
had a firm belief in the general correctness of his classification, for he had the courage to use 
it to predict the atomic weights and properties of undiscovered elements for which there 
were vacant places in his ordered system. 

The ideas of Mendeléef at first attracted little attention, for the chemist of his day was 
more occupied in adding to the chemical facts than in speculating on the relation between 
them. The fate of the Prout hypothesis had a deterring effect in making many minds 
critical of generalisations in such a difficult field. It was not until the discoveries of the 
elements gallium in 1875 and scandium in 1879 and the proof that they had the properties 
of two of the missing elements predicted by Mendeléef that the importance of his discovery 
was generally recognised. Even then many years passed before the importance and 
significance of these new ideas percolated to chemists as a whole and found adequate 
expression in the text books of the time. 


* I should recall that Mendeléef was asked to give the Faraday Lecture before the Fellows of the 
Chemical Society in the theatre of the Royal Institution, June 4th, 1889. His lecture, entitled ‘‘ The 
Periodic Law of the Chemical Elements,” was published in the Chemical Society’s Journal and in the 
appendix to the English translation of Mendeléef’s “ Principles of Chemistry.” 
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The next great advance in our knowledge was the discovery of the group of chemically 
inert gases, of argon by Rayleigh, and of helium, neon, krypton and xenon by Ramsay. 
It seemed clear that a new group of zero valency must be added to the periodic classifica- 
tion, thus widening rather than altering the scheme of Mendeléef. The discovery of the radio- 
active emanations added the last member of this group. I look back with some pride to 
the fact that Soddy and I were able to prove that the radium emanation must belong to 
the group of inert gases, although the amount of emanation available for our experiments 
was less than 10 c.c. This was made possible by the extraordinary sensitivity of the 
radioactive methods as a means of quantitative analysis. While the rapid discovery of 
this new group of gases was at the time of extraordinary interest, yet it was not until 
twenty years had passed that their significance was recognised in providing us with a clue 
of the utmost value in deciphering the intricate problem presented by Mendeléef’s law. 

It is to be borne in mind that, while at the close of the 19th century the periodic law of 
the elements was everywhere recognised as a relation of outstanding importance, and had 
been incorporated in the teaching of chemistry, yet it was in a sense an empirical generalis- 
ation for which no explanation of any kind could be offered. There was no rational court 
of appeal to decide between the numerous contestants who differed as to the correct 
arrangement of the elements in the classification. All was a matter of opinion, with 
no theory or principle to serve as a guide. It is true that to the philosophic mind, the 
Mendeléef rule suggested that the atoms of the elements were not, so to speak, separate 
creations but must be built out of some more elementary form of primordial matter. The 
discovery of the electron as a universal constituent of all atoms of matter by Sir J. J. 
Thomson in 1897 lent much weight to these ideas. It is to him that we owe the first 
suggestions of the electrical structure of the atom and an explanation along general lines of 
the variation of chemical properties of an atom with increasing number of electrons in 
its structure. Before, however, such ideas could be made definite and directly applicable 
to the atom of the chemists, it was necessary to await a better understanding of the actual 
structure of the atoms and of the relation of the elements with one another. 

From consideration of the scattering of «-particles by heavier atoms, I was led in 1911 
to suggest that all atoms had a similar nuclear structure, the main mass of the atom being 
concentrated in a central nucleus of minute dimensions which carried an excess positive 
charge of electricity. The experimental results of Geiger and Marsden, made to test the 
theory, indicated that the nuclear charge of an element was approximately proportional to 
its atomic weight and in fundamental units equal in number to about half the atomic weight. 
It was clear that this rule held only for the heavier elements and broke down for the lighter 
elements. For example, it was recognised that the hydrogen nucleus had a charge 1, and 
the helium nucleus a charge 2. The idea that the nuclear charge of an element might be 
given by its ordinal or atomic number was first suggested and used by Bohr in developing 
his theory of spectra. By a strange oversight, Bohr himself gave the credit of this sugges- 
tion to van den Broek, who later discussed the applicability of this conception to the elements 
in general. 

The Order of the Elements. 


Before discussing the next great advance, it may be of interest to summarise the general 
mental attitude towards these atomic problems in my laboratory in Manchester, where 
Bohr and Moseley were both working, at the period 1912—1913. There was a firm belief 
in the general correctness of the nuclear theory of the atom, and it was recognised that the 
properties of the atom were defined by a whole number which represented the number of 
units of positive charge carried by the nucleus. It seemed probable, too, that the charge 
on the nucleus might prove to be equal to the ordinal number of the element. The number 
and motions of the external electrons were seen to be dependent on the nuclear charge, and 
in the hands of Bohr the first beginning had been made to explain the spectra of the lighter 
atoms by the application of the quantum theory and thus to throw light on the distribution 
and motions of the outer electrons. Bohr, too, had pointed out that there must be a 
clear-cut distinction between the properties to be ascribed to the nucleus and the properties 
belonging to the outer distribution of electrons. For example, it seemed clear that the 
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essential radioactive properties must be ascribed to the nucleus itself, and the ordinary 
light and X-ray spectra to the disturbance of the motion of the electron satellites. 

It was at this stage that Moseley began his famous experiments that were to throw such 
a clear light on the problem of the number and order of the elements. A few months after 
the discovery by Laue, Friedrich, and Knipping that X-rays could be diffracted by their 
passage through crystals, Moseley and Charles Darwin at my suggestion had begun experi- 
ments to study the diffraction of X-rays by crystals, using an electric method. In the 
course of their experiments, Sir William Bragg announced that he had found that a bright 
line spectrum could be obtained by the reflection of X-rays at the surface of a crystal. 
This was confirmed by Moseley and Darwin, who mapped out in detail the complicated 
“L” spectrum given when platinum was bombarded by swift electrons. After this 
investigation was completed, I remember well Moseley coming to discuss with me the next 
research he should take up. He outlined four or five possible investigations in which he 
was interested and amongst them was one that at once attracted me. This was to test 
directly whether the properties of an element depended on its atomic weight, as had been 
generally supposed in the periodic law of Mendeléef, or whether it was governed by its 
ordinal or atomic number as seemed probable on the nuclear theory. He proposed to 
examine this question by studying the changes in the X-ray spectra of a definite group of 
elements, using the photographic method for recording and measuring the spectra. It is 
to be remembered that at this stage very little was known about the X-ray spectra of the 
elements, and no work had been done on the spectra given by the light elements. On 
examination, the “ K ” spectrum of the light elements was found by him to be unexpectedly 
simple, consisting essentially of two strong lines in all cases. The frequency of vibration 
of corresponding lines was found to increase according to a simple law on passing from one 
element to the next in order, the frequency being proportional to (N — a)*, where N was 
the ordinal number of the element and aaconstant. For the heavier elements, it was more 
convenient to use the “ L” spectra, and a similar law connecting frequency and ordinal 
number was found to hold for the stronger lines in these spectra. In interpreting this 
relation, Moseley assumed that N represented not only the ordinal number of the element 
but also the magnitude of its nuclear charge. In making this deduction, he was influenced 
by Bohr’s theory of spectra which had just then been published; for Bohr had shown that 
the frequency of vibration of an electron in its innermost orbit must be proportional to the 
square of the nuclear charge; a was assumed to be a constant arising from the presence of 
one or more electrons in reducing the effect of the central nuclear charge on the vibrating 
electron. We now know that Moseley was essentially correct in all these deductions. It 
was only later, in 1923, that Chadwick was able to prove by direct scattering experiments 
that the nuclear charge was equal to the ordinal number of the element as defined by 
Moseley. Although Moseley only examined a selection of the elements in his pioneer 
experiments, the general laws he deduced have been found by subsequent observers, and 
particularly by Siegbahn, to hold for all the elements which have been examined. 

A relation of extreme simplicity is thus seen to hold for all the elements, for their proper- 
ties are defined by a whole number which represents the ordinal number of the element and 
at the same time the number of units of charge on the nucleus. 

This discovery of Moseley represents an outstanding landmark in the history of our 
knowledge of the elements, for it fixed once for all the true order of the elements and showed 
that only 92 elements were possible from hydrogen 1 to the heaviest element uranium 
92. It fixed at once also the number of elements possible in the group of rare earths and 
afforded a simple method of testing the purity of the preparations. 

Many of the anomalies in the Periodic Law at once disappeared when the atomic numbers 
of the elements were substituted for their atomic weights; for example, the elements cobalt 


. and nickel, numbers 27 and 28, fell into their proper place in the new system, although 


according to their atomic weights 58-97, 58-15, their positions were reversed. It became 

clear that the atomic weight of an element, though often running nearly parallel with the 

atomic number, was in a sense a secondary property, and this is borne out by our later 

knowledge. Moseley’s law not only fixed the ordinal number of the missing elements, but 

allowed us to predict with considerable accuracy the X-ray spectra to be expected from 
TT 
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them, while the use of the X-ray spectra provided a new and powerful method of qualitative 
and quantitative analysis in the search for missing elements. The application of these 
new ideas soon led to the discovery of hafnium 72, of masurium 43, and of rhenium 75. 
Apart from the rare-earth element 61, named illinium, of which we have heard little, there 
remain only two missing elements, 85 and 87, and 85 has been detected by its X-ray spec- 
trum but not yet isolated. The search for undiscovered elements thus seems nearly to 
have reached an end unless elements of numbers higher than 92 exist in the earth. 

It has always been a matter of surprise to me that practically all possible nuclear charges 
from 1 to 92 are represented by actual elements in this earth. Apart from the radioactive 
elements, all these atoms appear to be permanently stable under normal conditions on the 
earth’s surface. If we regard the nucleus as a complicated quantum-dynamical system, it 
might almost have been anticipated that in some cases the nuclear structure corresponding 
to certain nuclear charges might be unstable and break up, leaving some gaps in our list 
of elements. The absence of any such gaps in thus a clear indication that stable elements 
are possible for all values of the nuclear charge, disregarding of course the radioactive elements. 
This stability of the elements is still more remarkable when we recall that many of the 
elements consist of a mixture of atoms of different masses and thus of different nuclear 
constitution. 

Discovery of Isotopes. 


While Moseley’s law fixes definitely the number of elements defined by their nuclear 
charge, it does not of itself throw any light on the number of species of atoms of different mass 
that may exist with the same nuclear charge. The proof of the complexity of the chemical 
elements, to which attention was first drawn by Soddy, arose from a study of the radioactive 
substances, and is a discovery of the first importance. Certain radioactive elements, 
although they had different atomic weights and showed distinctive radioactive properties, 
were found to be chemically inseparable. Soddy concluded that these distinctive species 
of elements must occupy the same place in the periodic table and for that reason named 
them “ isotopes.’”” We now know that the series of transformations in the radioactive 
bodies give rise to several isotopes of the elements thorium, radium, bismuth and lead. 
For example, there are produced four radioactive isotopes of lead (82), varying in atomic 
mass between 210 and 214, and also three non-radioactive isotopes—the end products of 
the series—of atomic masses 206, 207, 208. All of these radioactive isotopes of lead emit 
B-rays, but with very different energies, while their stability varies over a wide range, the 
average life of the elements varying from 39 minutes to 35 years. The end products of the 
series on the other hand appear to be as permanently stable as any of the ordinary elements. 

These ideas, originating from a study of radioactive transformations, received a great 
extension when it was shown that the ordinary elements were also in general not simple but 
composed of two or more isotopes of different masses. This development, which we owe 
largely to the fine experimental work of Aston, depended upon the production of a stream 
of charged ions of the elements and their deflexions in a combined magnetic and electric 
field. In the ingenious type of mass-spectrograph devised by Aston, the relative masses of 
the isotopes can be measured with great accuracy and their relative abundance determined. 

These important results received a simple explanation on the nuclear theory. The 
nuclei of the isotopes of a given element must all have the same charge but have different 
atomic masses. The arrangements of the outer electrons in the isotopes of a given element 
are so nearly identical that there is only a second-order effect even on the optical or X-ray 
spectra, which are only slightly dependent on the mass of the nucleus. Even in the case 
of the heavy isotope of hydrogen, mass 2, which has recently been discovered, the ordinary 
spectrum is not only similar in form to that of hydrogen of mass 1, but the corresponding 
Balmer lines differ in wave-length by only 1 part in 3700. We should thus expect that the 
properties of an element which depend on the arrangement of the outer electrons should be © 
practically identical for all isotopes. On the other hand, properties, for example, diffusion, 
which depend on the mass of the isotope should be altered. While such differences are in 
general not marked for the isotopes of the heavier elements where the fractional change of 
mass may be small, it may become very pronounced for large relative changes of mass such 
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as occur in the case of the hydrogen isotopes of masses 1 and 2. It is for this reason that the 
isotope H? can be readily separated from H? either by diffusion or by the processes occurring 
in electrolysis which depend upon the mass. 

During the last few months, successful methods have been devised to separate weighable 
quantities of the isotopes of lithium 6 and 7 in an almost pure state by methods depending 
on the deflexion of the ions of lithium in a magnetic or electric field, and no doubt it will be 
possible by similar methods to separate the isotopes of a number of the lighter elements. 
Oliphant used some of this material to examine the distinctive transformations produced 
by each of the separated isotopes of lithium when bombarded by the ions of ordinary and 
of heavy hydrogen. 

For experiments in transmutation, where the effects of bombardment may be entirely 
different for the individual isotopes of the same element, it is essential for progress to have 
reasonable quantities of each isotope for examination. The chemist and the physicist of 
the future will undoubtedly require for many investigations to have samples of each isotope 
in as pure a state as possible. 

It is now well established that the masses of many of the isotopes of the elements differ 
by very nearly unity, indicating that either the proton or neutron or both are components 
in the structure of all nuclei. We are not yet certain whether these two units of nearly 
equal atomic mass—1-0073 for the proton in the free state and 1-0067 for the neutron as 
deduced by Chadwick—are independent or whether one is derived from the other. While 
each of these particles is expelled in many nuclear transformations, there is at present not 
sufficient evidence to give a definite answer to this question. It is of interest to note, as 
suggested by Harkins, that the neutron, if fundamental, may be regarded as the first 
element in the series of nuclear charge 0 and mass nearly 1. 

It is thus clear that in a sense we have found that a modification of the Prout hypothesis 
is applicable to the masses of the individual atoms, but it must be borne in mind that 
probably two units, the proton and the neutron, are involved and not one alone. While in 
general the atomic masses of all the isotopes are given by integral numbers in terms of 
O = 16, yet this rule, while useful as a working guide, is only approximate. The relative 
masses of a number of the atoms are now known with sufficient accuracy to show the general 
trend of the departures from this whole-number rule with increasing weight of the atom. 
It is of great importance that the relative masses of all existing types of atoms should be 
known with the highest possible precision. In this connection it may be remarked that 
there is now good evidence that the generalised law of the conservation of energy, where 
changes of mass are taken into account, holds for nuclear transformations. The measure- 
ment of the energy supplied and released in these transformations provides us with data to 
determine the masses of some of the nuclei with even greater accuracy than is yet possible 
by the methods used by Aston and Bainbridge. There can be no doubt that a close study 
of nuclear transformations brought about by various agencies will not only provide impor- 
tant information on the structure of nuclei but will at the same time fix the masses of some 
of the lighter elements with great precision. 

Time does not allow me to discuss with any detail the extraordinarily interesting data 
which have been accumulated by Aston and others on the isotopic constitution of the 
elements. I can only refer to the remarkable difference as to numbers and masses of the 
isotopes shown by even- and odd-numbered elements and the existence of a number of 
atoms of about the same mass—isobares—but of different nuclear charge. In general, 
isotopes are much more abundant for even-numbered elements about the middle part of 
the periodic table. For example, 11 isotopes have been found for tin, the masses varying 
from 112 to 124 with only 113 and 123 missing. The relative abundance of these isotopes 
varies, however, in an apparently capricious manner for which we have as yet no kind of 
explanation. In the last few years, optical methods have proved of great value in disclosing 
the presence of isotopes existing in very small amount compared with the main isotope, for 
example, in hydrogen, carbon, nitrogen and oxygen. 

This raises the very interesting question whether an increase in the sensitivity of our 
methods for the detection of isotopes might not add largely to their number. I have 
already drawn attention to the remarkable stability of the nuclear structure disclosed by the 
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presence of numerous isotopes of widely different masses. In the case of tin, for example, 
to which I have previously referred, it is natural to suppose on our present ideas that the 
isotopes differ from one another by the addition or subtraction of one or more neutrons to 
the nuclear structure. This will alter the mass by multiples of nearly unity but will not 
change thenuclear charge. It may be that, in addition to the isotopes found by Aston, others 
also exist in small amount over a much wider range of mass. Further information of this 
kind would be very valuable in extending our understanding of the stability of nuclear 
structures of even atomic number. 

I may also refer in passing to the information gained by a study of the isotopic constitu- 
tion in throwing light on anomalies of atomic weights of some of the elements. For example, 
argon has two isotopes 36 and 40, the latter being far more abundant, so that the atomic 
weight is 39-9. It is of interest to note here that Professor Zeeman has recently given good 
evidence, using the original positive ray method of Sir J. J. Thomson, that a weak isotope 
of mass 38 is also present. On older views of the relation between the atomic weights of 
the inert gases, it was to be anticipated that the atomic weight of argon should be about 
36 and not 39-9. The abundance of the isotope 40 compared with 36 accounts in a sense for 
this anomaly, although no explanation can be offered why such a distribution of isotopes 
occurs. 

From a study of isotopes we now know that more than 200 species of atoms exist in 
this earth, and no doubt this number will be added to in the future. The recent discovery 
of M. and Mme. Curie-Joliot that unstable atoms can be formed by bombardment of the 
elements boron, magnesium and aluminium by fast «-particles is a noteworthy event. The 
new atoms formed break up according to the same law as a radioactive body but, strange 
to say, emit positive electrons in the process. There seems to be little doubt that the number 
of these transition elements will be greatly extended by using projectiles like protons, 
diplons, and neutrons, as well as «-particles to bombard the atoms. This discovery opens up 
a new and important field of investigation which allows us to produce in the laboratory new 
types of unstable atoms which may have existed at the time of formation of our earth but 
have long ago disappeared. 


Arrangement of Electrons outside the Atom. 


I now come to the most important and at the same time the most difficult part of my 
subject, namely, the explanation of the periodic classification of the elements when the 
atomic number is substituted for the atomic weight. As we have seen, the number of 
external electrons surrounding a nucleus is normally equal to its nuclear charge and thus 
varies from 1 in hydrogen to 92 in uranium. Since the ordinary chemical properties to be 
ascribed to an atom must depend solely on the number and arrangement of these electron 
satellites, an explanation of the periodic law must be derivable immediately from the way 
in which the electrons are arranged round the nucleus. The first attack on this problem was 
made by Bohr in 1913 by applying the quantum theory to the explanation of spectra; but 
it was not until ten years had passed that the main features of the arrangement of the 
electrons in the outer atom became clear. The problem for solution appeared to be of the 
most formidable and forbidding character, for it was necessary not only to account in a 
general way for the periodic properties of the elements, but also to explain in detail the 
complex light and X-ray spectra given by all the elements under different conditions of 
excitation. 

As a result of the work of Bohr and his collaborators, there has been a complete revolu- 
tion in our knowledge of spectra and the main features of the spectra of all the elements are 
now well understood and in most cases the spectra have been worked out in detail. Thisis 
a veritable triumph of mind over matter and represents one of the outstanding scientific 
achievements of our age. I remember that, in the early days, when I reviewed the enormous 
complexity of the spectra of the elements and the apparent lack of any relation between 
them, it seemed to me that a solution of such a formidable problem would be long delayed, 
but yet, within a period of less than 20 years, the spectra of all the elements have been 
reduced from chaos into a definite and orderly system. 
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It would take much too long to discuss in detail the various considerations which led 
Bohr to fix the modes of binding and the energy states of the electrons surrounding the 
nuclei of the elements. In his first tentative attack on this problem, he supposed that the 
electrons circulated round the nucleus in certain orbits defined by definite quantum con- 
ditions. He concluded that the electrons were arranged in more or less definite groups of 
orbits round the nucleus. While the introduction of quasi-planetary orbits served, and 
continues to serve, a very useful purpose in assisting us to visualise the arrangement of the 
electrons in the atom, there has grown out of it a revised and improved version, the modern 
or wave-mechanics, with the development of which the names of L. de Broglie, Heisenberg, 
Schrédinger and Dirac are so intimately associated. The new theory enables accurate 
calculations to be made of atomic properties with, so far as we know, complete success. 
It is found, however, that the earlier idea of precise orbits must be abandoned and replaced 
for the present by electron distributions much less definite. Nevertheless, the old orbits 
remain a good first approximation to many features of the true distribution and we shall for 
that reason continue to use them here for descriptive purposes. 

I am informed on good authority that the success of the new wave-mechanics is so 
complete in its own domain that the periodic law of the elements, as we know it to-day, could 
be entirely reconstructed from first principles. Given a competent mathematician—and 
he would require to be very competent—acquainted with the laws of the quantum mechanics 
of an electron and with one additional postulate—the Pauli exclusion principle—he should 
be able, even if he had never heard of the periodic law, to reconstruct the periodic classi- 
fication of the elements. Naturally he would require plenty of time and help of computers, 
and unless he was exceptionally cautious might have occasionally to consider his steps very 
carefully at certain critical points of the classification. I do not mean to imply, and with 
that my informant would agree, that it would not be quicker and easier to formulate the 
periodic law from experiment rather than from calculation. 

In describing the theory of the periodic law in the form most suitable for the science of 
chemistry, it is best to take as the starting point the peculiar and privileged group of inert 
gases, He, Ne, A, Kr, Xe and Rn, with 2, 10, 18, 36, 54, and 86 electrons surrounding their 
respective nuclei. These numbers of electrons are in each case just, and only just, sufficient 
to fill up completely a group of orbits which are distinguished from the next possible orbit 
but are far more tightly bound. As a further result of the group of orbits being complete, 
the electrons of the group present every possible orientation of spin and orbital angular 
momentum, with the result that the complete group is spherically symmetrical to the 
outside world and possesses only a very small residual field outside the atom. The result 
is that such structures must be extremely inert and non-reactive, as they are in fact observed 
to be. The theory also requires that these exceptional inert structures shall occur for 
these and only these atomic numbers. 

When now we consider the atom of the next higher atomic number than one of these 
inert gases, all the electrons but the last one go into orbits similar to those of an inert gas 
and form a positive univalent ion of inert-gas type, with a highly symmetrical tightly 
bound structure but now with one residual charge. The last electron cannot go into any 
one of these groups (by Pauli’s exclusion principle), for they are full. It must therefore fill 
the most tightly bound orbit of the next group, which is in fact only lightly bound, giving 
the atoms in the solid the properties of a metal. We must thus get, theoretically, after each 
inert gas a univalent metal, forming a group of elements of closely similar properties. 
These are, of course, the alkalis. By following the process of adding further electrons, one 
by one, we see how the properties of the elements, ordered by the atomic number, must 
arrange themselves in a periodic pattern, repeating after each inert gas. 

But more than this, we can see clearly why the periodicity, though regular, is a periodi- 
city of increasing length of period, with groups of transition elements like the nickel and 
palladium and platinum groups, and further, in the last complete period, with the super- 
transition group of the rare earths. These transition elements must occur and are found to 
occur whenever the relative order of binding of two groups of orbits changes with increasing 
nuclear charge, but I cannot spare time to describe the details of this extremely fundamental 
process, I must be content to say that the existence of the transition and rare-earth groups 
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is a necessary consequence of the theory and is predicted by the theory in their actual 
places. I have so far said nothing about the application of the quantum mechanics to the 
theory of valency, but since its success has already been so great I should not pass it over 
in silence. Naturally, the problems presented by a study of chemical combinations are 
extremely complicated and one cannot expect exact solutions of any but the simplest. 
But if the theory is right and adequate to cover the field of observed facts, one should at 
least be able to say theoretically that such and such things can happen—have a natural 
home in the theory—even if we cannot say that they will happen in given circumstances. 
Judged in this way, so far as we can see, the quantum theory of valency is already a marked 
success and the applications of the theory are continually being extended to more and more 
complicated cases. 

In conclusion, I should say a word about the construction of atomic nuclei, some of the 
properties of which I have already mentioned. Detailed information on this subject is 
very scanty and we have to rely in the main on the data obtained from a study of the radio- 
active bodies, and the artificial transformation of elements brought about by bombarding 
particles. By these artificial methods, we have not only been enabled to break up some of 
the atoms into lighter components but also to form atoms of higher atomic number and mass 
than the bombarded atom. As we have seen, some of these newly formed elements have a 
limited life and show a special type of radioactivity. The use of the ions (D*) of heavy 
hydrogen for bombardment purposes has given us a wealth of new results of great interest. 
It leads in many cases to the liberation of groups of fast protons, neutrons and also «-particles 
from a number of light elements. The effect of bombarding heavy hydrogen by its own 
ions is especially noteworthy. It appears that several new types of atoms are formed, 
including a new isotope of hydrogen of mass 3 and also a new isotope of helium of mass 3, 
which have not hitherto been identified in Nature. It seems not unlikely that in the near 
future we may be able on a small scale to synthesise some of the lighter nuclei from more 
elementary nuclei. 

We have so far little definite information on the detailed composition of nuclei, although 
it is believed that protons and neutrons are the main building units. When we know more 
of the structure of nuclei, it may be that they also will show some sort of periodicity in their 
structure with increasing nuclear charge. Since, however, at least two units and not one 
are involved, the periodic pattern may be much more complicated and require to be illus- 
trated by a surface rather than a plane as in the case of the periodiclaw. It may be that a 
Mendeléef of the future may address the Fellows of this Society on the ‘‘ Natural Order of 
Atomic Nuclei’ and history may repeat itself. 





133. Physicochemical Studies of Complex Acids. Part XI. Vapour- 
pressure Measurements. 


By Rosert A. Rospinson and DonaLp A. SINCLAIR. 


IN previous communications in this series the hypothesis has been advanced that acid 
solutions of alkali molybdates, tungstates, and vanadates consist of aggregated, charged, 
colloidal micelles. An accurate method of determining vapour pressures of solutions 
has now been applied to these substances and, although the molecular weights are too 
large to be computed with accuracy, conclusive evidence has been obtained that polymeri- 
sation occurs in the solutions; an estimate has been made of the degree of polymerisation 
in the vanadate solutions. 


The method, already described in detail (J. Physical Chem., 1933, 37, 495), consists in allow- 
ing solutions of, e.g., sodium vanadate and potassium chloride to evaporate freely under reduced 
pressure until the vapour pressures of the two solutions are equal; from the known vapour 
pressure of the chloride solution, that of the vanadate solution can then be obtained. It is 
believed that the method has a high degree of accuracy. 

Solutions were made of three salts of composition 1-024Na,0,V,0,;, Na,O,WO,, and 
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Na,O,MoO, respectively; to these, various amounts of hydrochloric acid were added, cor- 
responding to different stages in the acidification of these salts; and their vapour pressures 
were then determined. The solutions of the salt and potassium chloride were allowed to 
evaporate for 3 days, a time which proved sufficient to attain equilibrium. Gold-plated silver 
boxes, lightly coated inside with vaselin to prevent the reduction which otherwise occurred, 
were used. In Table I, cols. 1—4 give, respectively, the concentrations (atoms or mols./I.) 





TABLE I. 
Vanadate solution. 

Na. V. HCl. Equiv. KCl. 10° x Ap/po. HC1/V. 
0°2500 0°2442 0 0°1140 1548 0 
0°3301 0°3225 0 0°1496 1526 0 
0°2650 0°2589 0°0518 0°1496 1904 0-200 
0°1768 0°1728 00424 0°1040 2001 0°245 
0°2519 0°2462 0°0626 0°1496 2002 0°254 
0°2351 0°2296 0°1017 0°1601 2298 0°443 
0°1372 0°1341 0°0659 0-0994 2467 0-491 
0°2116 0°2067 01098 0°1588 2531 0°531 
0°0952 00931 0°0548 0:0739 2659 0°589 
0°1771 0°1731 0°1332 0°1588 3022 0°769 
0°1632 0°1594 0:1483 0°1588 3282 0-930 
0°0744 0°0727 0°0714 0°0748 3447 0-982 
0°1429 0°1396 0°1524 0°1601 3779 1-092 

Fic. I. Fic, 2. 
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of sodium, vanadium, and hydrogen chloride in the one solution, and of potassium chloride in 
that of equal vapour pressure; col. 5 gives the vapour-pressure lowering of the former solution 
as derived from that of the latter solution (as the concentrations of the vanadate solutions are 
necessarily variable through evaporation in attaining equilibrium, all lowerings have been 
referred to solutions 0-1M with respect to vanadium by multiplying by 0-1 and dividing by the 
vanadium concentration given in col. 2); col. 6 gives the ratio HCl/V (mols. per atom). 

These vapour-pressure lowerings are shown by the upper curve in Fig. 1. When 0-0024 
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mol. of acid has been added, 0-1M-sodium metavanadate is present along with 0-0024M-sodium 
chloride, and allowance being made for the vapour-pressure lowering of the latter, the lowering 
due to the vanadate is 0-001513; the vanadate, therefore, cannot be a simple molecule, for even 
an undissociated molecule would have given a lowering of 0-00180. If it is doubly polymerised 
the molar lowering is 0-03026, whence the van ’t Hoff factor is 1-692. A triple polymerisation 
gives a molar lowering of 0-04539 and i = 2-522, so the degree of dissociation is 0-51, which is 
a reasonable figure. 

Now, it is known from previous experiments that acid acts on the metavanadate to yield 
a polyvanadate and sodium chloride until 2Na,O0,5V,O, is formed at 0-624 mol. of acid. During 
this reaction, therefore, allowance must be made for the sodium chloride formed; the lowering 
due to this is shown by curve B. Beyond this point the acid remains free, the vapour pressure 
due to it being shown by curve C. Subtracting these lowerings from the total lowering (curve 
A), we find the contribution of the vanadate in solution, this consisting of sodium ions and 
polymerised vanadate ions and molecules. Since the metavanadate is 51% dissociated, this 
solution contains 0-051M-Na’, 0-017M-V,0,’’’, and 0-0163M-Na,V,O,, so the contribution of 
the sodium ion is 0-00918. When 2Na,0,5V,0O, is formed at 0-0624 mol. of acid, the conductivity 
data of Part II (J., 1930, 1261) justify the assumption that there is still 50% dissociation and 
therefore [Na*] = 0-02M, the vapour-pressure lowering due to this ion being 0-00360. On 
further acidification, the sodium-ion concentration remains approximately constant, although 
the data in Part II show that in acid solutions some replacement of the sodium by hydrogen occurs 
and also some repression of the ionisation of the sodium salt. This will cause a small decrease 
in the contribution of the sodium ions which cannot be computed quantitatively. Consequently, 
the data for solutions more acid than 2Na,0,5V,O, are only qualitative, especially as slight 
precipitation occurs with these acid solutions during the 3 days required for an experiment. 

Subtraction of the sodium-ion contribution from curve F yields the contribution to be 
ascribed to the polymerised vanadate ions and molecules, shown by curve E. Since the molarity 
of the vanadium is 0-1/n, where m is the degree of polymerisation, then » = 0-0180 x 0-1/ob- 
served lowering, 0-0180 being the molar lowering of the vapour pressure, whence the following 
values of » can be calculated : 

eee 1 0°5 0-4 0°33 0°25 
© neverisesinccstssseseces 3 6 7 10 ll 

Although these figures would be altered if different assumptions were made as to the degree 
of dissociation of the vanadate, yet it is found that any value which is in reasonable agreement 
with the conductivity data of Part II leads to the same conclusion that the molecular weight 
of the complex must approach 1000 in the acid solutions. It is possible that polymerisation 
proceeds even further on the addition of more acid, but, as already pointed out, quantitative 
analysis of the data is not possible in this region. 





TABLE II. 
Solution. 
Na. W (or Mo). * HC. Equiv. KCl. 10° x Ap/p,y. HCl/W (or Mo). 
Sodium tungstate. 
0°1942 0-0971 0 0°1360 4631 0 
0°1720 0:0860 0 0°1201 4624 0 
0°6080 0°3040 0 0°4233 4517 0 
0°2020 0°1010 0°0246 0°1409 4605 0°244 
0°1946 0°0973 0°0549 0°1360 4622 0°564 
0°1728 0°0864 0°0487 01201 4604 0°564 
0°1924 0°0962 0-0796 0°1409 4836 0°827 
0°1634 0°0817 0°0870 01201 4870 1-065 
0°1716 0°0858 0°1097 0°1304 5026 1-277 
0°1664 0°0832 0°1247 0°1409 5592 1-499 
0°1496 0°0748 0-1211 0°1304 5765 1°615 
0°1346 0:0673 0°1088 0°1166 5744 1-617 
0°1234 0°0617 0°1117 0°1166 6264 1-810 
0°1376 0:0688 0°1246 0°1304 6282 1811 
Sodium molybdate. 
0°3182 0°1591 0 0°2003 4126 0 
0°3176 0°1588 0°0444 0°2003 4133 0°279 
0°3094 0°1547 0°0823 0°2003 . 4243 0°532 
0°2130 0°1065 0-1119 0°1509 4669 1-051 
0°1912 0°0956 0°1305 0°1509 5201 1°365 


0°1586 0:0793 0°1415 0°1509 6270 1-784 
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Table II gives the corresponding values obtained with solutions of sodium tungstate and 
molybdate. The data are shown graphically in Fig. 2, only the upper curve A being given in 
the case of the molybdate. It is evident that after the formation of a complex corresponding 
to Na,O,4MoO, the curve for the molybdate is similar to that for the tungstate. 

It is also clear that neither of the two original salts is polymerised in solution, the vapour- 
pressure lowerings corresponding to degrees of dissociation of 0-82 and 0-67 respectively. By 
calculations similar to those for the vanadate, the vapour-pressure lowerings contributed by 
the tungstate ion and the undissociated tungstate molecule are found (curve E). This curve 
shows that when the composition of the solution corresponds to Na,O,2WO, the vapour-pressure 
lowering is very small and corresponds to a tungstate ion or molecule W,0,,”" or NasW,Oy,, 
whereas when the solution corresponds to Na,O,4WO, the vapour-pressure lowering is too 
small to be detected by this method. It follows that the tungstate must be polymerised many 
times. The same holds true for the molybdate. 


The authors thank Dr. H. T. S. Britton for his interest in this work. 
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134. The Nuclear Alkylation of Aromatic Bases. Part II. The 
Action of Methyl Alcohol on the Hydrochlorides of 2- and 
4-Aminodiphenyl. 


By DonaLp H. Hey and E. R. BucKLEY JACKSON. 


A FEW examples are known which involve the real or the apparent migration of a sub- 
stituent group from a side chain to the nucleus in the diphenyl series. Scarborough and 
his co-workers, for example, obtained nuclear-chlorinated acetamidodiphenyls from 
N-chloroacetamidodiphenyls (J., 1926, 557; 1927, 89, 3000; compare also Bell, Kenyon, 
and Robinson, J., 1926, 1239). In no case, however, has heteronuclear migration to the 


4’-position been observed. 

The reaction whereby nuclear methylation is effected by heating an amine hydro- 
chloride with methyl alcohol belongs, possibly exclusively, to the intermolecular type 
of reaction and it therefore seemed likely that this reaction might provide an example of 
4’-substitution by “‘ molecular rearrangement,” as indeed proved to be the case. Other 
methods for effecting nuclear alkylation by the rearrangement of arylalkylamines, however, 
do not necessarily belong to this type, as shown by Hickinbottom and his co-workers (J., 
1927, 64; 1930, 1558, 1566; etc.). The molecular rearrangements of the chloroacet- 
amidodiphenyls studied by Scarborough also belong to the intermolecular type, but these 
reactions are apparently not applicable to successive substitution to the same extent as 
shown in the methylation reaction here studied, and consequently they never reach a 
stage at which substitution in the 4’-position becomes possible, since the requirements of 
at least one of the two ortho-positions have to be satisfied first. 

When the hydrochlorides of 2- and 4-aminodiphenyl were heated with various pro- 
portions of methyl alcohol in an autoclave at 250—300°, nuclear methylation of 4-amino- 
diphenyl proceeded readily to give a product consisting largely of primary bases, but the 
product obtained from 2-aminodipheny] consisted largely of secondary and tertiary bases, 
including a derivative of phenanthridine. This result was not unexpected, since Bell 
(J., 1930, 1071) has shown that 2-aminodiphenyl is much more resistant than 4-amino- 
diphenyl to N-methylation, and N-methylation must precede C-methylation. Attention 
has also been recently drawn by Lesslie and Turner (J., 1933, 1588) to the considerable 
steric effects about the nitrogen atom attached to the 2-position in the diphenyl nucleus. 
Further, fewer by-products were obtained in the diphenyl than in the benzene series (Part 
I; J., 1931, 1581) : small quantities of acridine-like bases were obtained, but, apart from 
traces of alkali-soluble material, there was no evidence of phenol formation. Nevertheless, 
the liberation of volatile bases on the addition of alkali to the reaction product shows that 
some separation of the nitrogen atom from the nucleus must have taken place. 
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The action of methyl alcohol on the hydrochloride of 4-aminodipheny] (I) led to nuclear 
methylation successively at positions 3, 5, and 4’, as indicated below : it is thus analogous 
to the bromination of 4-aminodiphenyl (Scarborough and Waters, J., 1926, 561). With 
14 mols. of methyl alcohol, the aminodiphenyl was largely recovered unchanged. With 
3 mols. of methyl alcohol, a good yield of primary bases was obtained, from which 
4-amino-3 : 5-dimethyldiphenyl (III) and 4-amino-3 : 5 : 4’-trimethyldiphenyl (IV) were 
isolated (as acetyl derivatives) : 4-amino-3-methyldipheny] (II) was not detected, although 
it must have been an essential intermediate product, and 4-acetamido-3 : 4’-dimethyl- 
diphenyl could not be detected in the acetylated product. With 6 mols. of methyl alcohol, 
a small quantity of 4-amino-3 : 5 : 4’-trimethyldiphenyl (IV) was isolated as its acetyl 
derivative, but the major portion of the product consisted of secondary and tertiary bases. 
This result shows that it is not possible to effect further nuclear methylation, under the 
conditions mentioned, by increasing the amount of methyl alcohol beyond 3 mols., and 
higher methylated hese can be expected only if an already methylated compound 
such as 4-dimethylamino-3 : 5 : 4’-trimethyldipheny]l is used as the initial material (com- 
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3: eecanaiiica ~ on nitration gave 4-nitro-3 : 5-dimethyldiphenyl (VI), which 
on reduction and acetylation gave 4-acetamido-3 : 5-dimethyldiphenyl. From 3: 4’-di- 
methyldiphenyl were similarly obtained 4-nitro-3 : 4’-dimethyldiphenyl and 4-acetamido- 
3: 4’-dimethyldiphenyl, while 3:5: 4’-irimethyldiphenyl (VII) gave 4-niiro-3 : 5 : 4'-iri- 
methyldiphenyl (VIII) and 4-acetamido-3 : 5 : 4'-irimethyldiphenyl. Previous work on the 
nitration of methyldiphenyls (Grieve and Hey, J., 1932, 1888, 2245; Hey, ibid., p. 2636) 
indicated that in all three cases mononitration would probably take place at the 4-position, 
as required, and the identity of the synthetic 4-acetamido-3 : 5-dimethyldiphenyl and 
4-acetamido-3 : 5 : 4’-trimethyldiphenyl with the acetylated products obtained from the 
methylation of 4-aminodiphenyl confirms this view. 

Further confirmatory evidence of the identity of the products of the nuclear methyl- 
ation of 4-aminodiphenyl was obtained by oxidation of the acetylated bases with chromic 
acid, 4-acetamido-3 : 5: 4’-trimethyldiphenyl and 4-acetamido-3 : 5-dimethyldiphenyl 
giving terephthalic and benzoic acid respectively. The acetamidotrimethyldiphenyl was 
also oxidised with neutral potassium permanganate to give 4-acetamidodipheny]l-3 : 5 : 4’- 
tricarboxylic acid. The bromometric titration method of Callan and Henderson (J. Soc. 
Chem. Ind., 1922, 41, 161T) proved unsuitable as a means of identification (compare also 
Francis, J. Amer. Chem. Soc., 1926, 48, 1631; Hey and Grieve, J., 1932, 2246; Hey, ibid., 
p. 2638). 

In the parallel work on 2-aminodiphenyl hydrochloride, 3 and 4 mols. of methyl alcohol 
were used. The application of the Hinsberg method of separation, as well as treatment with 
nitrous acid, showed that the products contained mainly tertiary, some secondary, and 
hardly any primary bases. The tertiary basic portion readily formed a yellow crystalline 
methiodide, which gave a clear colourless solution in hot water. Such behaviour is 
characteristic of methiodides of the phenanthridine series (Pictet and Hubert, Ber., 1896, 
29, 1182), and the identity of the tertiary base as a dimethylphenanthridine is further 
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supported by the analysis of its methiodide. For comparative purposes the methiodide 
of 2-dimethylaminodiphenyl was prepared and, as anticipated, this showed no yellow 
colour, whereas the methiodide of 9-methylphenanthridine, prepared by the method 
of Morgan and Walls (J., 1931, 2447), simulated very closely the behaviour of the above 
product, which may be 1 : 3-, 3: 9-, or 1 : 9-dimethylphenanthridine. 


EXPERIMENTAL. 


The apparatus and the general experimental conditions were similar to those described in 
Part I (loc. cit.). The autoclave was of ‘‘ Monel”’ metal, electrically heated, and of 250 c.c. 
capacity. The reaction mixture was contained in a close-fitting open Pyrex vessel within the 
autoclave. In some experiments the thermometer pocket of the autoclave was dispensed 
with, the temperature being regulated by the amount of current applied. 

The Action of Methyl Alcohol on 4-A minodiphenyl Hydrochloride.—(A) With 14 mols. of methyl 
alcohol. 4-Aminodiphenyl hydrochloride (50 g.) and methyl alcohol (12 g.) were heated in the 
autoclave at 250—300° for 12 hours. The product was extracted successively with 50% 
sulphuric acid, hot water and alkali solution, and the total extract was distilled with steam 
from strongly acid solution. Even after many hours the distillate contained only 0-5 g. of a 
colourless nitrogenous oil insoluble in aqueous alkali. The residue was made alkaline with 
sodium hydroxide (an ammoniacal fishy odour being produced) and subjected to prolonged 
distillation with steam. Ether extracted from the distillate a colourless oil (5 g.), which 
on acetylation gave 4-acetamidodiphenyl, m. p. (after crystallisation from dilute alcohol) and 
mixed m. p. 163—165°. The alkaline liquor was then extracted with benzene, evaporation 
of which left a red oil (0-5 g.), which partly solidified and after trituration with absolute alcohol 
and crystallisation from this solvent gave bisdiphenylylamine in nacreous leaflets, m. p. 205° 
(Found : C, 89-6; H, 5-45. Calc. for C,,H,N: C, 89-7; H, 59%). The total yield of bases 
in this experiment was poor owing to carbonisation. 

(B) With 3 mols. of methyl alcohol. 4-Aminodiphenyl hydrochloride (50 g.) and methyl 
alcohol (24 g.) were heated at 250—300° for 12 hours. The product was treated as in (A), 
a colourless nitrogenous oil (2 g.) being obtained from the acid solution by prolonged distillation 
with steam. The residual acid solution was made alkaline with sodium hydroxide (ammoniacal 
fishy odour); the liberated bases were extracted with benzene, since distillation with steam 
was slow and inefficient. The benzene extract, dried over sodium sulphate, exhibited a green 
fluorescence, and after removal of the solvent the residue was distilled to give three fractions, 
b. p.’s 285—290° (5 g.), 290—310° (8 g.), and 310—330° (7 g.), consisting of viscous yellow 
oils. These were acetylated separately with acetic anhydride and the resulting derivatives were 
crystallised from alcohol until three main batches, m. p.’s (i) 185—195°, (ii) 200—210°, and 
(iii) 210—230°, were obtained. Fraction (i) was small, and no material corresponding to 
4-acetamido-3-methyldiphenyl (m. p. 166°) could be isolated. Further crystallisation of 
fraction (ii) gave a product, m. p. 198—200°, not depressed by admixture with 4-acetamido- 
3 : 5-dimethyldiphenyl (m. p. 200—201°), but pronouncedly depressed by 4-acetamido-3 : 4’- 
dimethyldiphenyl (m. p. 206°). The absence of a product methylated at the 4’-position in this 
fraction was confirmed by oxidation with chromic acid as described below. Further crystallis- 
ation of fraction (iii) from slightly diluted acetic acid gave a product, m. p. 238—240°, not 
depressed by 4-acetamido-3 : 5: 4’-trimethyldiphenyl (m. p. 241°), and confirmation of its 
identity was obtained by oxidation, as described below. 

(C) With 6 mols. of methyl alcoho]. 4-Aminodiphenyl hydrochloride (50 g.) and methyl 
alcohol (47 g.) were heated at 250—300° for 12 hours. After removal from the autoclave, as 
previously described, the product was extracted with benzene from strongly acid solution. 
The aqueous acid layer was then made alkaline (evolution of volatile bases) and again extracted 
with benzene. The dried benzene extract from the acid solution left, on removal of the solvent, 
a brown viscous nitrogenous oil (3 g., b. p. ca. 360°). Removal of the solvent from the dried 
benzene extract from the alkaline solution left a residue, which was distilled to give three 
yellow oily fractions: (i) b. p. 320—330° (10 g.), (ii) 330—340° (5 g.), and (iii) 340—360° (2 g.). 
Distillation of the residue under reduced pressure gave a little yellow viscous oil, from which 
on trituration with absolute alcohol a yellow-brown solid, apparently a derivative of acridine, 
separated. The three main basic fractions, separately acetylated with acetic anhydride, gave 
small yields of acetylated products, indicating a high percentage of tertiary bases in the oils. 
From fraction (iii), however, was obtained 4-acetamido-3 : 5 : 4’-trimethyldiphenyl (0-5 g.), 
m. p. 236—239°, not depressed by an authentic specimen (m. p. 241°). After removal of the 
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solid acetylated products from fractions (i) and (ii), the oily residues were recovered, after 
boiling with hydrochloric acid, and shown qualitatively to consist largely of tertiary bases 
together with some secondary bases. 

Oxidation Experiments on the Products from Experiment (B).—(i) The acetyl derivative 
(2 g.), m. p. 198—200°, in glacial acetic acid (20 c.c.) was boiled under reflux while a concentrated 
solution of chromic anhydride in 90% acetic acid was gradually added. After a few hours the 
product was poured into water, and ether extracted benzoic acid, m. p. and mixed m. p. 120°. 

(ii) The acetyl derivative, m. p. 238—240°, was oxidised as described above. The precipitate 
obtained on dilution with water and also the solid extracted by ether were shown to be tere- 
phthalic acid by the preparation of the dimethyl ester (m. p. 139—140°). 

(iii) To a boiling suspension of the acetyl derivative (1-5 g.), m. p. 238—240°, in water 
(20 c.c.) containing magnesium sulphate (3 g.) was added a concentrated solution of potassium 
permanganate in small portions until the colour persisted (50 hours). The cold solution was 
then saturated with sulphur dioxide and the white insoluble product (1 g.) was filtered off, 
washed with water, and precipitated from alkaline solution (Found: C, 56-5; H, 4:2. Calc. 
for 4-acetamidodiphenyltricarboxylic acid: C, 59-5; H, 3-8%). On titration with N/10- 
alkali and phenolphthalein, 0-10 g. of the acid required 8-8c.c. The acid (0-5 g.) was esterified 
in absolute alcohol (30 c.c.) with dry hydrogen chloride, finally on the steam-bath. Ethyl 
4-acetamidodiphenyl-3 : 5 : 4'-tricarboxylate crystallised from light petroleum (b. p. 60—80°)- 
alcohol in white leaflets, m. p. 129—130° (Found: C, 65-0; H, 6-3. C,3;H,,;0,N requires C, 
64-65; H, 5-9%). 

Synthetical Experiments.—3 : 5-Dimethyldiphenyl. A dry ethereal solution of purified 
cyclohexanone (16 g.) was added gradually to an ethereal solution of 5-m-xylylmagnesium 
bromide (prepared from 30 g. of 5-bromo-m-xylene, 3-8 g. of magnesium, and 200 c.c. of ether), 
and the whole heated on the water-bath for 4 hour. The ice-cooled mixture was decomposed 
with dilute sulphuric acid, the ethereal layer separated and dried over sodium sulphate, the 
solvent removed, and the residual liquid distilled under reduced pressure, giving some 
unchanged cyclohexanone and then 1-(5’-m-xylyl)cyclohexanol at 150—160°/20mm. The latter 
was dehydrated by formic acid (Sherwood, Short, and Stansfield, J., 1932, 1833) to give 
1-(5'-m-xylyl)-A!-cyclohexene, b. p. 157—158°/20 mm. The cyclohexene derivative (14 g.) 
was heated with sulphur (3-8 g.) in an equal volume of quinoline at 250° for 2 hours, the 
evolution of hydrogen sulphide then ceasing. Dilute sulphuric acid was added to the cold 
mixture, which was then extracted with ether. The extract was washed with dilute sulphuric 
acid and with water, dried over sodium sulphate, and evaporated, and the residue distilled 
under reduced pressure. The almost colourless liquid obtained, b. p. 160—170°/20 mm., 
was purified by treatment with hydroferrichloric acid (compare Robinson, J., 1925, 127, 768), 
and 3: 5-dimethyldiphenyl (8 g.) obtained as a colourless liquid, b. p. 273—276° (Found: 
C, 92-0; H, 7-5. C,H,, requires C, 92-3; H, 7-7%). 

4-Acetamido-3 : 5-dimethyldiphenyl. Toa solution of 3 : 5-dimethyldipheny] (4 g.) in glacial 
acetic acid (15 c.c.) was gradually added nitric acid (d 1-42; 15 c.c.). After 12 hours, the 
solution was poured into water and extracted with ether. The washed (aqueous sodium carbon- 
ate, water) and dried (calcium chloride) extract was evaporated and the residual oil (3-5 g.) was 
dissolved in hot alcohol and added in small portions to a boiling solution of stannous chloride 
(20 g.) in concentrated hydrochloric acid (40 c.c.). This mixture was heated on the steam- 
bath for 2 hours, then made alkaline, and extracted with ether. Evaporation of the dried 
extract left a brown oil (3 g.), which was immediately acetylated on the addition of acetic 
anhydride. 4-Acetamido-3 : 5-dimethyldiphenyl crystallised from alcohol in fine white needles, 
m. p. 200—201° (Found : C, 80-4; H, 7-0; N, 5-9. C,,H,,ON requires C, 80-5; H, 7-2; N, 5-9%). 

3: 4’-Dimethyldiphenyl. A solution of 4-methylcyclohexanone (16-4 g.) in an equal volume 
of dry ether was added slowly to an ethereal solution of m-tolylmagnesium bromide prepared 
from 25 g. of m-bromotoluene, 3-6 g. of magnesium, and 200 c.c. of dry ether. After being 
heated on the water-bath for } hour, the solution was decomposed and then, by the methods 
described above under 3: 5-dimethyldiphenyl, 1-m-tolyl-4-methylcyclohexanol (15 g., b. p. 
155—165°/20 mm.), the corresponding cyclohexene, and 3: 4’-dimethyldipheny] (8 g.) were 
obtained, the last as a colourless liquid, b. p. 284—-287° (Kruber, Ber., 1932, 65, 1382, gives b. p. 
288—289°/752 mm.) (Found: C, 92-0; H, 7-4%). Nitration, reduction, and acetylation as 
described above gave 4-acetamido-3 : 4’-dimethyldiphenyl, m. p. 204—206° (Klieg] and Huber, 
Ber., 1920, 53, 1655, give m. p. 206°) (Found: C, 798; H, 67; N, 57%). 

3:5:4'-Trimethyldiphenyl. From 4-methylcyclohexanone (18 g.) and 5-m-xylylmagnesium 
bromide (prepared from 30 g. of 5-bromo-m-xylene and 3-8 g. of magnesium in 200 c.c. of dry 
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ether) were prepared, in turn, 1-(5’-m-xylyl)-4-methylcyclohexanol (16 g., b. p. 154—164°/ 
20 mm.), the cyclohexene, and (without quinoline as solvent) 3: 5 : 4’-trimethyldiphenyl (b. p. 
175—185°/23 mm.), which formed white needles (7 g.), m. p. 44—45°, after two crystallisations 
from alcohol (Found: C, 91-9; H, 7-6. C,;H,. requires C, 91-8; H, 8-2%). 

4-Acetamido-3 : 5 : 4'-trimethyldiphenyl. Nitration of 3 : 5 : 4'-trimethyldipheny] (2-5 g.) in 
glacial acetic acid (15 c.c.) with nitric acid (d 1-42; 15c.c.) gave, by the process already described, 
a red oil (2 g.), which slowly solidified. Recrystallisation from aqueous alcohol gave 4-nitro- 
3:5: 4'-trimethyldiphenyl in pale yellow needles, m. p. 94—95° (Found: N, 5-9. C,,;H,,O,N 
requires N, 5-8%). This was reduced, and the product acetylated, by the methods given above. 
4-Acetamido-3 : 5 : 4'-trimethyldiphenyl crystallised from absolute alcohol in fine white needles, 
m. p. 241—242° (Found: C, 80-0; H, 7-45; N, 5-2. C,,H,,ON requires C, 80-6; H, 7-5; 
N, 5-5%). 

The Action of Methyl Alcohol on 2-Aminodiphenyl Hydrochloride.—The following is a typical 
case. 2-Aminodiphenyl hydrochloride (50 g.) and methyl alcohol (24 g.) were heated at 250— 
300° in the autoclave for 12 hours. The product was recovered from the autoclave as in the 
previously described experiments, and extracted with benzene, first from strongly acid solution 
and then from alkaline solution. Evaporation of the former extract left a dark viscous nitro- 
genous residue (5 g.). The latter extract was dried and distilled and three fractions were 
collected as yellow viscous oils: (i) b. p. 315—335° (6 g.), (ii) b. p. 335—-350° (10 g.), and (iii) 
b. p. above 350° (4 g., collected under reduced pressure). These were heated separately with 
acetic anhydride, but no solid derivative was obtained. The bases from fractions (i) and (ii) 
were therefore recovered (15 g.) and shaken with p-toluenesulphonyl chloride (27 g.) in the 
presence of aqueous alkali. Hydrochloric acid was then added until the mixture was only 
faintly alkaline, but subsequent distillation with steam only gave a very small yield of tertiary 
base owing to its low volatility. When cold, an insoluble gum was separated from the solution, 
and on trituration with light petroleum—benzene a small quantity of a crystalline p-toluene- 
sulphonyl derivative (m. p. 250°) was obtained from it. Acidification of the alkaline filtrate, 
followed by extraction with ether and evaporation of the solvent, left a negligible residue. The 
main bulk of the alkali-insoluble matter, however, appeared to bea viscous tertiary base, which 
on warming with methyl iodide readily formed a methiodide. The crude methiodide, washed 
with acetone and twice crystallised from hot water, in which it formed a clear colourless solution, 
gave a dimethylphenanthridine methiodide in deep yellow needles, m. p. 293—295° (decomp.) 
(Found: C, 54-55, 55-0; H, 4-2, 4-55. C,,H,,NI requires C, 55-0; H, 46%). The picrate 
of the base, prepared in the usual manner, crystallised from absolute alcohol, in which it was 
only sparingly soluble, in yellow needles, m. p. 241° (decomp.) (Found: N, 12-7. C,,H,,0,N, 
requires N, 12-85%). 

Methylation of 2-Aminodiphenyl.—(a) With methyl sulphate (compare Bell, J., 1930, 1076). 
2-Aminodipheny] (10 g.) was added slowly to methyl sulphate (16 g.), the mixture being finally 
heated at 150° for 2 hours. The cold solidified mixture was broken up with addition of ice- 
water and, after addition of aqueous sodium hydroxide, was extracted with ether. A con- 
siderable amount of the insoluble methosulphate was removed by filtration, and evaporation of 
the dried extract left a viscous oil (2 g.), which on treatment with methyl iodide gave 2-di- 
methylaminodiphenyl methiodide in greyish-white plates (from aqueous alcohol), m. p. 228° 
(decomp.) (Found: C, 53-2; H, 5-5. C,;H,,NI requires C, 53-1; H, 5-3%). 

(b) With methyl iodide. 2-Aminodiphenyl (8 g.), methyl iodide (15 g.), and an aqueous 
solution of sodium carbonate (11 g.) were boiled under reflux until all the methyl iodide had 
been used up. After a further } hour’s boiling, the cold product was treated with aqueous 
sodium hydroxide and extracted with ether. A small quantity of 2-dimethylaminodiphenyl 
methiodide was filtered off (m. p. 228° after recrystallisation), and evaporation of the ether left 
a dark oil (7-5 g.), which distilled as a colourless viscous liquid, b. p. 280—285°, and consisted 
of a mixture of about equal parts of 2-methylaminodiphenyl and 2-dimethylaminodiphenyl. 

9-Methylphenanthridine (Morgan and Walls, /oc. cit.) gave on treatment with methyl iodide 
a methiodide which crystallised from hot water, in which it formed a clear colourless solution, 
in fine yellow needles, m. p. 260° (decomp.). The picrate of the base melted at 248° (decomp.). 
Pictet and Hubert (/oc. cit.) give m. p. 247° and 233° respectively. 


The authors acknowledge with thanks the receipt of a grant from the Chemical Society. 


THE UNIVERSITY, MANCHESTER. [Received, February 2nd, 1934.] 








650 Spring and Vickerstaff: The Resinols. Part Il. 


135. The Resinols. Part II. The Oxidation of a- and B-Amyrins 
with Chromic Anhydride. 


By F. S. Sprinc and T. VICKERSTAFF. 


Ox1IDATION of §-amyrin with chromic anhydride has been shown to give the 
ketone B-amyrone (Vesterberg, Ber., 1891, 24, 3834; Hormann, Arch. Pharm., 1930, 
268, 64). Using 2—3 mols. of chromic anhydride, we now find that 8-amyrin gives a 
neutral substance, Cy9H,,O0,, together with acidic products. The former is a monoketone 
characterised by its semicarbazone, m. p. 232°. It is improbable that the second oxygen 
atom is present as a hydroxyl group, as the original substance is recovered unchanged 
after treatment with acetic anhydride and no methane is evolved on treating the substance 
with methylmagnesium iodide. In contradistinction to f-amyrin and $-amyrone, the 
substance Cy9H,,O, is saturated in that it gives no coloration with tetranitromethane in 
chloroform solution. That §-amyrone is an intermediate in the oxidation of 8-amyrin to 
the substance Cy9H,,0, is shown by the formation of the latter by the further oxidation of 
8-amyrone with chromic anhydride. It follows that the substance Cy9H,,O0,, 8-amyrone 
oxide (III), is formed by addition of an oxygen atom to the ethenoid linkage of B-amyrone 
(II). 
From the acid products of the oxidation of 8-amyrin a crystalline acid, m. p. 252°, was 
separated which gave analytical data in agreement with the formula C39H,,0,;. This 
acid is a saturated oxide-dicarboxylic acid (IV or V), from which it is clear that its formation 
is due to fission of the group —CO-CH,- in 8-amyrone oxide (III). The main bulk of 
the acid mixture is non-crystalline, but readily yields a crystalline dimethyl ester, m. p. 
268°, analysis of which indicates the formula Cy9H,,0; for the parent acid. Hydrolysis 
of the ester gave a non-crystalline resinous acid. The formation of two isomeric oxide- 
dicarboxylic acids, Cy9H,,0;, indicates the existence of the cyclic group -CH,-CO-CH, 
in §-amyrone. The mechanism of the oxidation of B-amyrin (I) is indicated in the following 
scheme : 
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a-Amyrin behaves in a similar manner to B-amyrin when oxidised with excess of chromic 
anhydride, giving «-amyrone oxide together with a non-crystalline acid. The former is 
also prepared by the further oxidation of «-amyrone; it gives a well-crystallised mono- 
semicarbazone and behaves in exactly the same way as its 6-isomeride towards tetranitro- 
methane and the Grignard reagent. 

The non-crystalline acid is characterised by its dimethyl ester, analysis of which indicates 
the formula Cs9H,,0, for the parent acid. The dimethyl ester does not react with semi- 
carbazide acetate, hydroxylamine, or acetic anhydride; it is consequently an oxide- 
dicarboxylic acid of the type (IV) or (V). ° 

From the close parallelism between the behaviour of «- and §-amyrin on oxidation, it 
is probable that, in so far as the hydroxyl group and the ethenoid linkage are concerned, 
the two resinols have similar constitutions (I) and that the structural differences occur in 
the C,,H,, residue. 

EXPERIMENTAL. 

Oxidation of B-Amyrin.—$-Amyrin (10 g.), dissolved in glacial acetic acid (500 c.c.), was 

treated with a solution of chromic anhydride (8 g.) in glacial acetic acid (100 c.c.), added during 
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2 hours, the mixture being mechanically stirred and maintained at 70° throughout. After a 
further 2 hours, a solid was precipitated with water, collected, dissolved in ether, and extracted 
with 10% caustic soda solution. On evaporation the ethereal solution of the neutral products 
yielded a thick yellow oil, which on treatment with acetone gave 3 g. of crude B-amyrone oxide, 
m. p. 220°. 

B-Amyrone Oxide.—After repeated crystallisation from acetone, the oxide was obtained in 
colourless plates, m. p. 237°, [a]j + 143° (c = 6-3 in chloroform) (Found: C, 82-2, 82-1; 
H, 10-6, 10-4; M, 423. Cj9H,,O, requires C, 81-8; H, 109%; M, 440). The semicarbazone 
was obtained by mixing cold solutions of B-amyrone oxide and semicarbazide acetate in ethyl 
alcohol. After 2 days the solution was diluted with water, and the precipitate recrystallised 
from methyl alcohol; m. p. 232° (Found: N, 8-2. C,,H,;,O,N; requires N, 8-4%). 

Acid Products from the Oxidation of B-Amyrin.—The caustic soda solution of the acids was 
acidified and extracted with ether. On evaporation a thick viscous yellow resin was obtained. 
This was dissolved in ethyl acetate and after several days a crystalline acid separated. The 
yield of this acid was very small, 0-15 g. being obtained by the oxidation of 20 g. of B-amyrin. 
It was sparingly soluble in ether, alcohol, chloroform, and ethyl acetate. After several crystal- 
lisations from methyl] alcohol it separated in small cubes, m. p. 252° [Found: C, 73-9; H, 
9-7; equiv., 251. C,,H,,O, (dibasic) requires C, 73-8; H, 9-8%; equiv., 244]. The acid 
(0-1 g.) was boiled with a solution of acetic anhydride in pyridine for 3 hours. After precipit- 
ation with water and recrystallisation the acid was recovered unchanged. The dimethyl ester 
formed by the action of diazomethane upon the acid could not be crystallised. Neither the 
acid nor the non-crystalline ester would give a semicarbazone or an oxime. 

The resin remaining after removal of the crystalline acid was found to have a molecular 
weight of 500 by Rast’s method. Titration with caustic soda indicated an equivalent weight 
of 270. The resin was dissolved in twice its weight of dry methyl alcohol, and hydrogen chloride 
passed in until the solution was saturated. After 24 hours a solid was precipitated with water, 
collected, dissolved in ether, and separated into neutral and acid fractions. The neutral fraction 
yielded a product which after two recrystallisations from alcohol formed colourless needles, 
m. p. 268°, [a]p + 137° (c = 6-7 in chloroform) (Found: C, 74-3; H, 10-2. C,,H,;,0, requires 
C, 74:5; H, 10-1%). 

Hydrolysis of this ester gave a non-crystalline acid, m. p. 286°. Neither the acid nor its 
ester gave any coloration with tetranitromethane in chloroform solution, thus indicating their 
saturated nature. 

The Oxidation of «-Amyrin and «-Amyrone.—The methods used were exactly as described 
for the B-series. Both a-amyrin and a-amyrone yielded a-amyrone oxide, m. p. 193°, [a]7" + 141° 
(c = 9-5 in chloroform) (Found: C, 82-8, 82-6; H, 10-6, 10-4. C,,H,,O, requires C, 81-8; 
H, 10-9%). The semicarbazone had m. p. 223° (Found: N, 8-3. C;,H;,0O,N; requires 
N, 84%). The a-amyrone oxide yielded no methane when treated by the Zerewitinoff 
method. 

From the acid products no crystalline free acid could be isolated, but on esterification with 
methyl alcohol and hydrogen chloride a dimethyl ester was obtained, separating from methyl 
alcohol in needles, m. p. 251°, [«]» + 170° (¢ = 8-9 in chloroform) (Found: C, 74-6; H, 9-3; 
M, 523. C3,H;,0,; requires C, 74-5; H, 10-1%; M, 516). 


THE UNIVERSITY, MANCHESTER. [Received, March 1ith, 1934.] 





136. The Condensation of 1: 8-Naphthalyl Chloride with 
m-LEthylcarbonatodimethylaniline. 


By WILLIAM R. Brown and FREDERICK A. MASON. 


PREVIOUS attempts (J., 1933, 1264) to prepare basic phthalide derivatives analogous in 
structure to that suggested for the “ blue sodium salt ’’ of Rhodamine B were unsuccessful. 
Satisfactory results have now been obtained by condensing 1 : 8-naphthalyl chloride with 
m-ethylcarbonatodimethylanmiline, 4' : 4''-bisdimethylamino-2' : 2''-bisethylcarbonatodiphenyl- 
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1 : 8-naphthalide (1) being obtained, though in very small yield, as a well-crystallised 


substance with characteristic and interesting properties : 
Alc.Ba(OH), 
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(I.) (II.) (III.) 
[Green Saale salt.] 
When warmed cautiously with 10% aqueous sodium hydroxide, this substance afforded 
a deep green solution, changing rapidly to blue, blue-violet, and then to a strongly fluores- 
cent red, with formation of the corresponding 1 : 8-naphtharhodamine (II). If, however, 
a cold 10% methyl-alcoholic solution of barium hydroxide was used, a colourless solution 
was first obtained which, when warmed gently, became deep green and on prolonged 
heating turned green-blue and finally blue-red. From the deep green solution so formed 
there was obtained a colourless sulphate, m. p. 176—180°; this gave in methyl alcohol a 
pale green solution which turned immediately an intense deep green on the addition of barium 
hydroxide, but in dilute alcoholic sodium hydroxide it dissolved to a purple-blue solution 
which gradually became red. From its properties and general behaviour it is probably 
the sulphate of 4’: 4’’-bisdimethylamino-2’-hydroxy-2”-ethylcarbonatodipheny]l-1 : 8- 
naphthalide, the green coloration being due to the formation of (III), whilst the transient 
deep blue colour in aqueous alkali would be due to the formation of the alkali salt (III, 
with Na in place of CO,Et), the analogue of the “ blue sodium salt ” of Rhodamine B. 
Attempts to obtain such a blue salt by treating 1 : 8-naphtharhodamine with concen- 
trated aqueous sodium hydroxide solution gave completely negative results. 


EXPERIMENTAL. 


m-Ethylcarbonatodimethylaniline.—m-Hydroxydimethylaniline (137 g.) was dissolved in 10% 
sodium hydroxide solution (400 c.c.), and ethyl chlorocarbonate (110 g.) run in during 
30 minutes with continuous agitation and ice-cooling. The still alkaline liquid was extracted 
with ether (2000 c.c.) in four portions. After removal of the ether, the ethylcarbonato-derivative 
was distilled under diminished pressure; b. p. 160—164°/13 mm. (Found: C, 62-8; H, 7:3; 
N, 6-6. C,,H,,;0,N requires C, 63-1; H, 7-2; N,6-7%). Yield, 157 g. (75% of the theoretical). 

Condensation with naphthalyl chloride. 1: 8-Naphthalyl chloride (25-3 g. ; 0-1 g.-mol.) (Mason, 
J., 1924, 125, 2116), dissolved in tetrachloroethane (50 c.c.), was added slowly to a solution of 
m-ethylcarbonatodimethylaniline (41-8 g.; 0-2 g.-mol.) in tetrachloroethane 100 c.c.), the 
liquid becoming red-brown. After cooling in ice, powdered aluminium chloride (15 g.) was 
added cautiously, the mixture slowly becoming purple-red. After 24 hours, carbon disulphide 
(300 c.c.) was added and the supernatant liquid was decanted from the tarry condensation 
product. This was well drained, ethyl alcohol (200 c.c.) added with stirring and cooling, and 
after a day the finely crystalline 4’ : 4’’-bisdimethylamino-2' : 2''-diethylcarbonatodiphenyl-1 : 8- 
naphthalide was filtered off and recrystallised from toluene, forming pale cream-coloured micro- 
scopic needles (5 g.), m. p. 253—254° (decomp.) (Found : C, 68-5; H, 6-0; N, 4-5. (C,,H,,0,N, 
requires C, 68-2; H, 5-6; N, 47%). 

The chief properties of this substance have been described above. In addition, on heating 
for a short time with concentrated sulphuric acid the corresponding naphtharhodamine was 
formed; the latter was prepared more conveniently by boiling 5 g. of the condensation product 
with 40 c.c. of 10% potassium hydroxide solution; on acidification with acetic acid the acetate 
of the dye was precipitated as a fine red precipitate, almost insoluble in cold water, sparingly 
soluble in hot, and readily soluble in alcohol and acetone, which dyed silk from a hot acetic acid 
bath in bluish-red shades. The absorption spectrum in aqueous solution showed a maximum 


at A = 562-5 up. 
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4’ : 4"’-Bisdimethylamino-2'-hydroxy-2''-ethylcarbonatodiphenyl-1 : 8-naphthalide (?).—The di- 
ethylcarbonato-condensation product obtained as described above (0-5 g.) was dissolved in 10% 
methyl-alcoholic barium hydroxide solution (10 c.c.) and methyl alcohol (10 c.c.) and heated 
to incipient ebullition for about 1 minute. The solution was cooled rapidly and treated with 
dilute sulphuric acid with ice-cooling until it was just acid to Congo-red paper. The mixture 
was then cautiously warmed and filtered with the aid of a pump. After 24 hours the pink 
solution deposited colourless crystals of the sulphate, which became bluish on drying; m. p. 
176—180° (decomp.). It dissolved readily in water to a nearly colourless solution and in 
dilute aqueous sodium hydroxide to a purple-blue solution. The small amount of material 
available did not suffice for analysis, except for identification of the sulphate ion. 


The authors thank Imperial Chemical Industries Ltd. and the Clayton Aniline Co, Ltd. 
for generous gifts of chemicals, 
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137. The Synthesis of Compounds Related to the Sterols, Bile Acids, 
and istrus-producing Hormones. Part III. 7-Methoxy-1 : 2-cyclo- 
pentenophenanthrene, a Dehydrogenation Product of Cstrin and 
Equilenin. 

By A. CouEN, J. W. Cook, C. L. Hewett, and (in part) A. GIRARD. 


THE selenium dehydrogenation of methoxyeestratriene * to a compound giving analytical 
data in agreement with a methoxycyclopentenophenanthrene has already been reported 
(Cook and Girard, Nature, 1934, 188, 377), and it has now been found that the methyl ether 
of ‘‘ desoxo ”’-equilenin is dehydrogenated to the same substance. Hence equilenin, which 
forms a considerable proportion of the cestrogenic substances present in mares’ urine during 
the later stages of prégnancy (Sandulesco, Tchung, and Girard, Compt. rend., 1933, 196, 
137), contains the same ring system as cestrone, with the hydroxylgroup in the same position. 
Moreover, 7-methoxy-1 : 2-cyclopentenophenanthrene (VIII) has now been synthesised and 
found to be identical with this dehydrogenation product of the hormone derivatives. This, 
therefore, provides conclusive proof that the ring system of cestrin and equilenin is the 
same as that of the sterols and bile acids, and that the hydroxyl group is attached to the 
same position in this ring system as the hydroxyl group of cholesterol. It also follows that it 
is ring I of cestrone and cestriol which is aromatic, a conclusion reached by Danielli, Marrian, 
and Haslewood (Biochem. J., 1933, 27, 311) on the basis of surface-film measurements. The 
elegant conversion of cestriol into 1 : 2-dimethylphenanthrene by Butenandt, Weidlich, and 
Thompson (Ber., 1933, 66, 601) had already demonstrated the presence of the phenanthrene 
ring system in cestrone and cestriol, but did not rigidly define the position of attachment 
of the additional five-membered ring, a limitation which these authors recognised. 

Analyses of the methyl ethers of both equilenin and its ‘‘ desoxo ’’-derivative, and of 
the picrate of the latter substance, were all in good agreement with the formulation, C,;gH,,0., 
assigned to equilenin by its discoverers (Girard, Sandulesco, Fridenson, and Rutgers, Compt. 
rend., 1932, 195, 981), and so the formation of 7-methoxy-1 : 2-cyclopentenophenanthrene 
from equilenin, as also from cestrone, involves the loss of a methyl group during selenium 
dehydrogenation. This points strongly to the attachment of this methyl group to a 
quaternary carbon atom, from which it follows that there are only two possible structures 
(I and II) for “ desoxo ”’-equilenin, since equilenin is a saturated substance which forms a 
stable picrate (Girard e¢ al., loc. cit.). 
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* For the nomenclature of cestrin derivatives, see Adam et al. (Nature, 1933, 182, 205). 
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The methyl ether of a compound represented by structure (II) * was isolated in the pen- 
ultimate stage of the synthesis of 7-methoxy-1 : 2-cyclopentenophenanthrene, and was 
found to be different from the methyl ether of “‘ desoxo ”-equilenin. However, this does 
not exclude structure (II) for the natural product, as there would be cis- and ¢rans-isomerides 
(both resolvable) of (II). 

For the synthesis of 7-methoxy-1 : 2-cyclopentenophenanthrene by the type of method 
elaborated for the parent hydrocarbon (Cook and Hewett, J., 1933, 1098) it was necessary 
first to devise a method for the preparation of 1-bromo-6-methoxynaphthalene. 1-Naph- 
thylamine-6-sulphonic acid (Cleve’s acid) was readily converted by the Sandmeyer reaction 
into 1-bromonaphthalene-6-sulphonic acid, in which the sulphonic acid group could not be 
replaced without displacement of bromine. The conversion of 6-hydroxy-1-naphthylamine 
(Sachs, Ber., 1906, 39, 3016) into 6-methoxy-1-naphthylamine (V) by acetylation of the 
amino-group, methylation of the hydroxy] group, and finally hydrolytic removal of acetyl 
was readily accomplished on a small scale, but was unsuitable as a preparative method on 
account of the facility with which the aminonaphthol undergoes aerial oxidation. As the 
starting point in our eleven-stage synthesis of 7-methoxy-1 : 2-cyclopentenophenanthrene 
we ultimately used 5-nitro-2-naphthylamine (III), which Friedlander and Szymanski 
(Ber., 1892, 25, 2076) obtained, together with the 8-nitro-compound, by addition of 
8-naphthylamine nitrate to concentrated sulphuric acid below 0°. The 5-nitro-compound 
was converted into 5-nitro-2-naphthol (IV), which was methylated with methyl #-toluene- 
sulphonate, and the product was reduced to 6-methoxy-l-naphthylamine (V). 


NO, NO, NH, 
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By the Sandmeyer reaction, (V) was converted into 1-bromo-6-methoxynaphthalene, but the 
yield was only 4%, and no better result was obtained by the Gattermann method. How- 
ever, the equally useful 1-iodo-6-methoxynaphthalene was obtained from (V) in yields of 
45% and greater. The Grignard compound of this iodonerolin condensed with ethylene 
oxide to give §-6-methoxy-l-naphthylethyl alcohol, which was then converted into the 
chloride. 

For two reasons we used 2-methylcyclopentanone and not cyclopentanone for interaction 
with the Grignard solution prepared from this chloride. In the first place, we wished to 
prepare the compound (VII) for comparison with its isomeride obtained from equilenin 
(see above). Secondly, it was shown in previous communications (Cook and Hewett, 
J., 1933, 1108; this vol., p. 365) that the cyclisation of 1-(8-1’-naphthylethyl)-At-cyclo- 
pentene gives, in addition to cyclopentanotetrahydrophenanthrene, considerable amounts 
of isomeric spirans; for example, the pure picrate of 7 : 8-dihydrophenalylspirocyclo- 
pentane was isolated in 28% yield. We inferred from experiments recorded by Harper, 
Kon, and Ruzicka (this vol., p. 124) that spiran formation is lessened and perhaps com- 
pletely avoided when a methyl group is attached to carbon atom 2 of the cyclopentene ring, 
although these authors cited no evidence of the homogeneity of their cyclisation product. 
On theoretical grounds also, we anticipated that cyclisation of 1-(8-6’-methoxy-1'-naphthyl- 
ethyl)-2-methyl-A'-cyclopentene (V1) would give less unwanted spirans than the analogous 
compound without the methyl group. Actually, we isolated 97% of the distilled cyclis- 
ation product of (VI) in the form of the homogeneous picrate of 7-methoxy-1-methyl-1 : 2:3: 4- 
tetrahydro-| : 2-cyclopentenophenanthrene (VII). 


* (Added in proof.) The free hydroxy-compound (II) has been obtained by demethylation of the 
synthetic methoxy-compound (VII) and was found to produce a strong cestrous response in castrated 
mice when injected in doses of 10 mg. These biological experiments were carried out by Mr. I. Hieger 
and are being continued in order to determine the minimum dose which suffices for cestrogenic 
activity. 
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The absence of spiran formation in this reaction is clearly conditioned by the methyl 
group’s electron-repelling influence, of which it is an interesting illustration. For, the 
+ I effect of this methyl group will tend to set up an electromeric change in the sense 
shown in formula (VI), so that a proton from the naphthalene nucleus will be attracted to 
the position denoted by an asterisk, and hence cyclisation must proceed as shown. Spiran 
formation would require attachment of the anionoid carbon atom 2’ or 8’ of the naphthalene 
nucleus to position 1 of the cyclopentene ring. The methoxy-group at 6’ (VI) would, of 
course, exert no appreciable influence on the reactivity of the meta-position 8’. 

Selenium dehydrogenation of (VII) gave 7-methoxy-1 : 2-cyclopentenophenanthrene 
(VIII) in 50% yield. That the quaternary methyl group has undergone elimination and 
not migration during this process, as also in the analogous dehydrogenations of the hormone 
derivatives, is clearly demonstrated by the consistent analytical figures given by the well- 
crystallised, constant-melting methoxycyclopentenophenanthrene and two derivatives 
(picrate and s-trinitrobenzene complex). 

Dr. J. D. Bernal has very kindly made a crystallographic comparison, by optical and 
also X-ray methods, of our three samples of 7-methoxy-1 : 2-cyclopentenophenanthrene 
prepared by synthesis and by dehydrogenation of the two hormones. He reports that they 
are crystallographically identical. 


EXPERIMENTAL. 
(Microanalyses by Dr. A. Schoeller are marked with an asterisk; all m. p.’s are corrected.) 


Derivatives of Equilenin (with A. G1RARD). 


The equilenin used in these experiments was isolated from the urine of pregnant mares, and 
was separated from cestrone by making use of the fact that, unlike cestrone, equilenin forms a 
stable picrate. 

Methyl Ether of Equilenin.—A mixture of equilenin (1 g.), 10% aqueous potassium hydroxide 
(4 c.c.), and methyl p-toluenesulphonate (1-3 g.) was heated on the steam-bath for 24 hours, 
more 10% potassium hydroxide solution (5 c.c.) being added after 14 hours. The crude methy/ 
ether was moderately pure; a sample (50 mg.) was twice recrystallised from alcohol (charcoal), 
forming colourless slender needles, m. p. 195-5—197-5° (to a pink liquid) in a pre-heated bath 
(*Found : C, 81-3; H, 7-2. C,,H, O, requires C, 81-4; H, 7-2%). 

Kishner—Wolff Reduction.—The remainder of the crude methoxy-compound was dissolved 
in boiling alcohol (100 c.c.), and the solution treated with semicarbazide hydrochloride (1 g.) and 
sodium acetate (1 g.) dissolved in water (15 c.c.). The whole was set aside at room temperature 
for 24 hours; the amorphous semicarbazone was then collected and washed; it had m. p. 
273—-275° (uncorr.; decomp.) and was very sparingly soluble in the usual media. The semi- 
carbazone was suspended in sodium ethoxide solution (from 1 g. of sodium and 20 c.c. of alcohol) 
and heated at 180° for 20 hours. The reduction was accompanied by complete demethylation, 
the product being an uncrystallisable gum, soluble in dilute alkali. This was re-methylated by 
the procedure already described, and the solid methyl ether was recrystallised from alcohol 
(yield, 0-55 g.). This methyl ether (I or II) crystallised from methyl alcohol in long colourless 
needles, m. p. 121—122° (*Found: C, 85-5; H, 8-2. C,H,,O requires C, 85-6; H, 8-3%). 
The picraie crystallised from alcohol in well-formed, bright red needles, m. p. 128—129° (*Found : 
C, 60-8; H, 5-1. C,,H,,0O,C,H,O,N, requires C, 60-6; H, 5-1%). 

Dehydrogenation.—The methyl ether (I or II) (0°35 g.) was heated with selenium (0-5 g.) at 
300—320° for 8 hours (examination of the product suggested that the period of heating had been 
too short). After extraction with ether and removal of the solvent, the material was distilled 
over sodium at 0-2 mm. (bath temperature slowly raised to 180°). The higher fractions of the 
distillate crystallised immediately; the whole was dissolved in hot alcohol, and the solution 
allowed to crystallise. The resulting methoxycyclopentenophenanthrene (70 mg.), recrystallised 
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from alcohol, formed colourless leaflets, m. p. 134-5—135-5° (*Found : C, 86-8; H, 6-4. Calc. : 
C, 87-05; H, 65%). This substance, its picrate (m. p. 137—137-5°), and its s-trinitrobenzene 
complex (m. p. 161—162°) did not depress the m. p.’s of the corresponding compounds prepared 
from oestrone (Cook and Girard, /oc. cit.). 


Sodium 1-Bromonaphthalene-6-sulphonaie. 


A solution of sodium 1-naphthylamine-6-sulphonate (24-5 g.) in water (150 c.c.) and hydro- 
bromic acid (d 1-4; 40 c.c.) was diazotised at 0° with a solution of sodium nitrite (7-25 g. in 
50 c.c.). The diazo-solution was gradually added to cuprous bromide (14-4 g.) in hydrobromic 
acid (d 1-4; 100 c.c.), the temperature being maintained at 75—80°. After } hour the solution 
was cooled to 0°, and the crystalline product collected, dried (11 g.), and recrystallised twice 
from dilute sodium hydroxide solution, and finally from water. Sodium 1-bromonaphthalene- 
6-sulphonate formed colourless leaflets containing 1 mol. of water of crystallisation which was 
lost at 100° (Found : Br, 25-65. C,H,O,BrSNa requires Br, 25-9%). 


Synthesis of 7-Methoxy-1 : 2-cyclopentenophenanthrene. 

5-Nitro-2-naphthylamine (III).—-8-Naphthylamine (900 g.) was added to a boiling solution 
of urea (15 g.) in water (61.) and concentrated nitric acid (450 c.c.). The nitrate (1230 g.) was 
dried, powdered, and added gradually to well-stirred concentrated sulphuric acid (8 1.), the tem- 
perature being maintained at — 5°. The resulting solution was poured into water (60 1.), the 
whole was boiled and filtered, and the sulphates which crystallised were treated with excess of 
boiling dilute aqueous ammonia. The bases were recrystallised from alcohol and then from 
benzene, yielding 185 g. of pure 5-nitro-2-naphthylamine, m. p. 144-5°. 

5-Nitro-2-naphthol (IV).—A mixture of concentrated sulphuric acid (130 c.c.) and water 
(130 c.c.) was added to a fine suspension of 5-nitro-2-naphthylamine (65 g.) in glacial acetic acid 
(260 c.c.), and the product diazotised at 10° with sodium nitrite (26 g. in 100 c.c. of water) 
(compare Vesely and Dvorak, Bull. Soc. chim., 1923, 33, 324). Urea (3°5 g.) was then added, 
and the clear solution slowly run into boiling 5% sulphuric acid (81.). The whole was filtered 
while still boiling, and the dark coloured residue repeatedly extracted with boiling acidified 
water until extraction of the nitronaphthol was complete (about 81. in all). 5-Nitro-2-naphthol 
(49 g.) crystallised in orange needles, m. p. 147—149° (lit., 147°). 

1-Nitro-6-methoxynaphthalene.—A mixture of the aforesaid nitronaphthol (121 g.), 10% 
aqueous potassium hydroxide (420 c.c.), and methyl p-toluenesulphonate (147 g.) was heated on 
the steam-bath for 3 hours, more potassium hydroxide (140 c.c.) being added after 1} hours. 
After cooling, the product was collected and recrystallised from methyl alcohol, giving 115 g. 
of 1-nitro-6-methoxynaphthalene. A sample crystallised from cyclohexane in pale yellow, micro- 
scopic plates, m. p. 74-5—75-5° (Found : C, 65-3; H, 4-5. C,,H,O,N requires C, 65-0; H, 4-5%). 

6-Methoxy-1-naphthylamine (V).—Reduction of the nitronerolin (110 g.) was effected by 
West’s method (J., 1925, 127, 494) and gave 75 g. of 6-methoxy-1-naphthylamine, b. p. 190°/13— 
14mm. A sample of the distilled amine crystallised from light petroleum in colourless needles, 
m. p. 73—74° (Found: C, 76-2; H, 6-4. C,,H,,ON requires C, 76-3; H, 6-4%). The acetyl 
derivative had m. p. 142-5—143-5° alone or mixed with a sample prepared as described by Sachs 
(loc. cit.), and the benzoyl derivative crystallised from alcohol in pinkish needles, m. p. 184—185° 
(Found: N, 5-2. C,,H,;0O,N requires N, 5-05%). 

Hydrolysis of the acetamidonerolin (0-5 g.) prepared from Schaffer’s acid by the method of 
Sachs was effected by heating on the steam-bath for an hour with sulphuric acid (1 c.c.) in alcohol 
(10 c.c.). The same methoxynaphthylamine was obtained, identification being completed by 
conversion into the benzoyl derivative just described. 

1-Bromo-6-methoxynaphthalene.—A diazo-solution prepared from the aminonerolin (V) was 
added to a solution of cuprous bromide in 48% hydrobromic acid at 70—80°, and the product 
isolated and distilled at 0-05 mm. (bath at 110°). The liquid distillate (yield, 4%) gave the 
picrate of 1-bromo-6-methoxynaphthalene, which crystallised from alcohol in orange needles, 
m. p. 105—106° (Found: Br, 16-8. C,,H,OBr,C,H,0,N;, requires Br, 17-1%). 

1-Iodo-6-methoxynaphthalene.—A solution of 6-methoxy-l-naphthylamine sulphate (62 g.) 
in hot 2N-sulphuric acid (425 c.c.) was cooled to 0°, and the suspension diazotised with sodium 
nitrite (20 g. in 100 c.c. of water). Excess of nitrous acid was destroyed with urea, and the 
solution was gradually added to a solution of potassium iodide (85 g.) in 2N-sulphuric acid 
(380 c.c.). After being kept at room temperature for an hour, the whole was heated on the 
steam-bath for 15 minutes (more prolonged heating is undesirable), cooled, and extracted with 
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ether. The ethereal extract was washed, first with sodium bisulphite solution, then with dilute 
alkali, and finally water, and was dried and the ether removed. The residue distilled at 135— 
140°/0-2 mm. and gave a brownish-yellow oil (35-5 g.) which eventually crystallised. After 
recrystallisation from light petroleum, 1-iodo-6-methoxynaphthalene formed an almost colourless, 
crystalline powder, m. p. 33—33-5° (Found: I, 44-4. C,,H,OI requires I, 44:-7%). Its picrate 
formed orange needles, m. p. 98—99° (Found: I, 24-65. C,,H,OI,C,H,0O,N, requires I, 
24-7%). 

6-6-Methoxy-1-naphthylethyl Alcohol.—A Grignard solution prepared from 1-iodo-6-methoxy- 
naphthalene (34 g.) and magnesium turnings (3-2 g.), activated with methylmagnesium iodide, 
in anhydrous ether (135 c.c.) was treated with ethylene oxide (7'5 g.) exactly as for the preparation 
of 8-l-naphthylethyl alcohol (J., 1933, 1107). The resulting methoxynaphthylethy! alcohol 
formed a viscous yellowish liquid (12-5 g.), b. p. 160—165°/0-3 mm. The 3: 5-dinitrobenzoate, 
obtained by brief heating at 100° with 3 : 5-dinitrobenzoyl chloride in pyridine, crystallised from 
benzene in yellow needles, m. p. 177-5—178°, which lost their lustre when dried at 90° (*Found : 
C, 60-6; H, 4:1. C.)H,,O,N, requires C, 60-6; H, 4:1%). 8-6-Methoxy-1-naphthylethyl 
alcohol, obtained by hydrolysis of the pure ester and distilled at 0-2 mm., from an air-bath heated 
at 120—130°, formed an almost colourless, viscous gum (Found: C, 77-0; H, 7-0. C,,;H,,O, 
requires C, 77-2; H, 7-0%). After some weeks this crystallised (m. p. 35—36°). 

8-6-Methoxy-1-naphthylethyl Chloride.—An ice-cold solution of the aforesaid carbinol (14 g.) 
in dimethylaniline (9 c.c.) was treated in the usual way with thionyl chloride (5-2 c.c.), and the 
chloride distilled at,0-2 mm. (oil-bath at 160—165°). There were obtained 12-4 g. of a pale 
yellow, somewhat viscous liquid, the picrate of which separated from alcohol as an orange powder, 
m. p. 74—76° (Found : Cl, 7-8. C,3;H,,0C1,C,H,O,N, requires Cl, 7-9%). 

1-(8-6’-Methoxy-1'-naphthylethyl)-2-methyl-A'-cyclopentene (V1).—The 2-methylcyclopentan- 
one required for this was obtained in good yield by the method of Cornubert and Borrel (Bull. 
Soc. chim., 1930, 47, 301), no modification being necessary (contrast Kon, J., 1933, 1085). 

To an ice-cold Grignard solution prepared from methoxynaphthylethyl chloride (12 g.), 
magnesium turnings (1-4 g.), and anhydrous ether (40 c.c.) was slowly added 2-methylcyclo- 
pentanone (6 g.). The whole was kept at room temperature for an hour, and was finally warmed 
for 4 hour. The product was decomposed with ice and ammonium chloride, and was then 
washed and fractionated. The carbinol fraction, b. p. 185—190°/0-15 mm., formed a very 
viscous, yellowish liquid (6 g.), which was dehydrated by heating for an hour at 160—165° with 
potassium hydrogen sulphate (9 g.). The cyclopentene derivative (VI) formed a somewhat 
viscous, pale yellow liquid (5-15 g.), b. p. about 157°/0-15 mm. Its picrate crystallised from 
alcohol in pale orange, microscopic needles, m. p. 90—91° (not clear below 96°) (*Found: C, 
60-15; H, 5-0. C,H,,0,C,H,O,N, requires C, 60-6; H, 5-1%). 

The residue from the distillation of the above carbinol was dissolved in hot benzene. On 
standing, the cold solution deposited «8-di-(6-methoxy-1-naphthyl)butane, colourless microscopic 
needles, m. p. 150—150-5° (*Found: C, 84:3; H, 7-0; M, Rast method, 334, 340. C,,H,,O, 
requires C, 84-3; H, 7-1%; M, 370). 

7-Methoxy-1-methyl-1: 2:3: 4-tetrahydro-1:2-cyclopentenophenanthrene (VII).—Finely 
powdered anhydrous aluminium chloride (6 g.) was gradually added to an ice-cold solution of 
the cyclopentene derivative (VI) (4-8 g.) in carbon disulphide (50 c.c.). After being kept in ice 
for 7 hours with occasional shaking, the clear solution was decanted from the aluminium chloride 
sludge (the latter was not examined, as in analogous cases this fraction gave only polymeric 
substances) and was shaken with dilute hydrochloric acid and then with water. After removal 
of the solvent the product was distilled at 0-2 mm. (bath temperature, 195—200°), and the 
viscous distillate (3-35 g.) was treated with picric acid (4 g.) in alcohol. The resulting picrate 
(5-62 g.) of 7-methoxy-1-methyl-1 : 2:3: 4-tetrahydro-1 : 2-cyclopentenophenanthrene formed 
bright red needles, m. p. 89-5—90° (*Found: C, 60-7; H, 5-0. Cj, ,H,,0,C,H,;O,N, requires 
C, 60-6; H, 5-1%). The material recovered from the alcoholic liquors after removal of picric 
acid was treated with s-trinitrobenzene, and gave 0-45 g. of the complex described below. 

The methoxy-compound (VII), regenerated from the pure picrate, formed a thick yellowish 
gum which refused to crystallise (Found : C, 85-7; H, 8-1. CygH,,O requires C, 85-6; H, 8-3%) ; 
it gave a s-trinitrobenzene complex which separated from methyl alcohol in long scarlet needles, 
m, p. 110—110-5° (*Found: C, 62-7; H, 5-2; N, 8-5. C,,H,,0,C,H,;O,N; requires C, 62-6; 
H, 5-3; N, 8-8%). 

7-Methoxy-1 : 2-cyclopentenophenanthrene (VIII).—The tetracyclic methoxy-compound (VII) 
(1 g.) was heated with selenium (1-5 g.) at 300—320° for 214 hours. The product, which crystal- 
lised on cooling, was extracted with ether, the ether removed from the filtered solution, and the 
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residue recrystallised from alcohol. The resulting greyish solid (0-43 g.) was heated with 
sodium (40 mg.) at 170° for a few minutes, and then sublimed at 140—150°/0-05 mm. The white 
sublimate (0-36 g.) was twice recrystallised from alcohol and then formed colourless leaflets, 
m. p. 1836—137° (*Found: C, 87-3; H, 6-3; OMe, 12-3. C,gH,,O requires C, 87-05; H, 6-5; 
OMe, 12-5%). This synthetic 7-methoxy-1: 2-cyclopentenophenanthrene (VIII), like the 
specimens obtained from cestrone and equilenin, gave a magenta solution in concentrated 
sulphuric acid, which rapidly faded to orange-yellow. After an hour or so the colour became 
green and a dark red fluorescence developed. A further 0-1 g. of this methoxy-compound was 
isolated by vacuum distillation of the residue from the alcoholic liquors from which the original 
crude material had separated. 

The picrate of (VIII) crystallised from alcohol in light red needles, m. p. 136-5—137-5° 
(*Found : C, 60-3; H, 4-0. C,,H,,O,C,H,O,N; requires C, 60-4; H, 4-:0%). This picrate was 
easily dissociated, for dilute solutions slowly deposited colourless crystals of the methoxy- 
compound, even in presence of excess of picric acid. 

The s-trinitrobenzene complex of (VIII) formed golden-orange needles, m. p. 161—161-5° 
(*Found: C, 62-5; H, 4-1. C,sH,,0,C,H,O,N, requires C, 62-4; H, 4-15%). 

There were no depressions of m. p.’s when the three substances last described were mixed 
with the corresponding compounds prepared by dehydrogenation of methoxycestratriene. The 
m. p. of 1 : 2-cyclopentenophenanthrene (135°) was depressed 20—30° by the 7-methoxy-com- 
pound. 


One of us (A. C.) is working under a grant from the Medical Research Council, for which we 
express our thanks. 
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138. Acid Salts in Systems of the Type Monobasic Acid—Alkaline- 
earth Salt-Water. 


By LEONARD J. DUNN and JAMEs C. PHILIP. 


In continuation of earlier work from this laboratory (Sandved, J., 1927, 2967), a number 
of ternary systems of the type described in the title have been studied. Some 
corresponding binary systems (i.e., acid + salt) have been systematically examined by 
Kendall and his collaborators, who found that the tendency of a given acid to form an- 
hydrous acid salts diminished as the electropositive character of the metal in the salt became 
lessmarked. With the introduction of water as a third component, the conditions govern- 
ing the formation and stability of acid salts naturally become more complex, and the 
present investigation is a contribution to the experimental exploration of these conditions. 
Reference should be made in this connexion to a recent paper by Ross and Morrison (J., 
1933, 1016), who review earlier work and present an experimental study of the systems 
mandelic acid—metal mandelate—water. 


EXPERIMENTAL. 


The procedure followed was that customary in phase-rule studies of ternary systems, in- 
volving the attainment of equilibrium at a constant temperature (25° + 0-01°) and the subse- 
quent analysis of the saturated solution and the corresponding wet solid. From the data so 
obtained graphical methods, as shown by Schreinemakers, gave not only the course of the 
saturation curves but also the composition of the corresponding solid phases. 

The materials used were the best obtainable commercially and were further purified when 
considered necessary. Many of the salts were prepared from the pure acid and the hydroxide 
or carbonate of the base. For the determination of acidity, carefully standardised baryta 
solution was employed, and appropriate gravimetric methods were used for the estimation of 
the metals, except occasionally in the case of calcium. All percentage compositions quoted in 
the tables and diagrams below refer to 100 g. of mixture. 
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Results. 

A. Systems in which Formic Acid is the Acid Constituent.—(1) Formic acid—barium formate— 
water. The saturated solution of barium formate in water at 25° contains 23-51 g. of anhydrous 
salt per 100 g. of the solution, in agreement with the value interpolated from Stanley’s results 
(Chem. News, 1904, 89, 193). According to Krasnicki (Sitzungsber. K. Akad. Wiss. Wien, 
1887, 96, 736), barium formate crystallises from water as the dihydrate, but no evidence of this 


Fie. 1. 
(HC02)2Ba 


(HC02)pBa,HCOzH 


Hy0 ACOpH 


was found in the present investigation. The experimental data in Table I—set out graphically 
in Fig. 1*—show that the solid phase in equilibrium with saturated solutions containing up to 
about 20% of formic acid is the anhydrous salt. 


TABLE I. 
Saturated solution. Moist solid. 


H-CO,H. —_Ba(HCO,),. H-CO,H. —_Ba(HCO,),. Solid phase. 
0-00 23°51 —_ _ (H-CO,),Ba 
5°39 24-25 2-16 69°8 

10°57 25°03 5°46 61-2 
15°41 25°72 7-27 64-9 
22-43 26°87 10°50 65-9 
23°38 26-09 20°45 517 
28-49 24-71 22-62 543 
38°07 23-11 27°77 52°5 
47°5 22-56 30°16 56-9 
58-4 23-45 37°34 54-0 
65°8 25°72 38°7 57°7 








The acid salt H*CO,H,Ba(H°CO,),, recorded by Kendall and Adler (J. Amer. Chem. Soc., 
1921, 48, 1474) in their investigation of the binary system acid + salt, is now shown to be the 
stable solid phase in contact with solutions containing as much as 50% of water. It can be 
obtained in well-formed crystals which, if exposed to air, lose half their acid content in about 


8 days. 
The composition of the solution at the point where the two saturation curves intersect is 


* This figure, as also some of the later ones, includes results which, from considerations of space, 
have been omitted from the tables, 
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21:8% H-CO,H, 26-7% Ba(H-CO,),, 51-5% H,O. Metastable conditions were realised in one 
case, where the anhydrous salt was the solid phase in a solution containing 24-5% H*CO,H. 
Extrapolation of the saturation curve for the acid salt to the adjacent side of the triangle in 
Fig. 1 indicates a value for the point of section in agreement with Kendall and Adler’s measure- 
ments (/oc. cit., p. 1476). 

(2) Formic acid-strontium formate—watery.—The saturated solution of strontium formate in 
water at 25°—the dihydrate being the solid phase—contains 12-52 g. of the anhydrous salt per 


Fic. 2. 


(HC02)pSr, 2Hy0 


Ho0 HCOpH 


100 g. of solution, in agreement with the value interpolated from Stanley’s measurements 
(loc. cit.).* The results for the ternary system are set out in Table II and Fig. 2. 


TABLE II. 


Saturated solution. Moist solid. 
H-CO,H. — Sr(H-CO,),. H-CO,H. — Sr(H-CO,).. Solid phase. 








0-00 12°52 ~— a (H-CO,),Sr,2H,O 
18-01 13-30 5°75 61-2 

34°24 14:17 12°51 58°4 

41°5 15-28 15°18 58°8 

48-0 16-40 30°52 40°8 

53°4 18-27 18°59 61-2 rs 

57°3 20-07 19-80 72°8 (H-CO,),Sr 

61-5 20°51 45°9 40°7 jn 

63°3 20°74 47°3 40°7 a 

64:7 20-94 44°8 45°3 se 

70°5 22-04 19°38 79°8 2(H-CO,),Sr,H-CO,H 
72°3 22°54 20°49 78°7 . 

74:3 23-03 23-06 76-6 yy 


A first inspection of Fig. 2 would suggest that there are only two saturation curves, 
but careful examination of the wet solids showed clearly that there must be three, though the 
point of intersection of two of these [estimated to be at 68-7% H*CO,H, 21-3% Sr(H-CO,),, and 
10-0% H,O] is not very definite. The dihydrate, the anhydrous salt, and the acid salt, 
H-CO,H,2Sr(H°CO,),, are the solid phases successively in equilibrium with solutions of diminish- 


* The figures given for the solubility in Stanley’s paper are in error, and were recalculated from 
his analytical data. 











we 


we 
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ing water content. The composition of the solution which is in equilibrium with both dihydrate 
and anhydrous salt is 55-9% H*CO,H, 20-0% Sr(H°CO,),, and 24-1% H,O. ; 

(3) Formic acid—calcium formate-water. The calcium formate in the solutions of this 
system was estimated by evaporation and subsequent drying at a gentle heat. Special experi- 
ments showed that this method was accurate. The weighed wet solids were dissolved in excess 
water, and an aliquot portion of the resulting solution was taken for the estimation of the 
calcium formate content. 

The value obtained for the solubility of calcium formate in water at 25°—14-43 g. of anhydrous 
salt per 100 g. of saturated solution—is in good agreement with those interpolated from the 
results of Lumsden (J., 1902, 81, 355) and of Krasnicki (Joc. cit.). As appears from the data set 








TABLE III. 
Saturated solution. Moist solid. 
H-CO,H. Ca(H-CO,),. H-CO,H. Ca(H:-CO,).. Solid phase. 
0-00 14-43 — -- (H-CO,),Ca 

18°48 12-11 5°97 71°8 * 
27°41 11°16 8°33 73°2 os 
36°31 10°20 8°41 79°2 ” 
53°3 8°42 18°74 67°9 % 
61°6 7°60 25°55 61°9 » 
69°9 6°86 14°15 81-1 ” 
85°4 5°43 19°16 78°7 »» 


out in Table III and Fig. 3, anhydrous calcium formate is the only stable solid phase throughout 
the whole range of solutions investigated, i.e., up to 90% formic acid content. 


Fic. 3. 
(HC02)2Ca 






































Hod HCO.H 


(4) Formic acid—magnesium formate—water. In contrast with the behaviour of the barium 
and strontium salts, but in agreement with that of calcium formate, the solubility of magnesium 
formate in water is lowered by the addition of formic acid. The saturated solution of mag- 
nesium formate in water at 25°—the dihydrate being the solid phase—contains 12-23 g. of 
anhydrous salt per 100 g. of solution. As shown by the data of Table IV and the graphical 
representation of Fig. 4, there is only one saturation curve and one stable solid phase, the 
dihydrate, over the range of solutions investigated, which extended to over 90% formic acid 
content. It is clear from this that magnesium formate must have a considerable affinity for 
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water. Indeed, it was observed that if excess of the powdered anhydrous salt were stirred with 
90% formic acid, the full quantity of water of crystallisation was taken up by the solid phase. 


Fic. 4. 
(HC02)2 Mg 


(HCOz)2 Mg, 


H20 
TABLE IV. 
Saturated ‘Solution. Moist solid. 


H-CO,H. MEH ‘CO,)». H-CO,H. Mg(H-CO,),. Solid phase. 
0-00 2-23 oa one (H-CO,).Mg,2H,O 
15°73 10: 10 12-09 25-77 ~ 
8-01 9°08 56°7 2 
6-22 12°47 57°6 a 
4°68 21°53 51°3 
3°19 22°84 54:3 ~ 
2°15 30°51 51-3 








B. Systems in which Acetic Acid is the Acid Constituent.—(1) Acetic acid—barium acetate— 
water. According to Iwaki (Mem. Coll. Sci., Kyoto, 1914, 1, 81), the three solid phases suc- 
cessively in equilibrium with solutions of increasing acid content are Ba(CH,°CO,),,3H,O, 
3Ba(CH,°CO,),,3CH,°CO,H,11H,O, and Ba(CH,°CO,),,2CH,°CO,H. (For the examination of 
the binary system barium acetate-acetic acid, see Davidson and McAllister, J. Amer. Chem. 
Soc., 1930, 52, 514.) , 

The present investigation of this system was limited to a confirmation of the hydrated acid 
salt recorded by Iwaki; the results obtained were in better agreement with his formulation than 
with the simpler Ba(CH,°CO,),,CH,°CO,H,4H,O. The latter requires 65-9% salt, 15-5% acid, 
and 18-6% water, while Schreinemakers’s method applied to the experimental data indicates a 
solid phase containing 66-7% salt, 15-9% acid, and 17-4% water, much closer to the com- 
position of Iwaki’s compound. 

(2) Acetic acid—strontium acetate-water, The saturated solution of strontium acetate in 
water at 25°, the solid phase being 2Sr(CH,°CO,),,H,O, was found to contain 28-79 g. of an- 
hydrous salt per 100 g. of solution, in good agreement with Osaka and Abe (Mem. Coll. Eng., 
Kyoto, 1911—12, 3, 51). The experimental data for the ternary pater are set out in Table V 
and the corresponding graphical representation in Fig. 5. 

The solid phases successively in equilibrium with solutions of increasing acid content are 
2Sr(CH,°CO,),,H,O, 5Sr(CH,°CO,),,5CH,°CO,H,9H,O, and Sr(CH,°CO,),,2CH,°CO,H,2H,O. 
The formulation of the second of these phases was deduced by careful graphical treatment of 
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TABLE V. 
Saturated solution. Moist solid. 


CH,‘CO,H. Sr(CH,-CO,),. ‘CH,-CO,H. Sr(CH,°CO,).. Solid phase. 
0-00 28°79 pt ome 2(CH,‘CO,),Sr,H,O 
2°75 28-20 . 73-0 


11-62 22-09 16°57 51-0 5(CH,°CO,),Sr,5CH,°CO,H,9H,O 
22-63 18-27 . 39°22 ° a 
33°10 16-49 36°52 i 
41-6 15°56 43:1 ‘a 
50-4 15-21 42-2 2 
57°3 15-25 32-64 (CH,-CO,),Sr,2CH,°CO,H,2H,O 
65-2 14-32 53° 29°77 2 
71-9 14-42 51 36°75 a 
76°1 16-90 55+! 36°54 " 





(CH, COz)2Sr 


A A. 2(CH;C02)25r, H,0 
B. 5(CHsC0>)z Sr, 5CH,CO,H, 9Hy0 


















































Hed CH,CO,H 


the data on large-scale co-ordinate paper, and is definitely in better agreement with these data 
than the simpler, and not very different, formula Sr(CH,°CO,),,CH,;°CO,H,2H,O (see Villiers, 
Compt. rend., 1877, 85, 1234). The second acid salt, Sr(CH,°CO,),,2CH,°CO,H,2H,O, has not 
been described previously. Both acid’ salts are produced in well-formed crystals from acetic 
acid solutions of appropriate concentration, but lose acid rapidly when removed from their 
mother-liquors and exposed to air. 

It is obvious that, in addition to the saturation curves shown in Fig. 5, there must be a 
fourth, corresponding with either anhydrous strontium acetate or an anhydrous acid salt as 
the solid phase. This fourth saturation curve must be very short, since the compound 
Sr(CH,°CO,),,2CH,°CO,H,2H,O was shown to be the stable solid phase even in a solution con- 
taining only 7% water. The separation and identification of the solid phase from still more 
concentrated acid solutions presented considerable difficulties and could not be satisfactorily 
achieved. 

(3) Acetic acid—calcium acetate—water. The saturated solution of calcium acetate in water 
at 25°—the solid phase being Ca(CH,°CO,),,H,O0—was found to contain 26-10 g. of anhydrous 
salt per 100 g. of solution. Lumsden (J., 1902, 81, 355) found the value 25-5, with the dihydrate 
as the solid phase. 

The experimental data for the ternary system * are set out in Table VI, and the corresponding 

* This system had already been studied in this laboratory by Miss J. L. Philip and the data in 
Table VI are mainly her results. 
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graphical representation in Fig. 6. Apart from the short saturation curve for the hydrate of 
calcium acetate, there is an extensive saturation curve corresponding to the hydrated acid salt 
Ca(CH,°CO,),,CH,*CO,H,H,0 as the stable solid phase—a compound already recorded by Villiers 
(loc. cit., p. 756). The composition of the solution saturated with both the hydrated calcium 
acetate and the hydrated double salt is 7-6% acetic acid, 25-1% calcium acetate, and 67-3% 
water. 

Fic. 6. 


(CH3C02),Ca 


(CHyC02)2Ca, CHyCOpH, H20 
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TABLE VI. 
Saturated solution. Moist solid. 


CH,CO,H. Ca(CH,CO,), CH,°CO,H. Ca(CH,-CO,),. Solid phase. 
0:00 26°10 =a — (CH °CO,),Ca,H,O 

42°6 te 

42°8 ~ 

55°3 - 

35°5 (CH,-CO,),Ca,CH,-CO,H,H,O 

36°58 

38°5 

36°2 

36°0 

26°5 

34°21 








25°4 
24°3 
24°7 
21-7 
18°73 
14°7 
1 . 


Pa 
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Accurate investigation of the solid phase in equilibrium with solutions containing over 90% 
acetic acid is not possible, but somewhere in that region the saturation curve for the hydrated 
acid salt must be cut by another curve corresponding presumably with the compound 
Ca(CH,°CO,),,CH,°CO,H as solid phase, the existence of this compound having been established 
by a study of the binary system calcium acetate—acetic acid (Davidson and McAllister, Joc. 
cit.). As shown by these authors, the solubility of calcium acetate in anhydrous acid at 25° is 
extremely small. 

(4) Acetic acid—magnesium acetate-water. This system has been examined by Iwaki (loc. 
cit.), whose results pointed to the existence of the double salts 2Mg(CH,°CO,),,3CH,*CO,H,3H,O 
and 5Mg(CH,°CO,),,10CH,-CO,H,7H,O. Satisfactory quantitative results are, however, not 
easily obtained because of the exceptional viscosity of the solutions (compare Rivett, J., 1926, 
1065) and the difficulty of securing an adequate separation of the solid phase. 

C. Systems in which Benzenesulphonic Acid is the Acid Constituent.—The four ternary systems 
of this type which have been examined—containing the barium, strontium, calcium, and 
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magnesium salt respectively—are remarkably similar. In all cases there is only one saturation 
curve within the range of concentrations used (up to about 50% acid), and this curve corresponds 
in each case with a hydrate of the salt as the solid phase—the same hydrate as is in equilibrium 
with the saturated aqueous solution in the absence of acid. The solubility of the salt in all 
four cases is rapidly reduced with progressive increase of the acid concentration until, in 50% 
acid solution, the solubility is exceedingly small. This will be evident on inspection of the 
experimental data set out in Table VII, and of Fig. 7. This figure, which is the graphical re- 
presentation of the data for the barium salt, will serve as typical of the other cases in which 


Fic. 7. 
(PhS03)2 Ba 


(PhS03)2 Ba, H20 


H,0 PhS0,H 


benzenesulphonic acid is the acid constituent. It is clear that in none of these cases is there 
any tendency to form acid salts—a result in harmony with the observations of Bassett and 
Taylor on the system Ca(NO;),-HNO,-H,0 (J., 1912, 101, 581). 


TABLE VII. 


Saturated solution. Moist solid. Saturated solution. Moist solid. 
Ph-SO,H. Ba(Ph-SO,),. Ph:SO,H. Ba(Ph‘SO,),. Ph*SO,H. Sr(Ph-SO,),. Ph*SO,H. Sr(Ph-SO,)s. 
0-00 14:33 om 0:00 15°37 pa 


9°71 6°20 6°24 
14°60 3°92 6°35 
19-62 2°65 7°56 
28°67 1-10 12°97 
35°96 0°37 21°21 
43°8 0°23 20°64 
50°0 0°12 27°61 





7°93 8°51 6°38 26°43 
10°56 6°43 8°90 22°84 
14°12 5°10 10°59 28°66 
19°29 3°26 17°10 13-79 
28°49 2°39 19°02 33°71 
41°8 0°31 29°32 28°09 
44°7 0°16 38°84 12°67 
49°6 0°07 43°0 12°59 


Ph-SO,H. Ca(Ph°SO,;),. Ph:SO;H. Ca(Ph°SO;),. Ph*SO,;H. Mg(Ph°SO;),. Ph'SO,;H. Mg(Ph:SO;).. 

0°00 28°07 — — 0:00 8°26 — 
15°01 15°78 —_— — 5°27 5°41 — 
27°30 8°18 18°03 37°32 13°88 2°36 —_ 
36°12 4:09 25°13 31°04 16°78 2°02 6°15 
37°33 3°48 26°26 30°33 28°81 2°01 10°28 
64°00 0-07 — —_— 40°2 1:20 _ 

47°0 0-92 29°18 

62°5 0°14 — 
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With the barium, strontium, and calcium benzenesulphonates the stable solid phase was the 
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monohydrate in each case, although for the strontium salt the application of Schreinemakers’s 
method to the data for the most dilute acid solutions left a little doubt as to whether the solid 
phase was the monohydrate or the anhydrous salt. The data for the more concentrated acid 
solutions, however, pointed quite definitely to the monohydrate as the stable solid phase at 25°. 
With the magnesium salt the evidence is on the whole in favour of the hexahydrate being the 
stable solid phase, although the results obtained by Schreinemakers’s method indicated a hydrate 
of somewhat lower water content. 





DISCUSSION. 


The present paper is mainly a record of experimental work, and accordingly at- 
tention will be directed only to certain general relationships which have emerged. A 
comprehensive theoretical treatment of this field cannot profitably be undertaken until 
many more data are available. 

A comparison of the three acids which have been employed shows that with acetic 
acid there is extensive formation of acid salts, with formic acid this tendency is much less, 
and with benzenesulphonic acid it appears to be entirely absent (cf. Bassett and Taylor, 
loc. cit.). It is noteworthy also that the concentration of acid required to permit the 
formation of an acid barium salt is distinctly smaller with acetic acid (4%) than with 
formic acid (22%).* 

So far as the different metals are concerned, it would appear that the tendency to form 
acid salts falls off in the order barium, strontium, calcium: this at least is the case with 
formic acid. A barium acid formate is stable in a solution containing a minimum of 22% 
acid, the strontium acid formate is not stable below about 68% acid, while no calcium acid 
salt is formed even in an 85% formic acid solution. The position with acetic acid, however, 
is not so clear cut. 

It has often been remarked that an increase in the solubility of a salt on the addition of 
the corresponding acid foreshadows a change in the solid phase. This rule is verified in 
the case of barium and strontium formates; further, the definite decrease of solubility 
observed with calcium and magnesium formates, and, more strikingly, with all the benzene- 
sulphonates, in none of which cases has any change of solid phase been observed, is note- 
worthy. With acetic acid, however, there is a decrease of solubility of the alkaline-earth 
salt on the first addition of acid, and yet in the majority of cases an acid salt is formed 
on further addition : this appears from Tables V and VI and Figs. 5 and 6 (see also Sandved, 
loc. cit.; Iwaki, loc. cit.). 

SUMMARY. 


The equilibria prevailing at 25° in systems of the type monobasic acid—alkaline-earth 
salt-water have been determined experimentally with formic, acetic, and benzenesulphonic 
acids, the compositions of the solid phases present being deduced by Schreinemakers’s 
method. 

Of the three acids examined, acetic acid exhibits the greatest, and benzenesulphonic 
acid the least, tendency to the formation of acid salts. For a given acid, barium appears 
to form acid salts most readily, followed in order by strontium and calcium. 


IMPERIAL COLLEGE, LONDON, S.W. 7. (Received, March 1ith, 1934.] 












139. Alternation in Long-chain Compounds. Part II. An X-Ray 
and Thermal Investigation of the Triglycerides. 


By CHARLES E. CLARKSON and THOMAS MALKIN. 


AN interesting and unexplained property of the triglycerides is that usually referred to as 
their ‘‘ double melting.” As is well known (Meyer—Jacobson, Bd. I, Tl. II, p. 134), crystal- 
lised tristearin melts at 71°, but if the specimen has been previously melted and suddenly 


* Experiments with the system monochloroacetic acid—barium monochloroacetate—water indicated 
that an acid barium salt was not formed below a concentration of 69% acid. 
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cooled, it first melts at 55°, then solidifies and melts again at 71°. This property appears 
to be general for the higher triglycerides, but recent work has indicated the existence of 
still another melting point (Othmer, Z. anorg. Chem., 1915, 91, 240; Nicolet, Ind. Eng. 
Chem., 1920, 12, 741; Loskit, Z. physikal. Chem., 1928, 184, 135); e¢.g., with tristearin, 
melting followed by resolidification has also been observed at 65°. We now find that this 
property of “triple melting” is general for all the triglycerides that we have examined 
(tricaprin to tristearin), but whereas the two lower melting points lie on smooth curves 
(Fig. 3, «, y), the highest melting points exhibit the well-known property of alternation 
(Fig. 3, 8). 

We considered it probable that the above phenomena might be due to a type of poly- 
morphism similar to that found in the simple esters of fatty acids (Smith, J., 1931, 802; 
Malkin, ibid., p. 2796; Trans. Faraday Soc., 1933, 29, 977), in which case X-ray investig- 
ation would be expected to disclose the nature of the structural changes. 

Examination by this means does, in fact, reveal a close parallelism between the glycerides 
and the simple fatty esters. The latter have been shown to exist in two modifications, a 
stable form (8), in which the long chains are inclined with respect to the planes formed by 
the terminal methyl groups, and a less stable form («), in which the chains are vertical and 
rotating (Malkin, Joc. cit.). Both forms are now found to exist in the triglycerides, a stable 
§-form with inclined chains, and a monotropic «-form with vertical chains, the melting 
points lying respectively on curves 8 and «, Fig. 3. In harmony with the views advanced 
by one of us (loc. cit.), the melting points of the inclined 6-forms alternate, whilst those of 
the vertical a-forms lie on a smooth curve. ; ; 

The third and lowest-melting form of the triglycerides, which is obtained by rapid cooling 
of the molten solid, is not truly crystalline, but possesses rather the characteristics of a glass. 
The X-ray photograph is of a simpler type than that of the «- and 6-forms and shows only a 
single diffuse side band (see Plate I). 

The above results offer a satisfactory explanation of the complex melting phenomena of 
the triglycerides and also afford strong support for the views on alternation previously 
advanced. 


Preparation of the Triglycerides.—The glycerides were made from highly purified acids and 
glycerol. Tricaprin and trimyristin were made by the method used by Miss Stephenson in the 
case of tripalmitin, viz., the action of the acid chloride on glycerol in the presence of pyridine 
(Biochem. J., 1913, 7, 432). Trilaurin, tripentadecylin, tripalmitin, trimargarin, and tristearin 
were prepared by heating together 5—10% excess of the theoretical amount of the appropriate 
fatty acid with glycerol for 5—6 hours. For the first hour the temperature was slowly raised 
to 160° at ordinary pressure; it was then slowly raised to 180—190°, a vacuum being gradually 
applied up to 10—15 mm. (essentially the method of Scheij, Rec. trav. chim., 1899, 18, 169). 

Both the above methods gave good yields, but we were unable to obtain satisfactory results 
from methods involving the use of tribromopropane and silver or sodium salts. We were able 
to confirm the observations of Bhattacharya and Hilditch (Proc. Roy. Soc., 1930, A, 129, 469) 
that the direct esterification is accelerated by the presence of aromatic sulphonic acids; ¢.g., 
in the presence of 1—2%, of p-toluenesulphonic acid, palmitic acid and glycerol gave a good yield 
of tripalmitin after 2} hours’ heating at 150°, the pressure being reduced after one hour to 
10—15 mm. 

The crude glycerides were freed from excess fatty acid by two or three crystallisations from 
alcohol, in which the triglycerides other than tricaprin and trilaurin are sparingly soluble. Final 
crystallisations were as follows: Tricaprin from alcohol; trilaurin from alcohol—benzene; 
trimyristin and tripentadecylin from benzene; tripalmitin, trimargarin, and tristearin from 
toluene. 

We gratefully acknowledge gifts of specimens of the somewhat inaccessible triundecylin and 
tritridecylin from Professor Verkade (cf. Rec. trav. chim., 1932, 51, 850), and of even-acid 
glycerides from Professor Watson (cf. Joclecar and Watson, J. Indian Inst. Sci., 1930, 18, A, XI, 
119) which enabled us to carry out preliminary experiments. 

Thermal Examination.—Most of the m. p. data of the triglycerides have been obtained by 
capillary-tube methods. The m. p.’s of the vitreous and of the stable 8-form are easily obtained 
by cooling the molten glyceride rapidly and taking the m. p. in the usual manner. Occasionally 
there is an indefinite change in appearance at some intermediate temperature, but as a rule a 
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slightly different procedure is necessary in order to observe the middle m. p. clearly. The m. p. 
of the vitreous form is first determined by immersing the rapidly cooled glyceride in a bath at a 
temperature at which it just melts and resolidifies (glassy  «-form). The middle m. p. is then 
determined in the same way, the bath temperature at which this form melts and resolidifies 
(a 8 change) being found by trial. Finally, the highest m. p. is taken in the usual way. 

We find that the explanation of the above difference in procedure lies in the fact that the 
metastable «-form changes into the stable 8-form at temperatures below its m. p., the velocity of 
the change increasing rapidly as the m. p. is approached. For instance, in the first of the above 
methods, the heat of crystallisation evolved in the change glassy ~ «-form, together with the 
steady rise in the temperature of the bath, invariably brings about the « ~ 8 change before the 
m. p. of the «-form is reached. Consequently, the latter is not observed. 

In view of the fact that there does not appear to have been any systematic investigation of 
the cooling and heating curves of the glycerides, we decided to adopt this method for the deter- 
mination of the m. p.’s. 0-75—1-0G. of the triglycerides was taken in small jacketed tubes and 
heated or cooled in a Dewar flask containing water at the desired temperature, the temperature 
of the specimen being recorded every half minute by means of a copper—constantan thermocouple 
and a sensitive millivoltmeter. 

The curves for trilaurin, AB, BC, Fig. 1, which are typical, show the m. p.’s of the 
a- and 8-forms by two well-marked arrests on BC. In this particular case, the first arrest 
gradually disappears if the specimen is kept at room temperature for some time, thus show- 
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ing that the « ~ 8 change is occurring (B’C’ and B’’C” were taken respectively after 1 and 
3 hours’ standing). Three changes are therefore taking place at the first arrest on BC, viz., 
a— liquid, «—~ 8, and liquid ~ 8, the last of these being responsible for the sharp rise in 
the curve to the second arrest. 

The curves for glycerides of odd acids differ slightly in detail from the above owing to 
the fact that the changes « ~ 8 and liquid ~ § are considerably slower. This is indicated 
by a much longer duration of the first arrest, and occasionally, if too high a temperature 
gradient is used, by complete melting at this point without indication of the second arrest. 

The rapidity with which the $-modification is formed depends, not only upon whether 
the acid chains are even or odd, but also upon the length of the chain, ¢.g., the «-forms of 
trilaurin and tricaprin change into the §-forms with increasing velocity at room temperature, 
whereas at this temperature the a-forms of myristin and higher members appear to be 
indefinitely stable. 

This point is conveniently demonstrated by means of a polarising microscope. Whena 
layer of molten glyceride is spread on a microscope slide, the «-form separates first as 
spherulites, which between Nicols give characteristic uniaxial crosses. This form is there- 
fore readily distinguished from the stable 8-form which does not show this effect. Fig. 5, 
Plate I, is a microphotograph of the «-form of trilaurin taken immediately after solidi- 
fication, and Fig. 6 is the same specimen after } hour. The appearance has completely 
changed, and all the uniaxial crosses have disappeared. Fig. 7 on the same plate is a 
microphotograph of the «-form of tristearin after several days’ standing. 

The curves D, D’, D”, Fig. 1, for trilaurin illustrate the method of determination of the 
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m. p.’s of the glassy forms. The molten specimen is rapidly cooled in solid carbon dioxide- 
ether, and placed in a bath at a temperature found by trial to benear the m. p. At tem- 
peratures too high, the curve rises rapidly past the temperature of the bath, without show- 
ing any marked discontinuity, D’, whilst at temperatures too low, there is a pronounced 
arrest before the temperature begins to rise, D’’. The m. p. is taken as the intermediate 
temperature where the arrest is just sharply noticeable, D. 

For glycerides with longer acid chains than trilaurin, a smaller degree of cooling will 
bring about solidification in the glassy form. For instance, ice-salt is suitable for glycerides 
of Cy3, Cy4, and C,, acids, and ice for the higher members. The latter, in fact, solidify 
mainly to a glass if cooled to room temperature, giving curves of the type shown by the 
discontinuous lines in Fig. 1 (tristearin). Such curves are readily distinguished from those 
previously described by the coincidence of the setting and melting points, the absence of 
supercooling, and the unusually steep rise after melting. In these cases a smaller cooling 
gradient is required to ensure solidification in the «-form. 

The definite, though relatively small, heat absorption during fusion, shown by the curves 
for the glass, is in agreement with recent work on the specific heats of glasses (Gibson and 
Giaque, J. Amer. Chem. Soc., 1923, 45, 93; Parks and Huffman, J. Physical Chem., 1927, 
31, 1843; Parks, Huffman, and Cattoir, ibid., 1928, 32, 1366; Tammann and Bandel, 
Z. anorg. Chem., 1930, 192, 129, 193), and is incompatible with the view that a glass is merely 
a supercooled liquid. The difference between the crystalline and the glassy state appears to 
be that, in the former, the molecules have attained a state of minimum potential energy 
by an ordered neutralisation of the binding forces, whereas in the latter these forces are only 
partially and irregularly neutralised. In other words, the molecules in a glass have the 
same disorder as in the liquid state, but have neither the kinetic energy to overcome the 
attractive forces, nor the mobility to move into a position of minimum potential energy. 

Dispersed throughout the glass will be a number of minute crystalline aggregates 
(nuclei, crystallites), owing to the fact that in the liquid immediately prior td cooling, a 
certain small proportion of the molecules (dependent on the temperature) occupy positions 
suitable for crystal formation (cf. Randall, Rooksby, and Cooper, Z. Krist., 1930, 75, 196). 

From the preceding account, it is clear that the nature of the solid separating from a 
molten glyceride depends on the initial temperature of the liquid, the rate of cooling, and 
the length of the acid chains. Generally, with temperatures only slightly higher than the 
m. p. and very slow cooling, $-separation occurs; with higher initial temperatures and 
rather quicker cooling, a-separation; and rapid cooling causes glass formation. Of the 
two crystalline forms, the «- invariably separates first, provided, of course, that the liquid 
be maintained below the m. p. of this form. Variation of conditions of cooling results in the 
separation of mixtures of the various forms, and this we consider is responsible for the 
results of Weygand and Griinzig (Z. anorg. Chem., 1932, 206, 304), who claim to have found 
seven different forms of the triglycerides. Since we find no confirmation of this complexity 
from our thermal and X-ray work, and since, moreover, details of the determination of the 
m. p.’s of the different forms are lacking, it will be sufficient to reproduce their m. p.’s in 
graph form (Fig. 2). These clearly indicate the existence of three main solid modifications. 

The m. p.’s obtained by us are given in the following table and plotted in Fig.3. Values 
obtained by the more recent workers (locc. cit.) are also given. Joclecar and Watson term 


Othmer. Loskit. Watson. Present authors. 


a ¢ ‘ my c ‘ 
ie II. III. i. II. Ill. Ri II. p-. a-. Glass.* 
70°8° 64:5° 54:5° 71°8° 65°4° 55° 71°8° 55° 715° 65°0° 54°5° 
63°5 61-0 
64:8 55:0 45-4 65°6 46-2 65°5 56-0 
54:0 51°5 
41°8 32:1 56°55 485 47°0 56°5 833 57:0 =46°5 
,», tridecylin 44:0 41:0 
», laurin 46°4 36°4 46:2 18 46°4 35°0 
», undecylin 30° =. 265 
», caprin 31-0 25°0 31°6 315 180 
* These temperatures are not, of course, true m. p.’s, but are the mean of a small melting range 
They usually vary by +1°. 
xx 
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the forms, here given as I and II, the «- and @-forms; they correspond to our B- and 
glassy forms respectively. 


X-Ray Investigation —The X-ray photographs were taken on a Miiller spectrograph, using 
a Metalix X-ray tube with a copper anticathode (Cu, K,, y = 1-54 A.), running at « 8 mA. 
The distance of the specimen from the plate was 6 cm. 

The pure glycerides, after crystallisation from solvents, were pressed or melted into a thin 
layer on a glass strip (‘‘ pressed ” and “‘ melted ” layers) and rotated through the X-ray beam. 
Exposures of 1 and 2 hours were usually necessary for the pressed and melted layers respectively. 
The former give the spacings of the stable 6-form, and the latter give rise to the spacings of the 
«- or vitreous form, according to the rate at which the layer is allowed to cool. With the excep- 
tion of a few of the more rapid transitions of the lower glycerides, changes of form can be 
followed by means of the X-rays; e.g., arapidly cooled melted layer of tripalmitin gives the one 
diffuse side band of the glass (Fig. 16, Plate I) ; if it is maintained for a few minutes slightly above 
the m. p. of the glass, the spacings of the «-form appear ; and if, finally, it is maintained for some 
time at a temperature slightly below the m. p. of the §-form, the spacings of this form take the 
place of those of the «-. In this way, the identity of the forms involved in the thermal changes 
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has been established. The long spacings of the «- and B-forms are given in the following table 
and plotted in Fig 4. The side spacings are given in the succeeding table. 


Long spacings of the triglycerides (A.U.). 


No. of C atoms in acid ......... 10 11 12 13 14 15 16 17 18 
Stable B-form ........cecccecceeees 268 296 31:2 34:1 35°38 389) «696406435 45 
Unstable a-form * ..........++++ a 33-0 «9356 4 «=60637°7)0 412 429 456485 Tt «(506 
Vitreous OGM ..ccccccescccccsceess No long spacings. 


* As a rule only two orders appear for this form, and consequently the data are not quite so accur- 
ate as those for the B-forms. We consider the error to be less than +0°3 A.U. 

+ The only datum in the literature on synthetic glycerides is a measurement on trimargarin by 
Trillat, who found 48°0 A.U. No details were given (Compt. rend., 1925, 180, 1838). 


Side spacings of the triglycerides (A.U.). 


B-Form, even acids...........s+2+00+ 3°7 * 3°9 * 46 53 
B-Form, odd acids ............s.000s 3°65 * 4:0 * 4°6 53 
a-Form, and glass ............0+00++ 4:2 


* Plate I, Figs. 14 and 15, shows the slight difference in these two side spacings. 


The long spacings fall on three straight lines, the two lower (Fig. 4, II and ITI) repre- 
senting the 6-forms (odd and even acids), and the upper and steeper line, I, representing the 
«-forms. The spacings are much too long to correspond with the length of the acid com- 
ponent, but on the usual assumption of a tetrahedral zig-zag carbon chain, they agree with 
a molecule of twice this length, lying, in the case of the «-forms, vertically across the terminal 
planes, and in the case of the 8-forms, inclined at an angle of « 65° to these planes. 
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The side spacings of the 6-form indicate a more complicated structure than is found for 
most long-chain compounds. In the latter cases, two main side spacings usually appear of 
3-7 and 4-2 A.U. (Plate I, Fig. 8, propyl stearate). Of the four spacings found, one is 
identical with the spacing of 3-7 A.U., but the 4-2 A.U. spacing is absent. When, however, 
the glyceride is in the «- or the glassy form, this characteristic spacing of 4-2 A.U. is now the 
only one observed (cf. Plate I, Figs. 9, 10, 12, 16). Since the appearance of this single side 
spacing is now regarded as evidence of rotating carbon chains (see Malkin, Trans. Faraday 
Soc., loc. cit., for references), this result throws an interesting light, not merely on the struc- 
ture of the «- and glassy forms, but also on that of the liquid, in all of which cases it would 
appear that the long chains are rotating about the oxygen linkages. It is somewhat 
difficult to visualise rotating chains in the glassy state, where the characteristic property 
of the molecules is lack of mobility, but in these cases, and in that of the apparently stable 
«-forms, the probability is that the chains are “ frozen ”’ in the position occupied by rotating 
chains. 

Although it is not possible to deduce an absolute structure of the triglycerides on the 
basis of the above simple measurements, one which is, at least, highly probable may be 
suggested. From a consideration of the various factors, the problem appears to resolve 
itself mainly into a decision between the two arrangements (A) and (B). Trillat (Metallw., 
1930, 9, 1023) has proposed the structure (B) on the evidence of the length of the molecule, 
but on the following grounds we consider (A) the more probable. 


(4.) (B.) 
*CH,°CH,"CO-0-CH, *CH,*CH,°CO:O'CH,  (H,*0-CO-CH,°CH,° 
H-O-CO-CH,°CH, *CH,’CH,°CO-0-CH CH-O-CO-CH,°CH," 
*CH,°CH,°CO-0-CH, *CH,°CH,°CO-O-CH, CH,°O*CO*CH,°CH,° 


(1) The structure proposed explains the slightly greater length and lower m. p.’s of the 
glycerides of odd acids (i.e., alternate loosely and tightly packed terminal methyl planes, 
Malkin, loc. cit.). 

(2) In agreement with the data, the cistance contributed by the glycerol group to the 
length isa minimum. This distance is known from the intercept of the curves (Fig. 4) on 
the ordinate at 0 carbon atoms. Since the spacings are plotted against carbon atoms in 
the acid chain, the intercept is the distance taken up by the glycerol radical and the terminal 
hydrogen atoms. This intercept is of the order of 4-5 A.U. It seems almost impossible to 
accommodate two glycerol molecules (as in B) in this distance, even if the space occupied 
by the terminal hydrogen atoms is neglected. 

(3) Arrangement (A) requires practically no deviation from the normal tetrahedral 
arrangement of all the atoms concerned, whereas large deviations are necessary in order to 
align the three chains together. It may be objected that, in unimolecular films, the three 
chains are so aligned (Adam, Proc. Roy. Soc., 1922, A, 101, 461). We see, however, no 
necessary parallel, and consider that the polar attraction of the water and the mechanical 
compression are sufficient to cause the necessary deviation of the oxygen linkages. The 
models shown in Plate II, which are constructed so as to involve the minimum deviation 
from tetrahedral angles, illustrate this point. In A (1 and 2), the chains are parallel, and 
the structure forms a very symmetrical unit suitable for crystal building. In B, however, 
the upper chain requires to be forced down considerably in order to bring the chains into 
alignment. It will be noticed also, that the effective length of this upper chain is less than 
that of the two lower; this would introduce irregularities at the methyl ends of the chains. 

It should, however, be emphasised that a full solution of the structure must await 
detailed X-ray analysis of the type carried out by Miiller on single crystals of paraffins and 
fatty acids. 

The investigation is being extended to the mono- and di-glycerides. 
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140. The Energetics of Catalysis. Part III. Further Studies of the 
Poisoning Coefficients of Hydrogenation Processes. 


By Epwarp B. MAxTED and VICTOR STONE. 


THE present investigation is an extension of previous work (this vol., p. 26) on the evidence 
—from the standpoint of the effect of progressive poisoning—for the energetic homogeneity 
of such of the adsorbing points of a metallic surface as are involved in hydrogenation 
catalysis, and should be read in conjunction with the general discussion contained in that 
paper. There, it was shown that the poisoning coefficient—viz., the term « in the equation : 
ke = kg (1 — ac), in which is the velocity constant in the presence of a concentration, c, 
of a poison, and ky that with the unpoisoned catalyst—was independent of the identity of 
the reaction throughout a series of hydrogenation processes of various degrees of difficulty 
and of widely different activation energies. The series of reactions studied, however, 
involved in each case the saturation of a carbon-carbon linkage only, although the nature 
of this was varied from an ethylenic to a benzenoid bond. 

The work has now been extended to the reduction of bonds containing oxygen, with 
special reference to the substances which were employed by Vavon and Husson (Compt. 
vend., 1922, 175, 277). As before, great care was taken to free the substances used from all 
traces of original poison; and the poisoning coefficients for the catalytic reduction of the 
oxygen-containing materials now examined were alsocorrelated with those for the hydrogen- 
ation of benzenoid and ethylenic linkages, from which the reduction processes differed in 
involving the formation of water in place of simple saturation with hydrogen. 

It was found that the various poisoning coefficients had in all cases approximately the 
same value; and it would seem that this equivalence may be regarded as additional evidence 
for the homogeneity or mutual equivalence of the individual catalysing points and for the 
participation of the same range of these surface elements in all the reactions studied. This 
conception of uniform catalysing points is compatible with the requirements of the adlin- 
eation theory of Pietsch and Schwab (Z. Elektrochem., 1929, 35, 135; Z. physikal. Chem., 
1929, B, 5,1; 1931, B, 12, 427) rather than with the existence of active points due to extra- 
lattice projections of varying types—unless such extra-lattice elements as are involved in 
catalysis be regarded as being uniform in nature. Further, the evidence for the existence 
of various types of catalysing points derived from Vavon and Husson’s work would appear 
to be based on the employment of bulk concentrations of poison outside the range for which 
the adsorbed concentration is proportional to—and can thus easily be expressed, without 
special analysis, in terms of—the bulk concentration (J., 1925, 127, 73), and possibly on the 
insufficient freeing of the substances used from traces of catalyst poison. In any case, the 
problem of the homogeneity or otherwise of the catalysing range of surface elements is 
regarded as being fundamental to the development of the energetics of processes in which 
such catalysts are employed. 

EXPERIMENTAL. 


The general experimental conditions were as previously described, save that the two standard 
preparations of platinum used, respectively, throughout the series in which mercury ions were 
employed as the poison and for that in which poisoning was carried out with carbon disulphide, 
were not identical with the catalyst previously taken, although they were prepared in a similar 
manner. All substances used, including the media in which the stock catalyst was suspended, 
were scrupulously freed from original poison, principally by the previous adsorption of any 
traces of these with a large excess of platinum black or of active nickel. 

Series 1.—In this, a standard solution of mercuric chloride, containing usually 0-1 mg. of 
mercury per c.c., was used. The standard charge of unsaturated compound, platinum, and 
solvent (acetic acid) was as given in the previous paper, save that the platinum content was 
0-038 g. throughout this series, and all hydrogenations were carried out at 40°. l’rom previous 
work (J., 1925, 127, 73) it was known that 0-04 g. of a typical platinum black should be capable 
of adsorbing up to about 0-3 mg. of mercury; and, although this figure necessarily varies from 
catalyst to catalyst, this value may be regarded as, at any rate, some indication of the order of 
magnitude of the range within which the adsorbed concentration of the poison can be derived 
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directly from the bulk concentration without further investigation of the distribution relation- 
ship. The substances previously examined by Vavon and Husson included acetophenone, 
nitrobenzene, and benzene, in which the susceptibility to poisoning was stated to decrease in 
this order. 

In the necessary preliminary freeing from original poison, chief interest is attached to nitro- 
benzene. All purchased specimens were found to be hydrogenated surprisingly slowly : indeed, 
this anomalous reaction velocity, in view of the generally recognised ease of hydrogenation of 
this compound, has been commented upon by Green (J. Soc. Chem. Ind., 1933, 55, 527). Since, 
however, nitrobenzene contains much of the thiophen and other sulphur compounds present in 
the benzene from which it is made—possibly partly as nitro-derivatives—and may, in addition, 
contain traces of sulphonic acids derived from the mixture of sulphuric and nitric acids used in 
nitration, it appeared that this slowness might be due to the presence of original poison. Puri- 
fication was accordingly carried out by agitation with dilute potassium hydroxide, followed by a 
large excess of catalytically active nickel in a nitrogen atmosphere, the nitrobenzene being 
recovered by distillation in nitrogen. By this treatment, a specimen of nitrobenzene was 
obtained which absorbed hydrogen under standard conditions at about 150 times the rate of 
absorption by the purest nitrobenzene which could be purchased, and at about 2-5 times the rate 
given by carefully purified oleic acid (cf. Green, Joc. cit.). The acetophenone and benzene taken 
were also purified by the previous adsorption of original poison; but these compounds, as was to 
be expected from general experience, were only hydrogenated, even when in a poison-free state, 
at about one-tenth the velocity of pure nitrobenzene. 

The effect of progressive poisoning, by means of mercury ions, on the hydrogenation of the 
three substances in question is summarised in Table I, from which it will be seen that the poison- 
ing coefficient, «, has, within the limits of experiment, a constant value, not only as the con- 
centration of the inhibitant is increased for any one substance up to the region of inflexion, but 
also from substance to substance. Moreover, the greater the relative possible accuracy of the 
rate measurements, the more closely do the calculated values of « correspond, For instance, 
with nitrobenzene, for which the original rate of hydrogen absorption amounted to over 50 c.c. 
per minute, the degree of agreement is closer than for the substances in which the measured 
differences in the reaction rates are less; but, in any case, « has, throughout the table, a mean 


value of about 2. In the table, & is given in terms of c.c. of hydrogen per minute. 


TABLE I. 

Substance Poison content Substance Poison content 

hydro- of system, mg. hydro- of system, mg. 
genated. Hg. genated. Hg. 

Nitrobenzene Benzene 
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* The region of inflexion occurs after the points 
denoted thus. 

If the above results be plotted graphically, it will be noted that all the graphs representing 
the variation of the activity with the poison content, up to the region of inflexion, converge, 
when produced, approximately to the same point on the poison axis, indicating geometrically 
an identical value for a and a mutually equal susceptibility to poisoning. 

It was considered of interest, further, to determine the value of « for oleic acid with the 
catalyst now used, in order to correlate the present data with those previously obtained for 
crotonic, oleic, and benzoic acids, for which « was also found to be constant; the values thus 
found are included in Table I. Since the poisoning coefficient for this is of similar magnitude to 
that for the other compounds contained in the table, it follows that all the seven widely differing 
substances dealt with in this and in the previous paper have identical poisoning coefficients. 
Hence, in contradistinction to conclusions based on the results of Vavon and Husson, there would 
appear to be no difference in the susceptibility of these substances to poisoning, provided that 
the precaution be taken to free the substances from original poison. 
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Series 2.—In this series, carbon disulphide was taken as the inhibitant, since it was desirable 
to examine the effect of the same poison as that which was employed by Vavon and Husson, 
although less was known of the distribution of the poison between the free and the adsorbed 
phase than was the case for mercury, for which this distribution had previously been investigated. 

A fresh standard preparation of platinum was used throughout this series; and only the two 
substances which, under Vavon and Husson’s conditions, showed the widest divergence in 
susceptibility to poisoning, viz., acetophenone and benzene, were examined. The standard 
solution of carbon disulphide employed contained 0-01 mg. per c.c. of acetic acid, a solution of 
ten times this concentration being taken when more convenient; the charge used for hydrogen- 
ation, and the general conditions, were similar to those of Series 1, save that the platinum 
content was 0-0085 g. throughout. It will be noted that the catalyst used for Series 2 was more 
active, weight for weight, than that taken for Series 1, and the poisoning coefficient was corre- 
spondingly greater. The results of this series are in Table II. 


TABLE II. 


Substance Poison content Substance Poison content 
hydro- of system, mg. hydro- of system, mg. 
genated. CS,. , ’ genated. CS,. 
Acetophenone 0 P Benzene 0 
0°02 3 ‘ 0°01 
0:03 ‘ , 0°03 
0°05 . P 0°06 
0°10 oho . 0°10 
0°15 0° 0°15 
* The region of inflexion occurs after the points denoted thus. 


As before, the values of « agree throughout the series, the only serious deviation from the mean 
value being the first point in the benzene series, for which the difference between the poisoned 
and the unpoisoned reaction velocity was too small to justify the accurate calculation of this 
ratio, 
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141. The Alkaloids of Ergot. Part V. The Nature of Ergine. 
By SYDNEY SMITH and GEOFFREY MILLWARD TIMMIS. 


It has been shown (J., 1932, 763, 1543) that the ergot alkaloids when treated with alcoholic 
potassium hydroxide give rise to a crystalline base, ergine, which constitutes about one half 
of the parent molecule. In the course of an investigation of the conditions most favourable 
for the formation of ergine it was found that the base is itself decomposed by alkalis, though 
at a much slower rate than the alkaloids. One molecular proportion of ammonia is evolved 
in the course of the reaction and a crystalline substance having both basic and acidic 
properties can be obtained in good yield. This substance dissolves readily in solutions 
of the alkalis and alkaline earths and is precipitated by acids. The basic properties are 
indicated by the formation of a crystalline sulphate. When heated, the substance under- 
goes decomposition with evolution of carbon dioxide. It can also be methylated and 
the product no longer dissolves in dilute alkali, whilst the basic properties become more 
pronounced. Analyses of the acid, the sulphate, and the methy] ester indicate the formula 
C,gH,,0,No, so, on the assumption that the substance is formed by the simple elimination 
of ammonia from an amide, the formula of ergine must be C,,H,,ON, instead of C,,H,,ON, 
as previously suggested. Further analyses of ergine and its salts, of which the hydro- 
chloride seems to be the most suitable, are also in favour of the formula C,,H,,ON,. After 
the completion of this work a paper by Jacobs and Craig (J. Biol. Chem., 1934, 104, 547) 
described the formation of an acid by the action of aqueous alkali upon the alkaloid 
ergotinine. This acid, which they named lysergic acid, has properties similar to those of 
the acid which we have prepared from ergine and there is no doubt that the two substances 
are identical and that ergine is the amide of lysergic acid. Robinson (Ann. Rev. Biochem., 
1933, II, 442) has suggested a structural formula for ergine composed of a methylindole 
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linked through two methylene groups with a substituted glyoxaline ring, but since the 
present work shows that one of the nitrogen atoms is present in a carbamide group a 
formula of this type must now be regarded as untenable. 


EXPERIMENTAL. 


Ergine (1-22 g.) was boiled with N-methyl-alcoholic sodium hydroxide (36 c.c.) under reflux 
for 8 hours in a current of nitrogen and the issuing gas was washed with N-hydrochloric acid. 
The alcoholic solution was diluted with water and extracted with ether. The ethereal extract 
was washed with sodium hydroxide solution and dried over potassium carbonate, and the 
ether removed by distillation. The slight residue was crystallised from methyl] alcohol, a little 
ergine (0-06 g.) being recovered. After extraction with ether the alkaline solution was con- 
centrated under reduced pressure to remove alcohol and ether and then, whilst still hot, rendered 
just acid to litmus by the addition of acetic acid. Clusters of plates soon separated (0-75 g.) 
and were purified by solution in warm dilute aqueous ammonia and precipitation with acetic 
acid. Yield, 0-67 g. 

The acid solution in the gas absorption apparatus was evaporated to dryness, and the 
residue converted into the chloroplatinate [Found : Pt, 43-7. Calc. for (NH,),PtCl,: Pt, 43-9%]. 

Estimation of ammonia. Ergine (7-9 mg.) was washed into a micro-Kjeldahl apparatus 
with 2 c.c. of acetone and distilled for 10 minutes with 15 c.c. of 30% sodium hydroxide solution. 
The ammonia was collected in N /100-hydrochloric acid, and the excess of acid titrated as usual. 
Found : N, 5-1, 5-1. Calc. for one molecule of ammonia: N, 5-2%. 

Lysergic acid is sparingly soluble in water, alcohol, acetone, ethyl acetate, chloroform, light 
petroleum, and benzene. A hot aqueous solution is slightly acid to litmus. It dissolves readily 
in solutions of sodium hydroxide and sodium carbonate and is precipitated by the addition of 
acetic acid. It is soluble in warm dilute acetic acid and, on cooling, the acid separates in 
hexagonal plates. It is crystallised by dissolving it in warm dilute aqueous ammonia and 
acidifying the solution with acetic acid. It can also be purified by the evaporation of a solution 
in aqueous ammonia. Lysergic acid decomposes with frothing and blackening at about 240°. 
The colour reactions are similar to those obtained with ergine (Found for material dried at 100° : 
C, 71-8, 71-7, 71-7; H, 6-3, 6-2, 6-2; N, 10-2, 10-4; NMe, 10-4, 10-5. Calc. for CjgH,,0,N,: C, 
71-6; H, 6-0; N, 10-5; NMe, 10-3%). 

Action of heat on lysergic acid. The acid (0-5 g.) was heated in a stream of pure nitrogen, 
which was passed into lime water. Carbon dioxide began to come off freely at 200° and heating 
was continued to 280°. The residue was black and charred, but contained traces of a basic 
substance. 

Lysergic acid sulphate was prepared by dissolving the acid in 0-2N-sulphuric acid by heating 
on a water-bath; on cooling, the sulphate separated in clusters of thin plates, which blackened 
and frothed at 245° (Found : C, 60-6, 60-4; H, 5-4, 5-3; N, 8-8, 8-8; S,5-2. C,,H,,O,N,,}H,SO, 
requires C, 60-5; H, 5-4; N, 8-8; S, 5-1%). 

Methyl lysergate. The acid was triturated with a little methyl alcohol, suspended in ether, 
and shaken with an excess of an ethereal solution of diazomethane until it had nearly all dis- 
solved. After several hours the ethereal solution was washed with dilute sodium hydroxide 
solution and dried over potassium carbonate, and the ether removed by distillation. The 
residue soon crystallised and was rapidly recrystallised from a little methyl alcohol, the methy] 
ester forming thin needles which blackened and frothed at 170° with previous softening (Found : 
C, 72-6; H, 6-4; N, 9-6; OMe, 11:3; NMe, 8-5. Calc. for C,,H,,0O,N,: C, 72:3; H, 6-4; N, 
9-9; OMe, 11-0; NMe, 10-3%). 

Analyses of ergine. (a) The base was crystallised from dilute acetone and dried at 90° in a 
vacuum. Found: C, 71-9, 71-9, 71-5, 71-8, 71-7; H, 6-5, 5-6, 6-4, 6-4, 6-5; N, 15-5, 15-7, 15-7. 
Calc. for C,gH,,ON,: C, 71-9; H, 6-4; N, 15-7%. (b) The base was crystallised from methyl 
alcohol and air-dried. Found: C, 68-5, 68-3, 68-2; H, 7-1, 7-1, 7-0; N, 13-7, 14-0; OMe, 10-3; 
NMe, 8-9. Calc. for C,,H,,ON;,MeOH : C, 68-2; H, 7-1; N, 14:0; OMe, 10-4; NMe, 9-7%. 

Analyses of ergine hydrochloride (crystallised from aqueous alcohol by the addition of ether, 
and dried at 100°). Found: C, 63-4, 63-3; H, 6-1, 6-1; N, 13-7; NMe, 9-6; Cl, 11-7, 11-9. 
Calc. for C,gH,,ON;,HC1: C, 63-3; H, 6-0; N, 13-8; NMe, 9-6; Cl, 11-7%. 


We are indebted to Mr. A. Bennett and Mr. H. C. Clarke for the analyses. 


WELLCOME CHEMICAL WorRKS, DARTFORD. [Received, March 28th, 1934.] 








676 Challinor, Haworth, and Hirst: 


142. Polysaccharides. Part XVII. The Constitution and Chain 
Length of Levan. 


By S. W. CHALLINoR, W. N. Haworth, and E. L. Hirst. 


THE polysaccharide levan, obtained by Harrison, Tarr, and Hibbert (Canadian J. Res., 
1930, 3, 449) by the action of B. mesentericus on sucrose, gives by hydrolysis an almost 
quantitative yield of fructose and is therefore related to the naturally occurring poly- 
saccharide inulin. The mode of linking of its fructose units differs from that obtaining in 
inulin. Both carbohydrates are composed of furanose units, but whilst inulin utilises 
positions 1 and 2 of the fructose in effecting the mutual union of its groups, the positions 
participating in the linking of units in levan are those hydroxy] groups at 2 and 6 in fructose 
(Hibbert, Tipson, and Brauns, ibid., 1931, 4, 221). Thus the opposite terminal positions 1 
and 6 are concerned in the two polysaccharides. They both display a negative rotation 
([«]» —36° for inulin and —47° for levan) and they are hydrolysed with similar ease. 

The assay of the chain length of methylated levan (which behaves on analysis as though 
it were trimethyl levan) has been undertaken by the method employed in these laboratories 
in the cases of cellulose, starch, glycogen, inulin, etc. (J., 1932, 2270, 2277, 2368, 2372). 
Hydrolysis of the methylated levan revealed the presence of a terminal group recognisable 
as tetramethyl fructofuranose. About 10—11% of the scission product was identified 
as this sugar by its conversion into the crystalline amide of 2:3: 4: 6-tetramethyl 
fructuronic acid (compare Avery, Haworth, and Hirst, J., 1927, 2313). Special attention 
was paid to the possibility that levan might not be homogeneous but might consist of 
molecules of similar structure but of various chain lengths. All attempts, however, to 
separate methylated levan into fractions displaying different properties or giving different 
amounts of tetramethyl fructofuranose on hydrolysis, were unsuccessful. The “ trimethyl 
levan ’’ appeared therefore to be homogeneous. If the methylated levan be represented 
by the formula below, it is seen that the left-hand terminal group is the one characterised 
by the experimental procedure adopted and it follows that the chain length of the methylated 
polysaccharide consists of about 10—12 units of fructose. 
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Yields 1: 3: 4; 6-tetramethyl Yields 1 : 3: 4-trimethyl 
fructofuranose fructofuranose 


Of the occurrence of this end group as a furanose there can be no doubt, and the properties 
of the polysaccharide support its complete formulation as a furanose type. It should not 
necessarily be inferred, however, from the further conversion of the crystalline 1 : 3: 4- 
trimethyl fructose into tetramethyl fructose of the furanose form that the above crystalline 
sugar has been isolated as a furanose. Owing to the ease of interconvertibility of a 1 : 3 : 4- 
trimethyl fructose into either the furanose or the pyranose modification it will depend on 
conditions of methylation of the free sugar whether the completely methylated tetramethyl 
methylfructoside appears as a furanoside or a pyranoside. Actually in the experiments 
recorded the furanoside was isolated. 

We are unable at this stage to pronounce upon the nature of the right-hand terminal 
group, which has also been formulated above as a fructofuranose residue, and we have no 
reason at present to suspect that this is not the case. Whilst recording the iodine value 
of the polysaccharide, we do not connect this with the chain length. It appears somewhat 
anomalous and indeed the same observation applies to the viscosity measurements which 
give a value for the chain length which is about twice that determined by chemical assay. 
These factors are under investigation, not only in connexion with levan but also in so far 
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as they concern the calculation of the molecular size of other polysaccharides, and facts 
have accumulated, to be published later, which may influence greatly the interpretations 
to be placed on these calculations. 


EXPERIMENTAL. 


Preparation of Trimethyl Levan.—Levan prepared from sucrose by the action of B. mesenteri- 
cus (Harrison, Tarr, and Hibbert, /oc. cit.) was a non-reducing white solid, [«]}, —47° in water, 
with properties which conformed in all respects with those recorded for levan (yield, 43 g. from 
200 g. of sucrose). When levan was hydrolysed with dilute aqueous oxalic acid (0-5%), the 
rotation changed in the course of 1 hour from [a]}*° —47° to —90° (the concentration in the 
latter case being that after hydrolysis). It would seem, therefore, that the levan used was 
composed entirely of fructose units (fructose has [«]) —91°) (compare Hibbert and Percival, 
J. Amer. Chem. Soc., 1930, 52, 3995). The iodine number (Bergmann—Machemer, Ber., 1930, 
63, 316, 2304) was 5-2, corresponding with an apparent molecular weight 3800. Levan (20 g. 
containing 7% of moisture) in water (60 ml.) was methylated with 30% aqueous potassium 
hydroxide (246 ml.) and methyl sulphate (86 ml.), the conditions of Hibbert, Tipson, and 
Brauns (Joc, cit.) being employed. In subsequent methylations the procedure was modified, 
and the reaction was carried out at 55° in the presence of acetone, Under these conditions the 
methylated product remained in solution until precipitated by addition of water at the end of 
the reaction, After three treatments methylated levan was obtained as a white powder, which 
was washed with water and from which mineral impurities were removed by solution in chloro- 
form. Removal of most of the solvent left a pale yellow syrup, which was boiled with dry 
ether, giving trimethyl] levan as a white powder (yield, 85% of the theoretical) (the ether removed 
some mesityl oxide and other impurities), [«]}%; —60° in chloroform (c, 2) (Found: C, 52-8; 
H, 7-7; OMe, 44-5. Calc. for C,H,,0O,;: C, 52-9; H, 7-9; OMe, 45-6%). 

This sample of trimethyl levan was soluble in chloroform, ethyl alcohol, acetone, methyl 
iodide and carbon tetrachloride. It was not completely soluble in tetrachloroethylene and we 
were unable to measure its rotation in this solvent, in which Hibbert, Tipson, and Brauns re- 
corded [a]j —87°. Several preparations of trimethyl levan were made by the above method 
without variation in the properties of the final product. 

Attempted Fractionation of Trimethyl Levan.—Trimethyl levan (59 g.) was dissolved in a 
mixture of chloroform (100 ml.) and acetone (100 ml.) and was fractionally precipitated by 
successive additions of light petroleum (b. p, 40—60°). After addition of a total of 41, of light 
petroleum, only a negligible amount of material remained in solution, The five precipitates 
weighed 51 g.; a further 3 g. ([«]}%, —59° in chloroform) which adhered mechanically to the 
walls of the vessels were obtained by extraction of the flasks with chloroform. This recovered 
material appeared to be identical with fraction III. In the following table the properties of 
the fractions are summarised, fraction I being the one precipitated by the first addition of light 
petroleum and so on in order. The abnormal m. p, and viscosity of fraction I were found to 
be due to its ash content, the whole of the mineral impurities of the trimethyl levan having 
been precipitated in this fraction, 


Fraction. Wt.,g. = [a]!*, in chloroform. M. p.* Np -t OMe, %.- 


I 76 — 55° 115—135° 0°36 44°5 
II 27°5 — 60 130—132 oll 44°3 
III 11-2 —59 142—144 O11 45°0 
IV 2°8 —55 133—135 0-11 44-0 
Vv 15 —58 120—122 0-11 44°4 
* The m. p.’s were indefinite with previous softening and depended on conditions of heating, etc. 
Little significance is to be attached to the differences in m. p. of the fractions. 
t In m-cresol at 20° (c, 0°02 g, in 5 ml.), using Standinger’s method, The measurements were made 
with the object of testing the homogeneity of the fractions. Their significance in connexion with 
molecular-weight determinations will be discussed later. 


Hydrolysis of Trimethyl Levan, Fraction (I1).—Preliminary experiments showed that by use 
of oxalic acid in aqueous methyl] alcohol loss of trimethyl fructose by decomposition during 
hydrolysis was reduced to a minimum. Trimethyl levan (25 g., fraction II) was dissolved in 
water (250 ml.) containing oxalic acid (16 g. crystalline) and after addition of methyl alcohol 
(750 ml.) the solution was heated at 80° for 11 hours, during which the rotation changed from 
[a] —50° to —0-5° (constant value). After ne@tralisation with calcium carbonate the 
solution was evaporated under diminished pressure to a syrup, which was dissolved in dry ether. 
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Some mineral matter was thereby removed and evaporation of the ether left a pale yellow, 
strongly reducing syrup (27-2 g.), which was dissolved in 0-25% methyl-alcoholic hydrogen 
chloride (700 ml.). After 44 hours at 15° the solution no longer reduced Fehling’s solution and 
no furfural had been produced (aniline acetate test). After neutralisation with barium car- 
bonate the solution was evaporated (in presence of a little solid barium carbonate) at 35°/12 mm. 
to a mobile non-reducing syrup (27-1 g.), which gave the following fractions on distillation : 
(A) 14g., b. p. 105°/0-04 mm., njj* 1-4532, OMe 50-0%; (B) 11-1 g., b. p. 108—110°/0-06 mm., 
ni 1-4571, OMe 51-2%; (C) 1-0g., b. p. 130—150°/0-05 mm., njj* 1-4672, OMe 47-5%. Still 
residue 0-9 g. (all temperatures are bath temperatures). Fraction (A) was distilled intoa Widmer 
flask (bath temperature 112—115°/0-08 mm.) until 8 g. had been collected. Distillation through 
the Widmer column then gave (D) 2-35 g., b. p. about 80°/0-02 mm. (bath temp. 129°), nj” 
1-4444, [a], +79° in water (c, 0-9), OMe 59-7%; and (E) 0-95 g., b. p. about 85°/0-02 mm. 
(bath temp. 133—137°), n#” 1-4517, OMe 51-8%. The physical constants and analytical data 
of (D) show that it consisted almost entirely of tetramethyl methylfructoside. A further 
portion of (A) (4 g.) was then distilled (bath temp. 115—120°/0-05 mm.) into the Widmer flask, 
and the distillation from the latter continued, giving (F) 4-8 g., b. p. 82—90°/0-03 mm. (bath 
temp. 137—145°), n}>° 1-4549, [a], +70° in chloroform, OMe 52-6%. At this stage part of 
fraction (B) (7 g.) was distilled (bath temp. 118—120°/0-03 mm.) into the Widmer flask, and the 
fractionation continued, giving (G) 5-55 g., b. p. about 92°/0-03 mm. (bath temp. 142—145°), 
n\* 1-4557, [a], +65° in chloroform, OMe 51-2%. The whole of the remaining material 
[(C), the remainder of (A) and (B) and the residue in the Widmer flask] was then distilled from 
an ordinary flask, giving (H) 7-8 g. (bath temp. 120—130°/0-03 mm.), nj” 1-4580, OMe 
505%; (I) 1-1 g. (bath temp. 135—155°/0-05 mm.), nf” 1-4612, OMe 48-3%; (J) 1-5 g. 
(bath temp. 190—235°/0-1 mm.), nj” 1-4732, OMe 41-4%. A small dark-coloured resinous 
still residue remained. All the above distillates except (J) (which was pale yellow) were 
colourless oils which gave no test for furfural (aniline acetate) or unsaturated decomposition 
products (potassium permanganate). The total amount of tetramethyl methylfructoside 
[2-5 g. contained in (D) and (E)] was 10% of the weight of methylated levan subjected to 
hydrolysis. . 

Hydrolysis of Trimethyl Levan, Fractions III, IV, and V.—Fractions III (9-6 g.), IV (2-05 g.), 
and V (1-0 g.) of the trimethyl Jevan (as above) were combined for hydrolysis, the procedure 
being identical with that just described for fraction II. During hydrolysis the rotation changed 
in 10 hours from [a]5759 —54° to —0-3°. After the treatment with methyl-alcoholic hydrogen 
chloride 12-15 g. of non-reducing methylated methylfructosides were obtained. Furfural was 
absent. The preliminary distillation gave (A’) 6-97 g. (bath temperature 98—104°/0-04 
mm.), mj} 1-4540, OMe 51-4%; (B’) 3-56 g. (bath temp. 106—113°/0-04 mm.), nj}” 1-4576; 
OMe 49-8%; (C’) 0-98 g. (bath temp. 122—135°/0-07 mm.), mjj° 1-4644. All of (A’) was 
distilled into the Widmer flask and fractionated through the column, giving (D’) 1-0 g., b. p. 
about 80°/0-:04 mm. (bath temp. 130—136°), nj§* 1-4459 (Found: C, 52-1; H, 8-9; OMe, 
57-3. Calc. for C,,H,,0,: C, 52-8; H, 8-8; OMe, 62-0%) (this fraction contained about 
15—20% of trimethyl methylfructoside) ; (E’) 1-58 g., b. p. ca. 86—90°/0-04 mm. (bath temp. 
138—142°), njs 14518; (F’) 0-56 g., b. p. 86°/0-1 mm. (bath temp. 155—165°), 
n\; 1-4544, OMe 47-7%. Some of (B’) was then distilled into the Widmer flask, and the dis- 
tillation from the latter continued. Nothing distilled below 145° (bath temp.), the next 
fraction being (G’) 2-65 g., b. p. ca. 82°/0-01 mm. (bath temp. 145—155°), njf* 1-4559, 
OMe 51-6%. At this stage, all tetramethyl methylfructoside having been removed, the distil! 
ation was stopped, the residue in the Widmer flask was combined with (C’) and the rest of (B’), 
and the mixture distilled from an ordinary flask, giving (H’) 2-76 g. (bath temp. 114—125°/0-35 
mm.), jf 1-4567, OMe 51-1; (I’) 0-12 g. (bath temp. 120—140°/0-05 mm.), nF 1-4600, OMe 
49-7%; (J’) 1-22 g. (bath temp. 140—210°/0-05 mm.), nf" 1-4640, OMe 46-2%. All the above 
distillates were free from furfural or reducing impurities. Fractions (D’) and (E’) together 
contained about 1-0 g. of tetramethyl methylfructoside, 7.e., 10% of the weight of material 
subjected to hydrolysis. 

Characterisation of the Distillates.—(a) 1:3: 4-Trimethyl methylfructofuranoside. Each of 
the above distillates having refractive indices, b. p.’s, and methoxyl contents corresponding 
with a trimethyl methylhexoside gave on hydrolysis crystalline 1 : 3: 4-trimethyl fructose. 
The observations with fraction (H) were typical (Found: C, 51-1; H, 8-7; OMe, 50-5. Calc. 
for CygHyO,: C, 50-8; H, 8-5; OMe, 526%). On hydrolysis at 80° with 0-25% hydrochloric 
acid (130 ml.) fraction (H) (6-5 g.) showed a change in specific rotation from [«]57.9 +7° (in 
dilute hydrochloric acid) to — 50° (constant value reached in 60 minutes). After neutralisation 
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with silver carbonate the product was extracted with chloroform, giving 1 : 3 : 4-trimethyl 
fructose as a solid crystalline mass, m. p. (after recrystallisation from ether) 75°, alone or when 
mixed with an authentic specimen prepared by Hibbert, Tipson, and Brauns. [a]}§,, —52° 
(equilibrium value in water; c, 5-0) (Found: C, 48-6; H, 8-1; OMe, 41-0. Calc. for C,H,,0, : 
C, 48-7; H, 8-2; OMe, 41-8%). 

On methylation by silver oxide and methyl iodide 1:3: 4-trimethyl fructose gave 
tetramethyl methylfructoside (yield, almost quantitative), b. p. 95°/0-10 mm.  [a]i,, 
—1° in water (c, 0-5) (Found: OMe, 61-0. Calc.: OMe, 62-0%). This was a non-reducing 
mobile syrup, without action upon neutral potassium permanganate, and on hydrolysis at 80° 
for 4 hours with N /10-hydrochloric acid it gave a product which had [a]?,, +31° (equilibrium 
value) and appeared to be mainly tetramethyl fructofuranose. 

(b) 1: 3:4: 6-Tetramethyl methylfructofuranoside. The identity of the tetramethyl methyl- 
fructofuranoside (fractions D and D’) was proved by its conversion (in yield similar to that 
previously recorded for authentic tetramethyl fructofuranose) into the crystalline amide of 
2:3:4: 6-tetramethyl fructuronic acid, m. p. 99°, alone or when mixed with an authentic 
specimen (for details see Avery, Haworth, and Hirst, oc. cit.). 


We are indebted to Imperial Chemical Industries Ltd. for financial assistance. 
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143. An Instance of the Reversed Field Effect of the Methyl Group. 


By J. KENNER and FRANK Morton. 


In their examination of the reaction by which 2 : 6-disubstituted-4-nitrophenols are 
converted into quinones by thermal decomposition (J., 1931, 1842), Jones and Kenner 
found that 4-nitro-2 : 6-di-o-tolylphenol (I) was an exception to the general rule, and only 
furnished the corresponding quinone when it was oxidised by lead tetra-acetate. That this 


anomalous behaviour arose from the disinclination of the phenol to pass into the quinonoid 
condition was clear, because its sodium salt, unlike those of the nitrophenols which conform 
to the general behaviour, was colourless and remained so even when its aqueous suspension 
was heated. It appeared, therefore, that in this case the methyl groups of the o-tolyl 
substituents prevent the increased co-ordination of the phenoxide ion with the benzene 
nucleus, on which the quinonoid condition depends, and this can hardly be otherwise than 
by a spatial co-ordination effect of the methyl groups. In other words, the behaviour in 
question is a clear case of the reversed field effect of the methyl group postulated by Bennett 
and Mosses (J., 1930, 2367; compare Bennett and Baddeley, J., 1933, 263). 


Se H Mey) Cl C 


OH 


NO, NO, 


In order to illustrate this point, we have prepared the three 2 : 6-bischlorophenyl-4- 
nitrophenols (II) and found, as anticipated from the opposite character of the field effect 
of the halogen, that the o-, like its m- and p-isomerides, exhibits the normal behaviour in 
respect both of the colour of its sodium salt and of thermal decomposition. 


EXPERIMENTAL. 


m-Chlorophenylacetonitrile, prepared from the chloride, was obtained in hexagonal plates, 
m. p. 11-5°, b. p. 261°/757 mm. (Found: N, 9-3. C,H,NCl requires N, 9-2%). By hydrolysis 
with its own weight of sulphuric acid, glacial acetic acid, and water, it furnished m-chloro- 
phenylacetic acid, needles, m. p. 76° (compare Muenzen, Cerecedo, and Sherwin, J. Biol. Chem., 
1926, 68, 503) (Found : C, 56-5; H, 4-1. C,H,O,Cl requires C, 56-3; H, 4:1%). 
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Dichlorodibenzyl Ketones.—These were prepared by distillation of the lead salts (dried at 
110°) of the corresponding acids. 2: 2’-Dichlorodibenzyl ketone crystallised from alcohol 
in needles, m. p. 102° (Found: C, 64-5; H, 4-2; Cl, 25-7. C,,H,,OCI, requires C, 64-5; H, 
4-3; Cl, 255%). The oxime, m. p. 112° (Found: N, 4-7. C,;H,,ONCI, requires N, 4-8%), and 
the semicarbazone, m. p. 149° (Found: N, 12-4. C,,H,,ON,;Cl, requires N, 12-5%), both formed 
needles. 3:3’-Dichlorodibenzyl ketone, m. p. 89° (Found: C, 64:5; H, 4-2%), and its oxime, 
m. p. 73° (Found: N, 4-5%), and semicarbazone, m. p. 121° (Found: N, 12-5%), all crystallised 
in needles. 4: 4'-Dichlorodibenzyl ketone, m. p. 93° (Found :- C, 64-6; H, 4-2%), and its oxime, 
m. p. 135—136° (Found : N, 4-7%), formed needles, but the semicarbazone crystallised in hex- 
agonal plates, m. p. 118° (Found: N, 12-3%). 

2 : 6-Bischlorophenyl-4-nitrophenols.—These were prepared by condensation at 40° of the 
foregoing ketones with nitromalonaldehyde (compare Jones and Kenner, Joc. cit.). 2: 6-Bis-o- 
chlorophenyl-4-nitrophenol, yellow needles, m. p. 140° (Found: C, 59-9; H, 3-0; N, 3-9. 
C,,H,,O,NCl, requires C, 60-0; H, 3-0; N, 3-9%), yielded a sodium salt in yellow cubic crystals, 
from which the methyl ether was obtained in faintly yellow needles, m. p. 107° (Found : N, 3-9. 
C49H,,;0,;NCl, requires N, 3-9%). The phenol decomposed in boiling concentrated glacial 
acetic acid solution with evolution of nitric oxide, but 2 : 6-bis-o-chlorophenyl-1 : 4-benzoquinone 
was best prepared by oxidation of the phenol (1-8 g.) in glacial acetic acid solution (10 c.c.) 
at 40° with lead tetra-acetate (2-2 g.). Dark yellow needles, m. p. 103°, were obtained by 
crystallising the product from light petroleum (Found: C, 65-1; H, 3-0. C,,H,,O,Cl, requires 
C, 65-5; H, 30%). 2: 6-Bis-o-chlorophenyl-4-aminophenol, obtained from the nitrophenol by 
reduction in boiling glacial acetic acid solution with stannous chloride and hydrochloric acid, was 
analysed in the form of its hydrochloride, needles, m. p. 231° (Found: N, 3-8. C,,H,,ONCI,,HCI 
requires N, 3-8%). Oxidation by dilute chromic acid solution on the steam-bath for 24 hours 
converted the base into the quinone, m. p. 103° (alone or mixed with a sample prepared in the 
above manner). 

The following were also prepared: 2 : 6-Bis-m-chlorophenyl-4-nitrophenol, faintly yellow 
needles, m. p. 177—178° (Found: C, 60-0; H, 3-0; N, 3-9; Cl, 20-0%); sodium salt, yellow; 
methyl ether, needles, m. p. 131° (Found: N, 40%); 2: 6-bis-m-chlorophenyl-1 : 4-benzoquinone, 
orange-yellow needles, m. p. 183° (Found: C, 65-5; H, 2-9%); 2-6-bis-m-chlorophenyl-4- 
aminophenol hydrochloride, needles, m. p. 254° (Found: N, 3-8%). 2: 6-Bis-p-chlorophenyl- 
4-nitrophenol, yellow needles, m. p. 202° (Found : C, 59-9; H, 3-1; N, 3-9; Cl, 19-8%); sodium 
salt, yellow; methyl ether, colourless needles, m. p. 190° (Found: N, 3:9%); 2: 6-bis-p- 
chlorophenyl-1 : 4-benzoquinone, dark red needles, m. p. 263° (Found: C, 65-0; H, 3-0%); 
2 : 6-bis-p-chlorophenyl-4-aminophenol hydrochloride, needles, m. p. 247° (Found: N, 3-8%). 
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144. Stereoisomerism of Disulphoxides and Related Substances. Part IX. 
Disulphoxides in the Thianthren Series. 


By Hia Baw, G. MACDONALD BENNETT, and (Miss) PHYLLIS DEARNs. 


THE two disulphoxides of thianthren described by Fries and Vogt (Ber., 1911, 44, 756) 
were the only pair of stereoisomeric disulphoxides already known at the time of the pub- 
lication of Part I of this series (J., 1927, 1798) and their existence had not until then 
received any satisfactory explanation. The experimental evidence then available did not 
suggest that such isomerism was a general phenomenon even within the thianthren group, 
for the oxidation of a dimethylthianthren (Fries and Volk, Ber., 1909, 42, 1175), a dimeth- 
oxythianthren (Fries and Engelbertz, Annalen, 1915, 407, 194), and a mononitrothianthren 
(Krishna, J., 1923, 123, 156) had in each case been reported to yield a single dioxide. 
Indeed, Fries and Engelbertz made a special search for the occurrence of a similar isomerism 
in the dioxide of dimethoxythianthren. As isomeric dioxides of thianthren had been 
obtained by the use of two different oxidants (moist chlorine and dilute nitric acid), they 
applied these two reagents to the dimethoxythianthren, but one and the same dioxide 
was isolated. 

We have therefore made a more extended study of this subject, and now describe a 
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further examination of the formation and properties of the two thianthren dioxides, and 
of the oxidation of a dimethoxy-, a dimethyl-, and a dichloro-thianthren, in the course 
of which a pair of stereoisomeric dioxides has been isolated in each case. 

The repetition of the preparation of the two dioxides of thianthren showed, as we 
had expected, that in each case the second isomeride is present in the product. The 
g-dioxide of m. p. 249° is more than three times as soluble as the «-dioxide of m. p. 284° 
in glacial acetic acid at 25°. From this we may conclude, by the argument applied to 
the dithian dioxides (Part I) and justified by an independent stereochemical demonstration 
in the case of the oxides of trimethylene trisulphide (J., 1929, 15), that the a-dioxide has 
the tvans-configuration. The examination of the dipole moments of these dioxides led 
Bergmann and Tschudnowsky to the same conclusion (Ber., 1932, 65, 457), for the B-dioxide 
has a much larger dipole moment than the «-isomeride. 

In the oxidation of 2 : 6-dimethoxythianthren the dioxide of m. p. 266—268° described 
by Fries and Engelbertz was found to be the principal product, but an isomeride of m. p. 
198—200° was isolated from the mother-liquors. 

2 : 6-Dimethylthianthren had been reported as yielding on oxidation a monoxide, 
m. p. 94°, a dioxide, m. p. 194°, and a disulphone, m. p. 286° (Fries and Volk, loc. cit.). 
We have isolated two dioxides, «-, m. p. 195-5° (202-5° corr.), and B-, m. p. 168-5° (174° 
corr.), of which the latter is three times as soluble as the former in methyl alcohol and is 
therefore probably of cis-configuration; and a trioxide, m. p. 223°, which is reducible to 
the monosulphone, m. p. 171°. 

A study has also been made of the oxidation of 2 : 6-dichlorothianthren. This substance 
was obtained in good yield by the action of sulphuric acid upon #-chlorophenylthiol, 
which appears to leave no doubt as to its configuration : 


the. See ae Ya 
(Pek = LOO 


On the other hand the orientations of the dichlorothianthrens of m. p. 171° (Fries and 
Vogt, loc. cit.) and 147° (Ray, J., 1921, 119, 1959), both prepared by the condensation of 
sulphur chloride and chlorobenzene, are still open to question.. Our repetition of this 
reaction, using aluminium chloride as described by the former authors, gave us a very poor 
yield of a substance from which the complete removal of free sulphur was difficult. The 
final product was identical with the 2 : 6-dichlorothianthren from #-chlorophenylthiol. 
Fries and Vogt argue that their substance must have the 2 : 7-configuration, as another 
main product isolated from the reaction was 4: 4’-dichlorodiphenyl sulphide, which 
might give rise to a dichlorothianthren of this orientation. But Béeseken and Koning 
(Rec. trav. chim., 1911, 30, 116), who studied the same reaction under conditions where 
no thianthren arose, showed that besides the monosulphide a quantity of 4 : 4’-dichloro- 
diphenyl disulphide is produced. This disulphide is presumably an intermediate in our 
preparation of the 2 : 6-dichlorothianthren, and in view of the small yields of the thianthren 
of m. p. 171° under discussion it must remain doubtful whether the 2 : 7-dichlorothianthren 
has in fact been isolated. 

The separation of the products of oxidising 2 : 6-dichlorothianthren under various 
conditions was a lengthy process, leading finally to the isolation of a monoxide, a mono- 
sulphone, two stereoisomeric dioxides, a trioxide, and the disulphone. 

The polarity of thianthren itself was demonstrated by Bergmann and Tschudnowsky 
(loc. cit.) and must be due to a folded configuration of the molecule (compare Bennett 
and Glasstone, this vol., p. 128). This should give rise to a number of additional stereo- 
isomerides; from this point of view two monoxides, three dioxides, and two trioxides 
are to be expected from thianthren or any symmetrically substituted derivative. Not- 
withstanding careful examination of the products of oxidation of thianthren by Fries 
and Vogt and of the dimethyl- and dichloro-thianthrens in the present investigation, no 
indication has been obtained of the separate existence of any of these additional isomerides 
and it appears probable that they are not sufficiently stable to be distinguished from 
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those we have isolated. The case is analogous to that of the amines RR’R’’N, the con- 
figuration of which is shown to be non-planar by their real dipole moments, yet attempts 
to separate them into enantiomorphous forms have repeatedly been unsuccessful. 


EXPERIMENTAL. 


Oxidation of Thianthren.—The oxidation by moist chlorine (Fries and Vogt, Joc. cit.) was 
repeated. The product, after recrystallisation from acetic acid, formed pointed prismatic 
needles with straight extinction, m. p. 284°. The mother-liquors from this a-dioxide yielded 
a small quantity of the §-isomeride, which was identified by m. p. and microscopic examination. 

When oxidation was by the method of Krafft and Lyons (Ber., 1896, 29, 435) using nitric 
acid (d 1-2), the product crystallising directly from the reaction mixture was again the 
a-isomeride, which was pure after recrystallisation from acetic acid. The acid mother-liquor, 
on neutralisation, furnished a quantity of the $-isomeride, which separated from absolute 
alcohol or 50% acetic acid in small monoclinic crystals, m. p. 249°. 

The solubilities of these isomerides in glacial acetic acid (100 g.) at 25-0°, stirring being 
continued for 6 hours, were: «-isomeride, 0-596 g.; $-isomeride, 2-13 g. 

Oxidation of 2: 6-Dimethoxythianthren.—The thianthren (4-5 g.) was boiled with dilute 
nitric acid (130 c.c., d 1-2) until no more nitrous fumes were liberated. Crystals of the «-dioxide 
described by Fries and Engelbertz separated on cooling, and after recrystallisation from decalin 
had m. p. 266—268°. The material precipitated from the acid mother-liquor by alkali was 
crystallised from 50% acetic acid. After some «-dioxide had been separated, a small quantity 
of the §-dioxide was obtained, m. p. 198—200° (0-5 g. from 3 g. of crude mixed oxides). 
Oxidation by hydrogen peroxide in acetic acid also yielded mainly the «-isomeride : there was 
evidence of the presence of a second substance when it was crystallised from butyl alcohol, 
but the 8-dioxide was not isolated from it in a state of purity. The «-dioxide separates from 
glacial acetic acid in sharply pointed needles with a straight extinction: the $-dioxide from 
aqueous acetic acid in blunt-ended monoclinic prisms or in clusters of radiating and branched 
needles, the extinctions being sometimes straight and sometimes oblique at an angle of 20° 
[Found : (a-dioxide) C, 54-1; H, 4-0; S, 20-7; (8-dioxide) C, 54-3; H, 3-7; S, 20-7. C,,H,,0,S, 
requires C, 54-5; H, 3-9; S, 20-8%]. Both isomerides crystallise well from »-buty] alcohol or” 
decalin, dissolve in concentrated sulphuric acid with a reddish-violet colour, and are reduced 
readily by zinc dust and dilute hydrochloric acid in acetic acid to the parent thianthren of 
m. p. 133°. 

Oxidation of 2 : 6-Dimethylthianthren.—To a solution of dimethylthianthren (15 g.) in glacial 
acetic acid (600 c.c.), stirred at 75—80°, hydrogen peroxide (5% in excess of the calculated 
amount of perhydrol in 350 c.c. of acetic acid) was added (45 mins.). The mixture was kept 
at 80° for 2 hours, then boiled, and poured into water, and the solution made alkaline with 
ammonia. The products were collected and fractionally crystallised from methyl alcohol and 
from ethyl acetate, the final purification of the fractions of higher m. p. being from the former 
and of those of lower m. p. from the latter solvent. Prolonged fractionation at last gave two 
dioxides : the a-dioxide, m. p. 195-5° (202-5° corr.), crystallising from methyl alcohol in minute 
pointed needles with straight extinction (Found: C, 60-8; H, 4-8; S, 23-1. Calc.: C, 60-9; 
H. 4-4; S, 23-2%), which is evidently the substance (m. p. 194°) described by Fries and Volk 
(Joc. cit.); and the 8-dioxide, m. p. 168-5° (174° corr.), crystallising from methyl alcohol in blunt- 
ended needles with an oblique extinction (Found : C, 60-8; H, 4-8; S, 23-1%). Each of these 
dioxides was reduced by zinc dust in hot glacial acetic acid to the parent thianthren of 
m, p. 120°. 

The solubilities of the two isomerides in ethyl acetate (100 g.) at 18° were identical (1-06 g.). 
In methy] alcohol (100 g.) at 18° the solubilities were : «-isomeride, 0-55 g.; $-isomeride, 1-66 g. 
The $-isomeride is moreover the more soluble in water, for the aqueous mother-liquors from 
the preparation yielded on repeated extraction by chloroform an almost pure specimen of the 
6-dioxide. 

Preparation of the Trioxide and the Monosulphone.—The oxidation of dimethylthianthren 
described above was repeated, an amount of peroxide calculated to provide 3 g.-atoms of 
oxygen being used. The product precipitated by aqueous ammonia was recrystallised thrice 
from methylalcohol. The trioxide so obtained formed small white crystals, m. p. 223° (Found : 
S, 22-1. C,,H,,0,S, requires S, 22-0%). Reduction with zinc and acetic acid gave the mono- 
sulphone, crystallising from glacial acetic acid in minute, doubly refracting polyhedra, m. p. 
170—171° (Found: C, 61-3; H, 4-6; S, 23-6. C,,H,,0,S, requires C, 60-9; H, 4:4; S, 23-2%). 
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This substance resists the action of zinc and acid : its m. p. is depressed by the addition of the 
8-dioxide of m. p. 168-5°. 

Preparation of 2 : 6-Dichlorothianthren.—p-Chlorophenylthiol (27 g.) dissolved in sulphuric 
acid (185 c.c. of concentrated acid with 100 c.c. of 60% oleum) to a green solution which 
gradually turned purple (18 hrs.). The solution was poured into ice-water, and the brown 
precipitate collected and washed. The dry solid was extracted with boiling chloroform under 
reflux, and the solution dried with sodium sulphate and evaporated. The residue was crystal- 
lised once from acetic acid and once from benzene (yield, 13 g.). 2: 6-Dichlorothianthren 
separates from acetic acid in small colourless needles with an oblique extinction, m. p. 181-5° 
(186° corr.) (Found: C, 50-3; H, 2-2; Cl, 24-5; S, 22-1. C,,H,C1,S, requires C, 50-5; H, 2-1; 
Cl, 24:9; S, 22-5%). It dissolves slowly in concentrated sulphuric acid with a violet-blue 
colour which becomes an intense blue on warming: in this respect it appears to resemble the 
dichlorothianthrens of Fries and Vogt and of Ray (/occ. cit.). 

The condensation of chlorobenzene and sulphur monochloride in presence of aluminium 
chloride, described by the former authors, was repeated. The product was boiled with con- 
centrated aqueous sodium hydroxide and kept with acetic acid. The material then extracted 
by chloroform was distilled under diminished pressure. The fraction, b. p. 240—270°, had 
m. p. 150—160° after crystallisation from acetic acid and evidently contained free sulphur. 
It was boiled in glacial acetic acid with metallic mercury to remove this, and then had m. p. 
159—168°. This material must either have contained some free sulphur or a second organic 
substance. Repeated crystallisation from acetic acid and benzene alternately finally raised 
the m. p. to 180—181° (not depressed by admixture of the 2: 6-dichlorothianthren from 
p-chlorophenylthiol). 

Oxidation of 2 : 6-Dichlorothianthren.—The dichlorothianthren (25 g.) was dissolved in boiling 
glacial acetic acid (1200 c.c.) and cooled to 80°; a little of the thianthren then crystallised. A 
solution of hydrogen peroxide (calculated to provide 2 g.-atoms of oxygen) in 300 c.c. of acetic 
acid was slowly added at 80° (1 hr.), and the mixture kept at this temperature for a further 
hour and then boiled. The products, separated by dilution and addition of ammonia, were 
subjected to a tedious process of fractional crystallisation from glacial acetic acid and from a 
mixture of this solvent with an equal volume of benzene. A difficulty arose from the 
irregular behaviour of the substances in melting. It was finally found that some of the material 
tended to melt, resolidify and remelt, but that often when the specimens were slowly heated 
these changes were not apparent, so that a higher false m. p. might be observed. The diffi- 
culty was eliminated by using a preheated bath, and the m. p. data for the isomeric dioxides 
were obtained in this way. Some control of the elimination of over- or under-oxidised products 
was also secured by chlorine determinations (Robertson). A pair of stereoisomerides was 
finally isolated: the a-dioxide, m. p. 301° (313° corr.), crystallises from glacial acetic acid in 
sharp curved needles with a straight extinction (Found: C, 45-9; H, 2-1; Cl, 22-3; S, 20-2. 
C,,H,O,CI1,S, requires C, 45-4; H, 1-9; Cl, 22-4; S, 20-2%); the B-dioxide, m. p. 256-5° (267-5° 
corr.), crystallises from the same solvent in bundles of blunt needles with straight extinction 
which tend to resemble in arrangement the crystals of phenylglucosazone (Found: C, 45-7; 
H, 2-0; Cl, 22-3; S, 20-3%). This substance resolidifies above its melting point and then 
melts at about 300°. Lack of material prevented a detailed examination of this change, which 
may be essentially a conversion into the «-isomeride. 

Both isomerides were readily reduced to the parent thianthren by zinc and acetic acid. 
Their solubilities in glacial acetic acid (100 c.c.) at 18° were: a-dioxide, 0-07 g.; B-dioxide, 
0-37 g. 

The oxidation of the dichlorothianthren was repeated, 1 g.-equivalent of peroxide being 
used. When the products were crystallised from acetic acid, a compound, m. p. 215°, was 
first isolated, which proved to be the monosulphone (see below). Repeated crystallisation 
alternately frgm acetic acid and from toluene then gave the monoxide, m. p. 235—237° (decomp.), 
which separatéd from both of these solvents in small monoclinic needles with an extinction 
angle of 20° (Found: C, 47-7; H, 1-8. C,,H,OCI,S, requires C, 47-7; H, 20%). This sub- 
stance was readily reduced to the parent thianthren by zinc and acetic acid. 

When the dichlorothianthren was oxidised in acetic acid at 75° by addition of hydrogen 
peroxide in acetic acid as before but in amount calculated for 3 g.-atoms of oxygen, the mixture 
being heated on the water-bath for } hour, the main product crystallised on cooling. The 
mother-liquors contained lower oxides. The product was washed with hot glacial acetic acid, 
and crystallised once from acetic acid, forming minute colourless needles, m. p. 281°. By an 
oversight this substance was not analysed, but it is evidently the trioxide, since it was readily 
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converted by reduction by zinc and glacial acetic acid into the monosulphone, m. p. 215°, 
identical with that obtained together with the monoxide. The monosulphone crystallises from 
glacial acetic acid in matted needles with an extinction angle of 10° (Found: C, 45-5; H, 
2-0; S, 20-2. C,,H,O,CI,S, requires C, 45-4; H, 1-9; S, 20-2%): it resists the action of zinc 
and acetic acid, and is therefore not a disulphoxide. 

The dichlorothianthren was boiled for 1 hour with an excess of chromic anhydride in acetic 
acid, and the solution diluted. The disulphone, m. p. 293° (305° corr.), so produced, crystallised 
from acetic acid in minute monoclinic plates with an oblique extinction (Found: C, 41-3; 
H, 1-6; Cl, 20-4. C,,H,O,CI,S, requires C, 41-3; H, 1-7; Cl, 20-3%). It was not affected by 
boiling with acetic acid and metallic zinc. 
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145. Influence of Poles and Polar Linkings on Tautomerism in the Simple 
Three-carbon System. Part III. Experiments with Benzyl-A*- and 
-A’-propenylsulphones. 

By EUGENE ROTHSTEIN. 


OnE of the saturated polar groups which might be expected to assist the ionisation of the 
potentially mobile hydrogen atom in a three-carbon system is SO,R (Part I; J., 1929, 
8). The oxygen atoms of the sulphone group are normally linked to the sulphur atom by 
semi-polar double bonds, though there is the possibility of the latter becoming non-polar 
because of the capacity of sulphur to expand its outer shell of electrons to ten. 

The substances chosen for a preliminary investigation were an unsubstituted A¢- 
propenylsulphone and its A*-isomeride, 

(I) R*SO.CH,CH:CH, == R-SO,°CH°CH-CH, (IL) 
(R = methyl or benzyl) 
the benzyl compounds being the only ones to be examined in detail. 

The structure of benzyl-A®-propenylsulphone (I). followed from its synthesis from sodium 
benzylsulphinate and allyl bromide. An attempt to prepare the substance from benzyl-y- 
chloropropylsulphone, CHgPh:SO,°CH,°CH,°CH,Cl (III), failed owing to the difficulty of 
eliminating hydrogen chloride by the usual methods. 


Benzyl-A*-propenylsulphone (II) was prepared from benzyl-8-chloropropylsulphone, 
CH,Ph-SO,°CH,’CHCICH, (IV), the removal of hydrogen chloride being accomplished 


smoothly with pyridine : 
CH,Ph-SNa + CH,Cl-CH(OH)*CH, —> CH,Ph-S-CHy°CH(OH)-CH 


(II) <— (IV) <— CH,Ph-SO,°CH,*CH(OH)-CH, Vv.) 

No trace of the A’-compound could be detected in it. 

Direct interconversion between the two isomerides could not be effected. The sub- 
stances were unchanged when boiled with water, methyl alcohol, or pyridine. The addition 
of alkali hydroxide or alkoxide was rapid and led to the formation of 8-substituted propyl- 
sulphones : 


(I) or (II) —““*+ CH,Ph-SO,*CH,CH(OR)-CH, v1) 
(R = H or alkyl) 


When, by using suitable concentrations cf alkali hydroxide or alkoxide, addition was 
incomplete, no unsaturated sulphone other than the initial compound was found. The 
formation of a §-substituted addition compound from either of the sulphones did not 
appear to follow an isomeric change, since each of them yielded the same benzyl-8-todo- 
propylsulphone when boiled with concentrated hydriodic acid. Analogous cases of addition 
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are provided by divinylsulphone, which, when treated with sodium hydroxide, yields 
6’-dihydroxydiethylsulphone (Kretov, J. Russ. Phys. Chem. Soc., 1930, 62, 1; compare 
also Cashmore, J., 1923, 123, 738), and by «- and §-naphthyl-A*-propenylsulphones, which 
yield the corresponding @-hydroxy-derivatives (Troegar and Artmann, J. pr. Chem., 
1896, 58, 484). On the other hand, phenyl- and #-tolyl-A*-propenylsulphones are described 
by Otto (Annalen, 1894, 283, 181) as being hydrolysed to allyl alcohol and the corresponding 
sulphinic acids. 

The difference in the present case is that, with excess of potassium hydroxide solution, 
both benzyl-As- and -A*-propenylsulphones, and also benzyl-B-hydroxypropylsulphone, are 
hydrolysed to benzylmethylsulphone and acetaldehyde. The reaction in the former two 
cases evidently occurs with the intermediate formation of the latter compound, since it 
can be isolated from the mixture in cases of incomplete decomposition : 

(I) or (II) —“> CH,Ph-SO,-CH,-CH(OH)-CH, —*-> CH,Ph-SO,Me + CH,CHO 
This reaction also takes place when the methoxy-derivative (VI, R = Me) is boiled with 
potassium hydroxide (but not when sodium methoxide is used) or when methyl]-A4-propenyl- 
sulphone is similarly treated. Benzyl-y-hydroxypropylsulphone, however, is stable under 
these conditions. 

The above decomposition does not appear to have been previously observed, though 
an analogy is presented by the alkaline hydrolysis of 8-keto-sulphones (Otto, J. pr. Chem., 
1888, 36, 401) : 


Ph-SO,"CH,*COMe ——-> Ph-SO,Me + Me-CO,H 


EXPERIMENTAL. 


None of the methods described in Beilstein’s ‘‘ Organische Chemie ’’ was satisfactory for the 
preparation of benzylsulphinic acid in large quantities. It was prepared in 25% yield by passing 
dry sulphur dioxide through an ethereal solution of benzylmagnesium chloride. The aqueous 
layer, after decomposition of the product with water and extraction with ether, was evaporated 
nearly to dryness in a vacuum, acidified with dilute sulphuric acid, and extracted with ether. 
This extract yielded the sulphinic acid as a mixture of an oil and a crystalline material which 
was not further purified, as the sulphone (below) obtained from the mixture was identical with 
that obtained from the recrystallised sodium salt prepared from the crystals alone. 

Benzyl-A8-propenylsulphone (I; R = CH,Ph) was obtained by boiling a mixture of sodium 
benzylsulphinate (19 g.), allyl bromide (20 g.), and absolute alcohol (50 c.c.) under reflux for 
12 hours. The solution was poured into water, and the sulphone removed ; the filtrate yielded 
a further quantity when extracted with chloroform. The sulphone separated from petrol 
(b. p. 40—60°), in which it was very sparingly soluble, as colourless plates and from benzene— 
petrol as prisms, m. p. 64—65°. Yield, 84% (Found: C, 61-4; H, 6-3; S, 16-5. Cj H,,0,S 
requires C, 61-2; H, 6-1; S, 16-38%). It was recovered unchanged after it had been treated 
with warm concentrated sulphuric acid or boiled with water, methyl alcohol, or dilute sulphuric 
acid. 

a8-Bisbenzylthiopropane.—In an attempt to prepare benzyl $-bromopropyl] sulphide from 
propylene dibromide, the latter (18 g.) was rapidly added to a cooled solution of sodium benzyl- 
thiol (from 10 g. of benzylthiol) in 80% ethyl alcohol (70 c.c.), The product was boiled under 
reflux for 1 hour, added to water, extracted with ether, and dried. The residue, after removal 
of the ether, was distilled under reduced pressure and collected at 140—210°/11 mm. Re- 
distilled, b. p. 218—222°/14 mm. Yield, 56%. 

a8-Bisbenzylsulphonylpropane, CH,Ph*SO,°CH,°CH(SO,*CH,Ph)°CH;, prepared by oxidation 
of the above sulphide (6-5 g.) with perhydrol (15 g.) in glacial acetic acid (75 c.c.), crystallised 
from glacial acetic acid in narrow prisms, m. p. 201° (Found: C, 58-3; H, 5-7; S, 18-5. 
C,,H4)0,S, requires C, 58-0; H, 5-7; S, 18-2%). 

Benzyl §-hydroxypropyl sulphide, prepared in 81% yield from benzylthiol (20 g.), propylene 
chlorohydrin (14 g.), and alcohol (100 c.c.), had b. p. 55—56°/11 mm. 

Benzyl-B-hydroxypropylsulphone (V) was obtained by oxidation of the preceding sulphide 
(24 g.) with perhydrol (47 g.) in acetic acid solution (100 c.c.). After addition of the product 
to water, the solid was removed; a further quantity was obtained by extraction of the filtrate 
with chloroform, The sulphone separated from dry ether or benzene in short colourless prisms, 

=F 
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m. p. 98—99° (Found: C, 56-0; H, 6-2; S, 15-1. CygH,,0,S requires C, 56-1; H, 6-5; S, 
15-0%). 

Benzyl-8-chloropropylsulphone (IV).—To the hydroxy-sulphone (20 g.) in boiling chloroform 
(100 c.c.), powdered phosphorus pentachloride (40 g.) was cautiously added, the solution 
boiled under reflux for } hour, the solvent removed under reduced pressure, and the residue 
decomposed with ice. The solid obtained crystallised from benzene-petrol (b. p. 40—60°) 
in prisms, m. p. 88°. Yield, 88% (Found: C, 52-1; H, 5-7. Cy H,;0,CIS requires C, 51-6; 
H, 5-6%). 

Benzyl-A*-propenylsulphone (II; R = CH,Ph).—The above chloro-sulphone (10 g.) was 
boiled under reflux with pyridine (25 c.c.) for 2 hours, the liquid added to a slight excess of dilute 
hydrochloric acid, and the solution extracted with chloroform. The sulphone obtained from 
the dried extract crystallised from benzene—petrol in short, faintly grey prisms, m. p. 83-6°. 
Yield, 76% (Found : C, 61-4; H, 6-3; S, 16-6. C, 9H,,0,S requires C, 61-2; H, 6-1; S, 16-3%). 
It was soluble in benzene, alcohol, and chloroform, but less so in ether and water. It depressed 
the m. p. of benzyl-A8-propenylsulphone to about 45°. Like its isomeride, the sulphone was 
unaffected by boiling water, methyl alcohol, or dilute sulphuric acid. A solution in aqueous 
sodium bicarbonate decolorised cold potassium permanganate. 

Benzyl-B-methoxypropylsulphone (VI; R = OMe).—Benzyl-8-chloropropylsulphone (2 g.) 
was boiled under reflux with a solution of potassium hydroxide (1 g. in methyl alcohol, 10 c.c.) 
for $ hour, and the product poured into water. Chloroform extracted a thick oil, b. p. 214°/14 
mm., which solidified when cooled but could not be recrystallised (Found: C, 57-5; H, 6-9; 
OMe, 13-5. C,,H,,0,S requires C, 57-9; H, 7-0; OMe, 136%). The sulphone was converted 
into the hydroxy-derivative (V) when boiled under reflux for 2 hours with a solution of hydrogen 
iodide in glacial acetic acid. 3N-Potassium hydroxide hydrolysed the sulphone to benzyl- 
methylsulphone. 

Benzyl y-hydroxypropyl sulphide, prepared in 88% yield from benzylthiol (20 g.), tri- 
methylene chlorohydrin (14 g.), and alcohol (120 c.c.), had b. p. 185°/19 mm. 

Benzyl-y-hydroxypropylsulphone, prepared by the oxidation of the above sulphide (38-7 g.) 
with perhydrol (72 g.) in glacial acetic acid solution (150 c.c.), crystallised from benzene in needles, 
m. p. 127°. Yield, 77-6% (Found: C, 56-0; H, 6-3; S, 15-2. C,9H,,0,S requires C, 56-1; 
H, 6-5; S, 15-0%). The sulphone was stable to 3N-potassium hydroxide. When the substance 
(1 g.) was heated with potassium hydrogen sulphate (3 g.) to 220°, a dark-coloured product 
was obtained, which was boiled in alcoholic solution with norit and crystallised from benzene— 
petrol (b. p. 40—60°); it then had m. p. 111—112° and was evidently di-(y-benzylsulphonyl- 
propyl) ether, (CH,Ph*SO,°CH,°CH,°CH,),O (Found: C, 58-7; H, 6-5; S, 16-2; M, 371, 385. 
Cy5H2,0;S, requires C, 58-5; H, 6-6; S, 15-6%; M, 410). 

Benzyl-y-chloropropylsulphone (III), prepared by addition of phosphorus pentachloride 
(22 g.) to the hydroxy-sulphone (11 g.) dissolved in hot chloroform (40 c.c.), crystallised from 
dilute acetic acid in short prisms, m. p. 96°. Yield, 71% (Found: C, 52-4; H, 5-6; S, 13-7. 
C49H,30,CIS requires C, 51-6; H, 5-6; S, 13-8%). When boiled with pyridine or alcoholic 
potash under reflux, it was converted into the corresponding hydroxy-sulphone. 

Methyl-A8-propenylsulphone (I; R = Me) was prepared by boiling under reflux a mixture 
of allyl bromide and magnesium methanesulphinate (obtained by passing dry sulphur dioxide 
through an ethereal solution of methylmagnesium bromide). It was a colourless liquid, b. p. 
130°/15 mm. (Found: C, 39-9; H, 6-7. C,H,O,S requires C, 40-0; H, 6-7%), which yielded 
acetaldehyde when boiled with 3N-potassium hydroxide. 

Addition of Methyl Alcohol to Benzyl-Ae- and -A8-propenylsulphones.—Either sulphone (1-5 g.) 
was dissolved in N-sodium methoxide (22 c.c.) and kept, or boiled under reflux, for 20 hours, 
the same product being obtained in both cases and also when a solution of the sulphone in 
N/10-sodium methoxide. was kept for 30 minutes. Benzyl-8-hydroxypropylsulphone was 
obtained when the product was boiled with hydriodic acid. 

Action of Potassium Hydroxide Solution.—(i) Benzyl-A®-propenylsulphone (2 g.) was boiled 
under reflux with 3N-potassium hydroxide (50 c.c.) for 14 hours. The product crystallised 
from benzene in slightly discoloured needles of benzylmethylsulphone, m. p. and mixed m. p. 125° 
(Found: C, 56-5; H, 6-0; S, 18-7. Calc.: C, 56-5; H, 6-0; S, 18-8%). 

(ii) Benzyl-A’-propenylsulphone (1 g.), when boiled under reflux with 0-1N-potassium 
hydroxide (10 c.c.) for 2 hours, yielded a mixture of benzyl-8-hydroxypropylsulphone and 
benzylmethylsulphone. 

(iii) When a mixture of the As- or the A®-sulphone with 3N-potassium hydroxide was dis- 
tilled for 20 minutes, acetaldehyde was produced (p-nitrophenylhydrazone, m. p. 128°. Found : 
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C, 53-8; H, 4-9. Calc.: C, 53-6; H, 50%). The aqueous residue contained the hydroxy- 
sulphone and benzylmethylsulphone. The same three substances were obtained when benzyl- 
§-hydroxypropylsulphone was similarly treated with 3N-potassium hydroxide. 

Action of Sodium Carbonate Solution.—(i) When either of the unsaturated sulphones was 
boiled under reflux with N-sodium carbonate for 2 hours, a mixture of hydroxy- and unchanged 
sulphone was obtained. Neither the other isomeride nor benzylmethylsulphone could be 
detected. 

(ii) In order to discover whether there was any difference in the rates of conversion of the 
unsaturated sulphones into the hydroxy-sulphone, each of the former (0-5 g.) was boiled under 
reflux with 0-1N-sodium carbonate (25 c.c.) for 40 minutes. The product, extracted and dried 
(calcium chloride) in chloroform and recovered, had m. p. 84-0° (from the A®-sulphone), cor- 
responding to a 76% conversion, and 86-5° (from the As-sulphone), corresponding to 81% 
conversion. The melting-point curves for the three substances are : 


Mixtures of the A8-sulphone with the B-hydroxy-sulphone. 


Hydroxy-sulphone, % 0-0 18:0 29°2 42°9 53°2 64:7 86°7 100-0 
M. p. 64°5° 54:0° 51-9° 66°6° 72°7° 78°8° 88°2° 980° 


Mixtures of the At-sulphone with the B-hydroxy-sulphone. 


0-0 11-2 25°0 35:1 50°0 70°2 86°3 100°0 
78°6° 71°5° 67°0° 69°8° 81-2° 89°2° 98°0° 


Addition of Hydrogen Iodide.—The A-sulphone (1 g.) was boiled under reflux for 1 hour 
with 5 c.c. of hydriodic acid (d 1-9), and the mixture poured into water. The product, isolated 
in chloroform and crystallised twice from benzene—petrol (b. p. 40—60°), formed needles, m. p. 
105—107° of benzyl-B-iodopropylsulphone (Found: C, 37-2; H, 4:0; S, 10-1. Cy9H,3;0,IS 
requires C, 37-0; H, 4:0; I, 39-2; S, 99%), hydrolysis of which with 1% sodium hydroxide 
in 50% ethyl alcohol yielded the 6-hydroxy-sulphone. 

The iodo-sulphone similarly obtained from the A’-sulphone was contaminated with iodine- 
free products and after three crystallisations had m. p. 99° (Found : C, 37-5; H, 4-0; I, 39-0%). 
It did not depress the m. p. of the preceding iodo-sulphone, and hydrolysis converted it into 
the $-hydroxy-sulphone. 

Fission of Benzyl-Ae-propenylsulphone by Ozone.—The sulphone was ozonised in chloroform 
for 48 hours. No aldehyde was produced when the residue after evaporation of the chloroform 
was boiled with water. The only product obtained from the residual liquid was benzoic acid. 

Fission of Benzyl-A8-propenylsulphone by Ozone.—The sulphone was ozonised in chloroform 
for 1 hour. After distillation of the chloroform, the residue was boiled with water and the 
vapours were passed into an acetic acid solution of p-nitrophenylhydrazine; the hydrazone 
obtained could not be purified owing to the presence of sulphone which had distilled with the 
steam. The residual sulphone in the flask was isolated and warmed with p-nitrophenylhydrazine 
solution, yielding benzylsulphonylacetaldehyde-p-nitrophenylhydrazone, 

CH,Ph*SO,°CH,*CH:N*-NH°C,H,'°NO,, 
which separated from dilute alcohol in orange crystals, m. p. 195—196° (Found : C, 53-5; H, 
4-4. C,,;H,,0,N,S requires C, 54-1; H, 4-5%). 

When treatment with ozone was prolonged to 48 hours, further fission took place and the 
product finally isolated appeared to be benzylsulphonylformaldehyde-p-nitrophenylhydrazone, 
CH,Ph*SO,°CH:N-NH’C,H,*"NO,, m. p. 178—180° after crystallisation from dilute alcohol 
(Found: C, 52-5; H, 4-3. C,4H,,;0,N,S requires C, 52-7; H, 4:1%). 

All the analyses were carried out by Dr. A. Schoeller of Berlin. 
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146. The Freezing Points of Some Benzene Solutions. 
By C. R. Bury and H. O. JENKINS. 


THE depression of the freezing point of benzene by 19 solutes has been determined by an 
equilibrium method in order to test recent views as to the importance of two of the factors 
that are believed to be responsible for the departure of solutions from ideal behaviour, 
viz., internal-pressure differences and the dipole moments of the molecules. 


EXPERIMENTAL. 


Previous investigators of the f. p.’s of solutions in organic solvents, almost without exception, 
have used the Beckmann or some other modification of the supercooling method. This method 
is subject to a number of objections: (a) Thermal equilibrium is never established. (b) The 
concentration of the solution is uncertain owing to the separation of solvent on freezing. (c) The 
ease with which benzene solutions can be supercooled seems to depend on the concentration 
of the solute (Jones and Bury, J., 1925, 127, 1947; Sidgwick and Sutton, J., 1930, 1461); 
the difference between true and observed f. p.’s, which always exists when this method is used 
but is unimportant as long as it remains constant, is likely to increase with concentration as 
the result of this phenomenon. (d) The solute may be adsorbed at the solid—liquid interface 
that is formed on freezing. 

The last objection has not been raised before and must therefore be discussed. The discussion 
will be limited to the best established case—adsorption of acetic acid at the benzene solid- 
liquid interface. The evidence for this is, first, that pure benzene freezes without supercooling 
in large transparent blocks which adhere to the walls of the containing vessel, while the addition 
of 0-2% of acetic acid causes it to freeze after considerable supercooling in long needles, radiating 
inwards from the containing walls. Such changes of crystal habit are usually attributed, 
and in some cases can be proved to be due, to the preferential adsorption of an impurity on 
certain faces of the crystal (Milligan, J]. Physical Chem., 1929, 38, 1363; Marc and Wenk, 
Z. physikal. Chem., 1910, 68, 104). Marc and Wenk also show that the presence of adsorbable 
impurities favours supercooling. The frequency with which the crystal habit of organic solvents 
is altered by solutes indicates that adsorption is a common occurrence. 

Secondly, van Bijlert’s method of detecting the formation of solid solutions (Z. physikal. 
Chem., 1891, 8, 343) can also be used to detect adsorption; the method, indeed, is incapable 
of distinguishing between the two phenomena. This method, which is identical in principle 
with Schreinemakers’s method of indirect analysis, consists in adding an inert reference sub- 
stance (X) to a solution in benzene of the substance (Y) which is suspected of being adsorbed 
by, or forming mixed crystals with, solid benzene. The mixture is partially frozen, the mother- 
liquor poured off, and both mother-liquor and moist solid analysed. Mixed-crystal formation 
or adsorption is indicated if the product P = [X],[Y]s/[X]s[Y], >1, where brackets indicate 
concentrations, and the subscripts L and S refer to mother-liquor and moist solid respectively. 

Beckmann (Z. physikal. Chem., 1897, 22, 609) performed a series of three experiments with 
acetic acid in benzene, using bromoform as reference substance, which gave an average value 
for P of 1-05. He was investigating the possibility of mixed-crystal formation, which usually 
gives rise to much greater values of P, and therefore attributed his results to experimental 
error. A similar series of four experiments by Dr. E. R. Jones, working in these laboratories. 
gave 1-03 as the mean value of P. While the amount of acetic acid separating out with the 
solid is small, and accurate analysis difficult, these results indicate that P is definitely greater 
than unity, and that acetic acid is adsorbed from a benzene solution on the surface of solid 
benzene: the other alternative, mixed-crystal formation, is improbable with substances of such 
diverse structure. 

If, in the determination of degrees of association from freezing-point measurements, solutions 
are prepared synthetically, and the removal of solute by adsorption neglected, the results 
obtained will be too great. Comparison, however, of our results for acetic acid, in which this 
source of error is avoided, with those of previous investigators (see below) makes it probable 
that the error is small. 

In order to avoid the errors of the supercooling method, freezing points have been determined 
by an equilibrium method, in which the temperature and concentration of a solution in equili- 
brium with solid benzene are determined, errors due to adsorption being avoided since the 
concentration is determined after the solute has been adsorbed. The apparatus and procedure 
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were based on those employed in previous work on aqueous solutions (Jones and Bury, Phil. 
Mag., 1927, 3, 1032), but the application of the method to non-aqueous solutions necessitates 
several important modifications. 

First, organic liquids generally have much smaller latent and specific heats than water : 
this makes it necessary to reduce to a minimum the passage of heat from the room to the inside 
of the vacuum flask in which the freezing points are determined. This was achieved by sinking 
the flask in a well-stirred outer bath whose temperature was maintained within 0-1° of that of 
the contents of the flask. Without this precaution a continual temperature drift was observed. 

Secondly, the tendency of benzene to absorb moisture cannot be neglected (Sidgwick, J., 
1920, 117, 1340). To avoid this, a gentle current of dry air, first cooled by passage through a 
metal coil immersed in the outer bath, was passed into the flask; also, whenever possible, a 
small amount of phosphoric oxide was placed in the solution (Roberts and Bury, J., 1923, 
123, 2037; Jones and Bury, J., 1925, 127, 1947). Unfortunately, the device of using phosphoric 
oxide to keep solutions dry is inapplicable with solutes containing hydroxyl or other reactive 
groups (Brown and Bury, J. Physical Chem., 1925, 29, 1312). 

To obviate difficulties that arise from the small latent heat of benzene, and to avoid un- 
necessary exposure of it to the air, about 200 ml. of the freshly distilled solvent were placed 
directly in the vacuum flask and frozen in situ by a current of cold brine which circulated 
through two concentric tubes immersed in the solvent. After determining the freezing point 
of the solvent, a suitable amount of the solute was added and the freezing process repeated, 
and so on. 

A disadvantage of the method is the large quantity of solvent required, although apparatus 
and procedure were designed to economise its use. Each series required about 350 ml. of 
carefully purified benzene, obtained by fractionation from about four times the quantity of 
commercial ‘‘ pure’ benzene. Altogether about 50 series of experiments were performed, two 
at least being done with each solute. 

The chief disadvantage of the method, however, is the difficulty of analysing the solutions 
with sufficient accuracy; this difficulty has played an important part in restricting the choice 
of solutes. Direct volumetric methods were used whenever possible, i.e., in estimating phenol, 
o- and p-cresol, and pyridine; but for the majority of the solutes some indirect method based 
on determinations of some physical property had to be used. Measurement of the refractive 
indices with a Pulfrich refractometer was tried in some preliminary experiments, but the 
volatility of the solutions, and the unsatisfactory temperature control of the instrument made 
this method impracticable. Density determinations were therefore used. Samples of about 
30 ml. were taken from the freezing-point apparatus and shaken with a few ml. of water at 
25° to remove any phosphoric oxide held in suspension; the density of these moist solutions 
was determined at 25° with an accuracy of about + 0-003%. Concentrations were deduced 
by comparison with the densities of solutions of known concentration which had also been 
saturated with water at 25°. When, for reasons stated above, phosphoric oxide could not be 
used, densities of dry solutions were compared. 

The accuracy of analysis depends on the difference between the densities of solvent and 
solute. Under favourable conditions, the molality could be determined with an uncertainty 
of less than 0-0005 unit, but with other solutes the possible error was about twice as great. 
This uncertainty as to the concentration was the most serious source of error in the work. 
There are, of course, a number of solutes whose densities are so close to that of benzene that this 
method of analysis is useless; for such solutes no method of analysis of sufficient accuracy 
could be devised. 

Temperatures were measured with a Beckmann thermometer which had been standardised | 
at the National Physical Laboratory. Although more accurate methods are available, further 
refinement in the measurement of temperatures is useless unless solutions can be analysed more 
accurately. Peterson and Rodebush (J. Physical Chem., 1928, 32, 709) devised an apparatus, 
based on the equilibrium principle, for the accurate determination of the freezing points of very 
dilute benzene solutions; in practice the analysis of these dilute solutions was found impossible, 
and their concentration was determined by synthesis, before freezing. This involves the sacrifice 
of one of the essential features of the equilibrium method, to which it owes its superiority. 

Benzene was purified by shaking with sulphuric acid until a negative indophenin test was 
given; it was then washed, distilled from phosphoric oxide, and fractionally frozen five times. 
Commercial benzene (and cyclohexane also) seems to contain some impurity that influences 
' its crystal habit in the same way that acetic acid does, and the appearance of the solid changes 
remarkably as fractionation proceeds. Purified benzene was stored over water and distilled 
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from phosphoric oxide as required. All solutes used were carefully purified by appropriate 
methods. 


TABLE I. 
Carbon tetrachloride. 


0. m. 8/m. a. y: y’. 0. m. O/m. a. y- 
0°603° 0°1184 5°093° 1:000 0:992 0:991 2°801° 0°5630 4:975° 1:000 0-960 
0883 0°1737 5:°083 0°999) o-9gg 0°987 4005 0°8166 4-904 1:001 0°943 
0883 0:1740 5075 1-001/ 0-986 4503 0°9218 4°885 0:999 0°935 
1761 0°3499 5°031 1:000 0°975 0-973 4972 1:026 4848 1:002 0°928 
2457 O'4917 4:997 1:000 0°966 0°963 5°620 =1°166 4818 1:000 0-918 


Chloroform. Bromoform. p-Dichlorobenzene. Ethylene dichloride. 


6. m. 6. m. 6. m. 6. m. 
0°495° 0°0973 0°819° 0°1611 0°435° 0-0851 0°937° 0°1847 
0°713 0°1398 1-334 0°2638 0°875 0°1724 1:297 0°2563 
0°945 0°1871 2-053 0°4081 1-100 0°2167 1-345 0°2662 
1°547 0°3073 3°045 0°6122 2-820 0°5673 2-920 0°5871 
2-125 0°4251 3°995 0°8125 3°353 0°6761 3°370 0°6812 
2-810 0°5658 4°675 0°9579 4°624 0°9471 4°194 0°8549 
4°885 1-0033 4°899 1:0067 4°830 0°9914 4°664 0°9560 
5515 1°1403 5°173 1:0656 5°273 1-0859 5111 1:0536 


p-Cresol. o-Cresol. 


6. m. 8 /m. y: 0. ’ 6 /m. 
0-420° 00861 4:878° 1 0-917 0°790° 4-901° 
1100 02341 4699 1: 0-833 0-989 4-759 
1305 02906 4-490 0-781 1-407 4-627 
1663  0°3867 4-300 0-724 1-692 4-621 
2539 06389 «Ss «3-974 0619 . 2690 4-271 
3483 09951 3°501 0-502 3105 4-076 
3-773 1143 3-301 0-461 4505 3°631 
4405 1466 3-006 0°397 4-885 3501 
4780 1691 2-827 0-361 5-040 3-451 
5-002 1852 ~—- 2700 ‘795 0338 


Carbon disulphide. Quinoline. 


0°638 0°1264 5°047 1-008 0°3084 4°999 
2-173 0°4411 4-926 1-016 0°4826 4°870 
2°615 0°5410 4°834 1-030 0°6038 4-700 
3°123 0°6517 4°792 1033 ; ; 0°7078 4°662 
3°425 0°7201 4°756 1-038 . 0°7865 4°580 
4°153 0°8815 4-711 1-039 0°9228 4°506 
4°405 0°9434 4°669 1°045 1-049 4°445 
5°440 1-193 4°560 1-058 1149 4°397 
5°634 1-241 4°539 1-060 1167 4°383 


o-Nitrophenol. Chlorobenzene. 


0°660 0°1304 5°061 1-005 0°1642 5°073 
0-980 0°1968 4980 1-018 0°2236 5°067 
1899 0°3915 4°851 1-034 0°2843 5-030 
2°342 0°4897 4°784 1-044 0°4414 5°002 
3°538 0°7705 4-592 1-073 0°6320 4°948 
3°900 0°8608 4°531 1-083 0°7596 4°888 
4°648 1-058 4:393 1°107 0°9459 4°848 
5-098 1-183 4°310 1°123 1120 4°784 
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Ethylene dibromide. p-Nitrophenol. 


0-900 01781 5053 1-004 00472 4301 1-188 
1339 02678 5000 1-010 0°0546* 4212 1-213 
1940 03911 4960 1-011 0:0547* 4260 1-199 
2586 05296 4883 1-021 
3040 06323 4808 1-031 Bromobenzene. 
3619  0°7545 4797 1-027 . . 03176 5-037 1-000 
4555 09779 4658 1-047 05708 4956 1-003 
4810  1:039 4629 1-050 06346 4933 1-004 
5051 1-093 4621 1-048 09910 4832 1-007 
1:079 4811 1-006 
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Benzoic acid, Nitrobenzene. 

m. 0/m. a. 6. m. O/m. 
0°0691 2°634° 1-941 0°490° 0°1016 4°823° 
0°0937 2°615 1°954 0°507 0°1045 4°852 
0°1697 2-622 1°944 0°796 0°1652 4°818 
0°1941 2-581 1:974 0-960 0°2027 4°736 
0°2391 2-547 1-998 1:226 0°2602 4°712 
0°2531 2°544 1-999 1-722 0°3725 4°623 
0°2749 2-554 . 1990 1-921 0°4157 4621 
0°2860 2-535 2-006 2-220 0°4854 4°574 
0°3505 2°525 2-009 2°675 0°5960 4°488 
0°4152 2-514 2-015 3°178 0°7142 4°450 
0°4374 * 2-510 2-017 3°265 0°7342 4°447 
' , 3°806 0°8684 4°383 

Acetic acid. 3:940 0-9008 4374 


0°0967 2°616 1-952 4°653 1-089 4°272 

0°2375 2-560 1-987 4-980 1-174 4°240 

0°3815 2-490 2-035 5-313 1-271 4181 

0°5095 2-461 2-053 5°387 1-293 4°166 

0°6847 2°423 2-077 

1-024 2°353 2-121 

1152 2335 2-131 

1:386 2°285 2°167 

1626 2-241 2-197 

2°197 2°146 2-267 

2-481 2-097 2°310 

Phenol. Pyridine. 

m. O/m. 0. m. O/m. 0. m. O/m. 0. m. O/m. 
0°594 2°407° 3°638° 1888 1-927° 1:200° 0°275 4:364°  4:004° 0°965 4:175° 
1-261 2°157 4°701 2°764 1°701 1:225 0-282 4-344 4146 0994 4:171 
1540 2-045 5001 3°160 1°583 2659 0°624 4261 4886 1186 4119 


* Eutectic point. 


The results obtained are given in Table I, where 6 is the depression of the freezing point, 
and m the concentration in mols. per 1000 g. of benzene. Association factors are the molality 
(m) divided by that of an ideal solution which would have the same freezing point. Activity 
coefficients (y) have been calculated when possible by the methods of Lewis and Randall 
(‘‘ Thermodynamics,” 1923, chap. XXIII); for acetic and benzoic acids and for nitrobenzene, 
however, these cannot be calculated without further data at lower concentrations. As a 
general rule, measurements cover the range 6 = 0-5°—5-0°. In order to save space, a selection 
only of our results is given. 


DISCUSSION. 


1. The Freezing Points of Ideal Solutions.—Since an ideal solution is defined as one 
in which the activities of the components are equal to their mol.-fractions, their freezing 
points can be calculated by replacing the activity of the solvent by its mol.-fraction in 
Lewis and Randall’s equation XXIII—17 (oP. cit.). On introducing numerical values for 
the freezing point of the solvent (278-6° K., Richards, Carver, and Schumb, J. Amer. Chem. 
Soc., 1919, 41, 2019), its molal heat of solidification (— 2349-4 g.-cals.; Huffman, Parks, and 
Daniels, ibid., 1930, 52, 1547), and the molal heat capacities of solid and liquid benzene 
(28-3 and 31-0 g.-cals.; Maass and Waldbauer, zbid., 1925, 47, 1; Huffman, Parks, and 
Daniels, Joc. cit.), an equation is obtained from which the mol.-fraction, and hence m, 
corresponding to any desired value of 8, can be calculated. The figures obtained can be 
represented (-+ 0-002°) by the interpolation formula 6 = 5-122m — 0-261m?, valid for the 
range m = 0—Il. 

Carbon tetrachloride is a typical ideal solute, at least in the range of concentrations 
used in this work. As can be seen from Fig. 1, in which 6/m is plotted against 0, the experi- 
mental points lie close to the line calculated for an ideal solute. Within the limits of 
experimental error, association factors are equal to 1, and activity coefficients agree closely 
with those calculated for the formula for those of an ideal solute, y’ = 1000/(Mm + 1000), 
where M is the molecular weight of the solvent. This equation is determined by the 
conditions that the activity of an ideal solute (y’m) must be proportional to its mol.- 
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fraction and must also, in the limiting case m = 0, be equal to its molality (m). Chloro- 
form, bromoform, #-dichlorobenzene, and ethylene dichloride are similar, so calculations 
of 6/m, «, and y are omitted. 

2. The Freezing Points of Non-ideal Solutions.—p-Cresol is typical of many non-ideal 
solutes. As can be seen from Fig. 1, the values of @/m lie on a straight line which extra- 
polates (0 = 0) to the normal value of 0/m characteristic of an ideal solute, but with 


substances of this type the slope of the line depends on the solute and varies from sub- 
stance to substance. o0-Cresol, carbon 


disulphide, o- and #-nitrophenols, 

Ideal Car - ethylene dibromide, and quinoline are 
o—_Carton fetrachlonide | <a members of this class of solute : 
~ chlorobenzene and bromobenzene are 
almost ideal solutes, but appear also 
to belong to this class. 

Benzoic and acetic acids are 
examples of another type of non-ideal 
~*~ solute. As can be seen from Fig. 2, in 
“0, which the results for acetic acid are 
iti plotted as in Fig. 1, 0/m first falls 

"+: eng rapidly to about half its limiting value 
ee and thereafter falls much less rapidly. 

The experiments barely touch the 
initial part of the line where 0/m is 
changing rapidly, though measurements with these two solutes were extended to lower 
concentrations than usual; the work of Peterson and Rodebush (loc. cit.), however, shows 
the behaviour of acetic acid in this region. 

Our results for acetic acid are compared in Fig. 2 with those of previous investigators, 
the most important of which are Beckmann (Z. physikal. Chem., 1888, 2, 729), Dahms 
(Wied. Ann., 1895, 54, 499; 1897, 60, 120), Trautz and Moschel (Z. anorg. Chem., 1926, 
155, 13), and Peterson and Rodebush (loc. cit.). The remarkably close agreement of 
our results with those of the first three 
observers indicates that adsorption 
does not cause appreciable errors. 
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The “ideal dimeric ”’ line in Fig. 2 
has been drawn by plotting half the 
calculated value of 0/m for an ideal 
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solute against 6. If acetic acid was 
an equilibrium mixture of the mono- 
meric and dimeric forms, and if this & 
was the only cause of its abnormal 
behaviour, the experimental curve 
should approach this line asymptotic- } 
ally with increasing concentration. 
Actually, however, it crosses this line 7% 7 ? 3 
and approaches asymptotically an-- @ 
other line which is related to the ideal dimeric line just as the f-cresol line is related to the 
ideal line (Fig. 1). It appears, therefore, that the dimeric form of acetic acid belongs to the 
p-cresol class of non-ideal solutes, and that acetic acid is practically completely associated 
to the dimeric form at all concentrations greater than about 0-4m. The same conclusions 
appear to apply to benzoic acid also, though with this solute measurements are restricted 
to dilute solution on account of its low solubility. Since acetic acid is almost completely 
transformed into the dimeric form at all concentrations greater than about 0-4m, it is 
improbable that the abnormal properties of pure acetic acid at low temperatures can be 
accounted for by the assumption that it is a mixture of a monomeric and a dimeric form. 
p-Cresol and acetic acid are representatives of the two common classes into which 
“associated ’’ substances can be divided (Auwers, Z. physikal. Chem., 1899, 30, 300; 


-i- Peterson & Rodebush 
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Brown and Bury, J. Physical Chem., 1926, 80, 694). The facts described above, and the 
behaviour in the gaseous state, make it probable that the abnormality of acetic acid is 
mainly, but not entirely, due to association to a dimeric form. The abnormality of the 
p-cresol type of solute has not yet been satisfactorily explained. 

Phenol is known to form solid solutions with benzene (Garelli, Z. physikal. Chem., 
1896, 21, 122), and it was studied as an example of such substances and because we desired 
to test a method of detecting the formation of solid solutions. The proposed method 
proved useless so it is not described. As can be seen from Fig. 1, the values of 0/m lie 
on a straight line, but this does not extrapolate to the normal value of 6/m when 6 = 0. 
From the limiting value of 0/m (2-73) it follows that the distribution coefficient of phenol 
between solid and liquid benzene is 0-47 (van ’t Hoff, “ Lectures on Theoretical and 
Physical Chemistry,” 1899, vol. II, p. 75). 

Pyridine is suspected of forming solid solutions with benzene; Bruni (Gazzetia, 1898, 
28, i, 259) studied solid solutions of pyridine and piperidine in benzene, but owing to 
analytical difficulties recorded no data for pyridine. It wasimportant, however, to compare, 
if possible, the degree of association Fic. 3 
from freezing points with that deter- ine 
mined from polarisation measure- 
ments by Rolinski (Physikal. Z., 1928, 
29, 658). The results obtained show 
that pyridine belongs to the same 
class as phenol, and gives a distribu- 




















tion coefficient of 0-14; a direct deter- .& 

mination by Dr. E. R. Jones, using | © Bury &Jenkins 

van Bijlert’s method, gave a value of a Davy & Sidgwick 

0-18. The great difficulty of deter- |  @ Beckmann. NITROBENZENE. 
mining pyridine accurately in the v Dahms. ’ 
presence of benzene makes van 9 7 ? ? 3 a 5 


Bijlert’s method very uncertain, and 
the discrepancy between the two methods is well within the limits of experimental error. 

Our results for nitrobenzene are compared with those of previous observers (Beckmann, 
loc. cit.; Dahms, loc. cit.; Davy and Sidgwick, J., 1933, 281) in Fig. 3, in which the results 
are plotted as before. This method of plotting emphasises the divergence between different 
observers much better than that employed by Davy and Sidgwick. Our results differ 
considerably from these, which is remarkable in view of the close agreement of our results 
for acetic acid with those of Beckmann andofDahms. The discrepancy was first attributed 
to the presence of some impurity of higher molecular weight in the nitrobenzene, but this 
was disproved by the fact that two different samples of nitrobenzene gave identical results. 
The first sample (m. p. 5-678°) was obtained from commercial nitrobenzene by fractional 
distillation and freezing, the second (m. p. 5-699°) by the nitration of pure benzene at a low 
temperature. The similarity of our figures for nitrobenzene to those of phenol and pyridine 
suggests that it forms mixed crystals with benzene. The distribution coefficient would 
be about 0-05. The low concentration of nitrobenzene in the mixed crystals indicated 
by freezing-point measurements and the impossibility of analysing with sufficient accuracy 
mixtures of benzene, nitrobenzene, and some inert reference substance, make it im- 
practicable to confirm this suggestion by van Bijlert’s method. The three determinations 
at the lowest concentrations, which, however, are most liable to experimental error, 
suggest another possibility—that the curve may turn up and that 6/m may have a normal 
value at infinite dilution. This would imply, however, that nitrobenzene was different 
from all other solutes examined. 

3. Internal Pressure and Deviations from the Law of Ideal Solutions.—Hildebrand (J. 
Amer. Chem. Soc., 1921, 48, 500) defines internal pressure as the function T(0P/0T)v; 
he has proved that unless liquids have equal internal pressures, their mixtures cannot 
obey Raoult’s law, and has put forward the hypothesis that deviations from this law are 
approximately proportional to differences in internal pressure of the components, for 
certain simpler types of systems. This rule is not applicable to mixtures of polar and 
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non-polar molecules, which, according to Hildebrand, should give abnormally large 
deviations. 

The relevant data for judging the value of this hypothesis are collected in Table II, 


TABLE II. 


T(@P/éT),, 
atm. 


018, atm. a(m = 1). a(m = 1). 
3716 — ' 3799 0-913 
-- 0°928 . 4183 0-930 
3368 0°930 4 4455 0°860 
3444 0°758 : 4490 0:930 
3693 0-930 ° eee , 4921 --- 
3725 0-850 


which includes data for those solutes the internal pressures of which are known. The 
second column contains the dipole moments (u) (Smyth, “ Dielectric Constant and Mole- 
cular Structure,”’ 1931), and the third internal pressures (in atmospheres) at 20°, calculated 
from Tyrer’s measurements of adiabatic compressibility (J., 1914, 105, 2540), determinations 
of (eP/0T)» by Westwater, Frantz, and Hildebrand (Physical Rev., 1928, 31, 135), and 
measurements of the velocity of sound in liquids by Freyer, Hubbard, and Andrews (/. 
Amer. Chem. Soc., 1929, 51, 759). The three methods agree closely, 3731, 3687, and 
3728 atm. respectively being the values for benzene. Tyrer’s measurements enable the 
internal pressure to be calculated for a range of temperatures, and it was found that changes 
of internal pressure with temperature were nearly proportional to the internal pressure 
itself, so that it is justifiable to compare differences of internal pressure at 20° with devi- 
ations from the ideal at 0—5°. In the fourth column are the activities at m = 1, obtained 
by interpolation from the data given in Table I, which are the most convenient criteria of 
the abnormality of the solutions. It seems desirable, for reasons given above, to regard 
acetic acid as existing in the dimeric form, and the activity was calculated on this assump- 
tion. The dipole moment follows from the measurements of Smyth and Rogers (J. Amer. 
Chem. Soc., 1930, 52, 1824). 

The data collected in Table II afford little support to Hildebrand’s hypothesis. Carbon 
disulphide, the dipole moment of which is zero, and the internal pressure of which is 
practically identical with that of benzene, should approximate most closely of all the solutes 
examined to an ideal solution; it is, however, markedly abnormal. Bromoform, on the 
other hand, forms an ideal solution in benzene up to the highest concentration measured, 
though its internal pressure is considerably greater than that of benzene, and it has a dipole 
moment. No correlation between internal pressure and activities can be detected. It 
should be pointed out that the data are too few to enable a final opinion to be given, but 
the table includes all substances the internal pressures of which were known at the time 
this research was undertaken, except such substances as alcohol, the investigation of 
which was impracticable for analytical reasons. 

4. Association and Polarisation—Two distinct views as to the relation between 
association and polarisation have been proposed. Lange (Z. Physik, 1925, 38, 169), 
Ebert (Z. physikal. Chem., 1924, 118, 1), and Debye (Marx, “ Handbuch der Radiologie,” 
VI, 1925, 633) suggest that the association of two or more molecules is caused by the 
attraction between them due to their dipole moments. In dilute solutions, two possi- 
bilities may be considered. First, a complex molecule of greater moment, capable of 
attracting further molecules, may be formed, in which case polarisation will increase with 
association and therefore with concentration, and association will not cease with the 
formation of double molecules. Secondly, a double molecule of zero dipole moment, 
incapable of attracting another molecule, may be formed; polarisation will then decrease 
with concentration. 

Sidgwick (“Electronic Theory of Valency,’’ Oxford, 1927, 132) suggests that 
association is due to the tendency of two molecules to unite by means of a co-ordinate 
link. Since the co-ordinate link has a large dipole moment, association should normally 
cause an increase in polarisation, but a symmetrical complex molecule containing two or 
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more co-ordinate links may be formed, whereupon polarisation will decrease with association, 
since a symmetrical molecule must have a dipole moment of zero. 

Increase of polarisation has only been observed with the alcohols, which were found 
unsuitable for freezing-point measurements on account of analytical difficulties. It is 
remarkable from the point of view of Sidgwick’s hypothesis that this type of behaviour 
is so rare, for it might be expected to be the most general type of association. 

In cases where polarisation decreases with concentration, both hypotheses lead to the 
conclusion that P, the molecular polarisation of a polar solute in a non-polar medium is 
the sum of two terms, one (A) due to the electronic and atomic polarisations, invariant 
with respect to temperature, association, and concentration, and the other due to the 
dipole orientation, which should depend on temperature (7), the degree of association 
(X), and hence on the concentration, and on a constant (B) proportional to the square 
of the dipole moment: P = A + (1 — X)B/T. Thus measurements of the polarisation 
of acetic acid in benzene by Smyth and Rogers (loc. cit.) show that the second term on the 
right of the above equation, due to orientation, is practically zero. Since the dipole 
moment is certainly not equal to zero, it follows that X = 1, and that acetic acid is almost 
completely associated at the lowest concentration studied (l1-5m). This is in agreement 
with the conclusions derived from freezing-point measurements, but further measurements 
of the polarisation and freezing points at lower concentrations are desirable in order to 
test the equation completely. 

Comparison of association factors derived from freezing points and from polarisations 
are given in Table III. In the second column are the dipole moments (Smyth, of. cit.), 


TABLE III. 


p xX 10%, Xp(m= 1). Xp(m= 1). 

Carbon disulphide 0 0-091 0 Rolinski, Joc. cit. 
Carbon tetrachloride ... 0 0 
0 


p-Dichlorobenzene 0 Smyth, Morgan, and Boyce, J. Amer. Chem. 


Soc., 1928, 50, 1536. 
Williams and Allgeier, ibid., 1927, 49, 2416. 
Smyth and Kamerling, ibid., 1931, 58, 2988. 
Smyth and Rogers, ibid., 1930, §2, 2227. 
Williams and Krchma, ibid., 1927, 49, 1676. 


Philip and Haynes, J., 1905, 87, 998. 


Hojendahl, Thesis, Copenhagen, 1928. 

Rolinski, Joc. cit. 

Williams and Aligeier, Joc. cit. 

Lange, Z. Physik, 1925, 38, 169. 

Rolinski, Joc. cit. 

Davy and Sidgwick, Joc. cit. 

Williams and Fogelberg, J. Amer. Chem. 
Soc., 1930, 52, 1356. 


p-Nitrophenol . Rn 0 t ” ” ” ” ” 
{m= 01. 


Benzoic acid 

Ethylene dibromide ... 
Bromoform 

Chloroform 

Ethylene dichloride ... 
o-Cresol 

p-Cresol 

Bromobenzene 
Chlorobenzene 
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Quinoline 
Nitrobenzene 
o-Nitrophenol 
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and in the third, the degrees of association (Xy) obtained by interpolation from freezing- 
point measurements. If the formation of double molecules only is assumed, association 
factors («) in Table I are related to degrees of association by the formula Xp = 2(a — 1)/«. 
Degrees of association calculated from polarisation measurements (Xp) are given in the 
fourth column with the source. Comparisons are made at unit molality when possible. 

Table III shows that agreement is only satisfactory for certain non-associated substances 
(carbon tetrachloride, p-dichlorobenzene, bromoform, and chloroform) and _ possibly 
also for quinoline, o-nitrophenol, and nitrobenzene; for this last substance, however, the 
accuracy and interpretation of the freezing-point data are doubtful. Lack of agreement 
in certain cases may be due to inaccuracy of the polarisation measurements and, in the case 
of ethylene dibromide, is probably due to variation of the dipole moment of the substance 
itself with changing conditions (Smyth and Kamerling, Joc. cit.), but there remain a 
number of substances for which it is clear that the two methods do not agree. 
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The table also shows that there are a number of substances (bromoform, chloroform, 
ethylene dichloride, and phenol) that have appreciable dipole moments but do not show 
any sign of association. Distribution measurements (Philip and Clark, J., 1925, 127, 
1274) confirm the conclusions of polarisation measurements for phenol. This is contrary 
to what would be expected from the Lange—Ebert-Debye hypothesis. On the other hand, 
carbon disulphide has zero moment but is shown by freezing-point measurements to be 
markedly associated. 

It is interesting to note that chlorobenzene hasa dipole moment and is slightly associated, 
while the symmetrical p-dichlorobenzene has a zero dipole moment and is not associated. 
This is what would be expected from the Lange-Ebert—Debye hypothesis, but is contrary 
to what would be expected from most other points of view. 

p-Nitrophenol is much more associated than o-nitrophenol, in accordance with the 
views of Sidgwick and Callow (J., 1924, 125, 527), who concluded that the substituent 
groups in the o-compound were united by means of a co-ordinate link to form a ring. 
With the -compound, this was impossible for stereochemical reasons, but the union of 
substituent groups of neighbouring molecules caused association. Two consequences of 
this view are, however, contrary to observed facts. The presence of a co-ordinate link 
due to ring formation should make the dipole moment of the o-compound abnormal, 
whereas it is close to what would be expected from a knowledge of the dipole moments of 
phenol, nitrobenzene, and the other two nitrophenols. Secondly, if the mechanism of the 
association of the #-compound was that postulated by Sidgwick and Callow, association 
should be detectable by polarisation measurements. 

The results quoted in Table III do not support the assertion of Rolinski (loc. cit.) 
that there is a direct parallelism between the dipole moment and association of a solute. 
This is not a consequence of the Lange-Ebert-Debye hypothesis, for, according to these 
authors, association should depend, not only on the magnitude of the dipole moment of 
the solute, but also on the shape of the molecule and position of the dipole. 

In conclusion, it appears that the union of separate molecules by a chemical bond to 
form an associated molecule is a rare phenomenon. Some loose association and orientation 
of neighbouring molecules, such as that suggested by Lange, Ebert, and Debye, seems 
far more probable, but it seems reasonable to suppose that the component dipoles of the 
individual bonds rather than the resultant molecular dipoles play a predominant part, 
since the molecules in a liquid are so close and since the force between dipoles falls off 
so rapidly as the distance between them increases. Many circumstances, including the 
fact that the apparent dipole moment of a molecule depends on its surroundings, as is 
shown by recent work on ethylene dibromide (Smyth and Kamerling, Joc. cit.) and nitro- 
benzene (Jenkins, Nature, 1934, 133, 106), show that the polarisation of a solution is a 
more complex phenomenon than was first thought. 
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147. The Dipole Moments of Liquids. 
By FRANK R. Goss. 


AN investigation of the effect of the liquid state on the dipole moments of molecules 
(Miiller, Physikal. Z., 1933, 34, 689) has made it evident that the several values which are 
obtained for any given compound fall into a regular order, which depends in the first place 
on the dielectric constant of the medium surrounding the substance under observation. 
In this paper the connexion between the polarisation coefficients of polar molecules and 
dielectric constants is considered from the standpoint of Raman and Krishnan’s theory 
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of electrical and optical properties. It has been shown (Goss, J., 1933, 1341) that this theory 
gives an exact explanation of the variation of polarisation and dielectric constant for a 
dipole-free substance, and the same theory is now applied to the calculation of the true 
dipole moments of liquids. 

Other properties as well as the dielectric constant may affect the observed moment in 
special cases; e.g., chemical reaction with the solvent in the case of the halogens (Miiller 
and Sack, Physikal. Z., 1930, 31, 815), variation of the electronic structure of the molecule, 
as with hydrogen chloride (Stuart, Z. Physik, 1928, 51, 497; Fairbrother, J., 1932, 43), 
and variation of the valency angles of particular atoms in the molecule, of which a good 
example is ethyl ether (Stuart, Joc. cit.). IR. 

The relationship between polarisation and dielectric constant in the liquid state has 
been given by Raman and Krishnan (Proc. Roy. Soc., 1928, A, 117, 595) in an expression 
which may now be written as 

e—l1 N e—l1 N? @ (1) 
P,= Pat Pat Pot 5 $+ + 23RT . . . . 
where P,,, P,, and Po are the components of the polarisation for the gaseous state at the 
temperature 7, ¢ is the dielectric constant of the liquid medium surrounding the molecule 
which has a polarisation P,, N and R have their usual significance, and 4 and © involve 
the effect of the anisotropy of the medium on Py,, and Pg respectively, as defined by 
Raman and Krishnan. 

This expression (1) has already been applied to the special case where Po and © are 
zero in a discussion of the polarisation coefficients of benzene by Krishnan (:bd., 1929, 
A, 126, 155) and by Goss (loc. cit.), and the validity of the expression for certain polar 
substances has been demonstrated by Sugden (Nature, 1934, 188, 415), who has shown that 
for nitrobenzene, chlorobenzene, and benzonitrile, the relationship between P, and ¢« is 
of the form 


P,=A-+ Ble — 1)/(e + 2) 


The expression (1) shows that P, will be related to < in this way unless it is also affected 


by other special properties such as those detailed in the second paragraph (above). 
When (< — 1)/(e + 2) is zero, P, = Py + Px + Po, asinagas. When (e — 1)/(e + 2) 
is unity, 

; P,=Pyg+ Py + Po t+Nb+NO/BRT. . . . . . (2) 
Sugden has suggested (loc. cit.) that when (e — 1)/(e + 2) is unity, then P, =. Pg + P,, 
but this condition is only realised in the above formula (2) if, after Ny has been neglected, 
a procedure which is often permissible, the relationship 4xy?/3 = — © can be said to hold. 
This condition is unlikely, and has not so far been found to exist except when uw is zero; 
indeed, it is evident that at the critical point © vanishes, while » retains its usual value. 

The expression (2) contains a number of coefficients which vary with temperature ; 
P,, Po, %, and © all vary with the temperature 7, and of these the variation of Po is 
required to determine the true dipole moment given by Py = 4xN*u2/9RT. The value 
of y% can be readily obtained from refractivity measurements, and © can be calculated 
from the slope of the curve connecting P, with (¢ — 1)/(e + 2), ¢.e., from 7X in the relation 


oP = pP, + 7K (xe — V/(rwe +2) - - ee 8) 


To obtain the dipole moment of the substance, however, it is only necessary to obtain 
values of ~P from the expression (3) for two or more values of 7. In fact, it is necessary 
to measure at least two values of P, at two or more temperatures. 

Typical examples of the numerous substances which obey the relationship (3) are the 
alkyl halides (Miiller, Joc. cit.). Accurate measurements have been made for methyl 
chloride as vapour by Sanger (Helv. Phys. Acta, 1930, 8, 161), and as liquid by Morgan and 
Lowry (J. Physical Chem., 1930, 34, 2385). The data for methyl chloride as liquid and 
at infinite dilution in hexane are given below and plotted in the fig. The moment and the 
distortion polarisation, P,,,, are calculated from the values of ~P, the Debye formula 
~P = Py,, + Bu?/T being used. 
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In hexane. As liquid. 
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a €. +3 P. €. e+2 rP. 

89°3 2-020 0°2537 39°3 15°84 0°8318 111°2 

84°0 1-992 0°2485 39°6 14°02 0°8127 103°6 

79°0 1965 0°2434 39°9 12°61 0°7947 96°2 

= 1°85; * Pra =: 12°6 c.c.; Pz =x 11°0 c.c. 
* Values of uw are given, here and throughout, in Debye units (e.s.u. x 1071). 

The value for the moment given in this table may be compared with that of 1-56 for hexane 
solution, that of 1-71 obtained from the slope of the expression (3) (Sugden, Joc. cit.) and 
finally, Sanger’s value of 1-86 for the vapour. 

Chloroform is another substance which in the liquid state obeys the relationship (3), 
as is evident from Miiller’s data (loc. cit.), and the moment has been calculated from Morgan 
and Lowry’s data as in the case of methyl chloride. The results are given below and 
plotted in the fig., and in the latter is included the value of P,, for chloroform in carbon 
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disulphide at 20° given by Miiller (oc. cit.) in order to show that three values of P, at a 
given temperature are needed to make certain that the new method of calculating the 
moment is permissible. 
Chloroform. 
In hexane. As liquid. 
ei 
T. ‘ €. «+2 P. €. 
253° P 1:965 0°2434 46°37 5°65 
273 1-938 02382 45°70 5-22 
293 P 1/910 0°2327 44°96 4°84 


p= 120; Pais, = 22°65 c.c.; Pg = 20°9 c.c. 








c 
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The value for the moment of chloroform given in this table may be compared with that of 
1-00 in hexane calculated by the usual method, and 0-95 for the vapour given by Sanger 
(Phystkal. Z., 1926, 27, 556). The higher value for the moment in the liquid state would 
be accounted for if the angle between the chlorine atoms is less in the liquid state than in 
the vapour. Substances like methyl chloride, in which P, depends solely on «, give a 
straight line which carries all values of P, as well as P for the vapour. Chloroform is a 
representative of those cases in which the dipole moment is different in the liquid and the 
vapour state, but in which the true moment of the liquid does not vary with the dielectric 
constant of the solvent, so that the values of P, still lie on a straight line. 


THE UNIVERSITY, LEEDS. (Received, April 4th, 1934.] 





148. The Manganohalides of Pyridine and Quinoline. 
By F. SHERWOOD TAYLOR. 


CoMPouUNDs of pyridinium halides with manganous halides are described by several 
authors. They include: (A) Compounds of type MnX,,2RHX, or (RH),MnX,, v7z., (I) 
MnCl,,2C;H;NHCI1 (Pincussohn, Z. anorg. Chem., 1897, 14, 388); (II) MnCl,,2C;H;N 
(sic; Reitzenstein, zbid., 1898, 18, 290); (III) MnBr,,2C;H;NHBr (Meyer and Best, zbid., 
1900, 22, 182). (B) Compounds of type MnX,,RHX, viz., (IV) MnCl,,C;H;NHCI (Pin- 
cussohn, loc. cit.). No compounds of manganous halides and quinolinium halides have 
been described hitherto. 

Reitzenstein described the compound (II) as light green and assigned to it the above 
formula mainly on the grounds that the more probable formula, MnCl,,2C;H;NHCI, 
which fitted his analyses equally well, had already been allocated by Pincussohn to his 
yellow compound (I). Meyer and Best described their compound (III) as crystallising in 
white needles; moreover, they criticised Reitzenstein’s formulation of his compound (II). 

It appeared desirable to settle the formula of the compound (II), and to investigate 
the anomaly presented by the three different colours assigned to salts of similar composition ; 
and it has now been shown (1) that the salt (II) is, in fact, (C;H;NH),MnCl,, and is light 
green; (2) that Pincussohn’s salt is an impure specimen of the salt (II), associated with a 
small amount of a pink compound MnCl,,C;H;NHCI1,H,O (V) (not previously described) ; 
(3) that Meyer and Best’s salt (III) is also light green. 

The green colour is apparently associated with the MnCl,” ion: a faint yellowish-green 
colour is developed when anhydrous manganous chloride is dissolved in concentrated 
hydrochloric acid, and is also perceptible when solutions of manganous chloride and lithium 
chloride are mixed and concentrated to a small bulk (Saunders, Amer. Chem. J., 1892, 
14, 127). No green double salts of manganous chloride and inorganic chlorides have been 
prepared, though several pink hydrated salts of the type R,’MnCl, have been made. 


EXPERIMENTAL. 


The compound (C;H,NH),MnCl, was prepared in four ways: 

(1) By the method of Reitzenstein, who warmed freshly precipitated manganese dioxide 
with a solution of pyridine in concentrated hydrochloric acid, filtered, and evaporated the 
solution on the water-bath. The dark brown filtrate deposited pink crystals on cooling—a fact 
not mentioned by Reitzenstein. The mother-liquor when concentrated gave light green crystals, 
which were washed with alcohol and ether and dried in the desiccator (Found : Mn,* 15°3; Cl, 
39°8%). 

(2) The above preparation was then carried out with manganous chloride in place of manganese 
dioxide, thus showing clearly that the manganese in Reitzenstein’s compound could not be other 
than bivalent. The hydrated chloride (62-5 g.) was dissolved in 750 c.c. of concentrated 
hydrochloric acid and 50 g. of pyridine were added. The liquid was evaporated to 100 c.c., 
and the mass of pink needles was separated, washed with alcohol, and dried in a vacuum; 
this salt proved to be (V) (see below). The green filtrate was evaporated to 30 c.c., and the 
green needle-shaped crystals which separated on cooling were filtered off, washed with alcohol, 
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and dried in a vacuum desiccator [Found: Mn, 15-4; Cl, 39-3. Calc. for (C;H,;,NH),MnC\, : 
Mn, 15-4; Cl, 39-7%]. 

(3) Pincussohn added “ pure manganous chloride to an aqueous solution of pyridinium 
chloride,’ but gave no details. If the manganous chloride is hydrated, or if the solution of 
pyridinium chloride is not very concentrated, the pink salt (V) is obtained. On dissolving, 
with the aid of heat, anhydrous manganous chloride (1 mol.) in an aqueous solution of pyridinium 
chloride (3 mols.) saturated in the cold, light green needles, identical with (II), crystallised out. 
If the solution contained a little more water, a pale yellow product was obtained; this, when 
allowed to crystallise slowly (needles, 2—4 mm. long), was seen to contain pink and green crystals. 
Solutions containing both the pink and the green salt are yellowish, and doubtless Pincussohn’s 
salt was contaminated with a little of the salt (V) : his analytical results are somewhat high in 
manganese and low in pyridine. 

(4) By mixing hot solutions of dry pyridinium chloride and anhydrous manganous chloride 
in anhydrous alcohol, pale green needles are obtained on cooling. If water is present, the pink 
salt (V) is formed. 

Pyridinium tetrachloromanganite forms light leaf-green needles which soften and melt 
at 152—155° (decomp.) and at higher temperatures lose pyridinium chloride; it is slightly 
deliquescent. Reitzenstein records that, when pressed between iilter papers, frequently renewed, 
it is converted into a pink salt, which on the basis of its manganese content (19-23%), he 
formulated as MnCl,,2C,H,N, but the author’s analyses of the pink residue thus obtained and 
not further dried indicated that it was the moist compound (V) [Found: Mn, 19-6; Cl, 38-1. 
Calc. for (C;H;NH)MnCl,,H,O: Mn, 21-2; Cl, 410%. Calc. for MnCl,,2C;H;N: Mn, 19-4; 
Cl, 25-0%]. Reitzenstein implies that chlorine is evolved in this process; but this is not so. 

The tetrachloromanganite is exceedingly soluble in water. Reitzenstein states that it 
forms a colourless solution. With a little water, however, it gives a green solution which remains 
unchanged ; more dilute solutions are very pale pink, probably as a result of the change of the 
MnCl,” ion into the [MnCI,H,O]’ ion. On evaporation of the more dilute solutions, the pink 
salt (V) crystallises out. 

The chemical properties of the tetrachloromanganite are those of a manganous compound. 
No chlorine is lost when it is heated, and alkalis give a white precipitate of manganous hydroxide. 
The halogen in all these halides is completely and instantly precipitated by silver nitrate. 

Pyridinium Tetrabromomanganite.—According to Meyer and Best (/oc. cit.) this salt is formed 
when an alcoholic solution of pyridinium bromide is mixed with a solution of freshly precipitated 
manganese dioxide in alcoholic hydrobromic acid. A repetition of this work showed that, from 
the deep yellow-brown solution, light yellow crystals are formed, which on being washed with 
alcohol and ether become paler, but not white. Recrystallisation from alcohol, twice repeated, 
gave a green product, slightly more yellowish than the tetrachloromanganite. 

Pyridinium tetrabromomanganite was also made by a process analogous to (3) above, 
a trihalogeno-salt not being obtained in this case, but only green crystals of the tetrabromo-salt 
(Found: Mn, 10-2; Br, 59-3. Calc. : Mn, 10-3; Br, 52-8%). Method (4) similarly gave the 
tetrabromomanganite. The salt resembles the tetrachloromanganite in most respects; it is 
slightly yellowish-green, it melts sharply without decomposition at 173°, and its solubility in 
alcohol is greater and in water less than that of the corresponding chlorine compound. 

Attempts to prepare the double iodide were unsuccessful. Solutions of pyridinium iodide 
and manganous iodide, both in hydriodic acid and in alcohol, deposit only the constituent 
salts. 

Compounds of the Type B.—Pincussohn (loc. cit.) evaporated to dryness an aqueous solution 
of equimolecular proportions of manganous chloride and pyridinium chloride, dried the residue, 
dissolved it in alcohol, and filtered. The crystals separating were dull pink and analysis showed 
them to be (C;H,;,NH)MnCl,. The existence of this salt was confirmed; but, contrary to 
Pincussohn’s statement, it does not crystallise unchanged from water, the crystals separating 
being pyridinium trichloromanganite monohydrate (V). This is readily obtained by crystallising 
equimolecular proportions of its components from water. It forms rose-pink needles, very soluble 
in water [Found ; Mn, 21-2; Cl, 40-83. (C,H,NH)MnCl,,H,O requires Mn, 21-2; Cl, 41-0%]. 
When heated, it effloresces and then loses pyridinium chloride, but does not melt. It is not 
deliquescent, but effloresces in the desiccator after some days. 

Quinolinium Manganohalides.—Quinolinium trichloromanganite was made by method (2) 
above; pink tufts of fine hair-like crystals of the dihydrate separated copiously [Found: Mn, 
17-0; Cl, 32-8. (C,H,NH)MnCl,,2H,O requires Mn, 16-8; Cl, 32-5%]. The mother-liquor, 
on evaporation to a very small bulk, became green, and on cooling, formed a viscous mass; 
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on dilution with alcohol, this afforded light green leaflets. These were extracted with hot alcohol, 
and the extract on cooling deposited small green crystals of quinolinium letrachloromanganite 
in poor yield [Found: Mn, 13-0; Cl, 31-2. (C,H,NH),MnCl, requires Mn, 12-0; Cl, 31-0%], 
slightly contaminated with the following compound. 

The white residue from the alcohol extraction, when further washed with alcohol and dried, 
yielded qguinolinium trichloromanganite monohydrate as a white powder faintly tinged pink 
[Found : Mn, 17-5; Cl, 34-4. (C,H,NH)MnCl,;,H,O requires Mn, 17-8; Cl, 34-4%]. 

Quinolinium tetrabromomanganite. This salt was obtained by cryStallising a mixture of 
quinolinium bromide and anhydrous manganous bromide from alcohol; it was pale yellowish- 
green and rapidly became white in moist air but retained its colour in the desiccator [Found : 
Mn, 8-9; Br, 50-1. (C,H,NH),MnBr, requires Mn, 8-7; Br, 50-4%]. By crystallising a solution 
of manganous and pyridinium bromides in hydrobromic acid (d 1-5), a yellowish-pink dihydrate 
was obtained [Found: Mn, 8-2; Br, 48-2. (C,H,NH),MnBr,,2H,O requires Mn, 8-2; Br, 
47-7%). 

East LONDON COLLEGE, UNIVERSITY OF LONDON. [Received, April 5th, 1934.] 





149. The Formation of Carbinols in the Condensation of Aldehydes with 
Hydrocarbons. 


By F. D. Cuatraway and R. J. K. Murr. 


THE condensation of chloral with hydrocarbons under the influence of concentrated sulphuric 
acid was first observed by Baeyer with benzene (Ber., 1872, 5, 1089; 1873, 6, 221; 1874, 7, 
1190) and was extended by his collaborators to toluene (Ber., 1874, 7, 1191), chloro- and 
bromo-benzene (ibid., p. 2), and naphthalene (7bid., p. 2), the products being 6@8-trichloro- 
aa-diarylethanes. Probably, aryltrichloromethylcarbinols are intermediate products, but 
their occurrence in the reactions has not hitherto been observed, although many have been 


synthesised by other methods. 


CCl,CHO CH(OH)-CC1 CH, ns 
* + H,SO, Cy J + H,SO, a CO 


If benzene, toluene, or ethylbenzene and chloral are shaken with concentrated sulphuric 
acid, the hydrocarbon being added in such a way that any temporary local excess is avoided, 
the aryltrichloromethylcarbinol, which is formed in considerable amount, is not further 
acted upon and, on steam-distillation, comes over in great part before the 688-trichloro- 
«a-diarylethane which is also formed; it is then purified by fractional distillation. The 
phenyl- and the tolyl-trichloromethylcarbinol obtained thus from benzene and toluene 
are identical with the carbinols obtained by Dinesmann (Compt. rend., 1905, 141, 201), 
using aluminium chloride as the condensing agent. The latter was shown by him to be the 
p-derivative, and by analogy the compound obtained from ethylbenzene must be p-e¢hyl- 
phenyltrichloromethylcarbinol. 

That the carbinols are actually formed in the Baeyer condensation as intermediate 
compounds is shown by the fact that they themselves, in the presence of concentrated 
sulphuric acid, condense readily with a further molecule of the original hydrocarbon and 
yield ®$86-trichloro-a««-diarylethanes identical with those obtained by using an excess 
of hydrocarbon. It seems reasonable to suppose that in these further condensations the 
position attacked by the -CH(OH)-CCl, group in the second aryl ring is the same as in the 
first. Thus the product obtained by the condensation of #-tolyltrichloromethylcarbinol 
with toluene is $$-trichloro-««-di-f-tolylethane. 

When an aryltrichloromethylcarbinol is condensed with a different hydrocarbon, a 
868-trichloro-««-diarylethane containing two different aryl groups is obtained; e.g., 
888-trichloro-a-phenyl-a-p-tolylethane may be prepared by the condensation either of phenyl- 
trichloromethylcarbinol with toluene or of #-tolyltrichloromethylcarbinol with benzene. 

Like other monohalogen-substituted benzenes, iodobenzene readily condenses with 

ZZ 





702 The Formation of Carbinols in the Condensation of Aldehydes, etc. 


chloral under the influence of concentrated sulphuric acid with the formation of 888-trichloro- 
aa-di-p-iodophenylethane. Corresponding carbinols have not, however, been isolated from 
the products of such condensations, although they are undoubtedly formed, the second 
stage of the reaction appearing to take place extremely readily and the carbinols not being 
easily separated by steam distillation. The aryltrichloromethylcarbinols themselves readily 
condense with the monohalogen-substituted hydrocarbons and yield the corresponding 
mixed ditanes. 5 

When warmed for some time with alcoholic potash, all the §88-trichloro-««-diaryl- 
ethanes lose hydrogen chloride and form 68-dichloro-«a-diarylethylenes. These are 
colourless, beautifully crystalline compounds which combine directly with chlorine and 
with bromine and yield the corresponding substituted benzophenones when oxidised by 
chromic acid. 

EXPERIMENTAL. 


78 G. of benzene (1 mol.) were added in 2-g. portions at 5-minute intervals to a vigorously 
shaken solution of 500 g. of chloral hydrate (3 mols.) in 350 c.c. of concentrated sulphuric acid. 
Shaking was continued for 2 hours and the dark green emulsion then formed was poured into 
ice-water, a dark viscid greenish-black liquid separating. This was washed with water and 
steam-distilled for 36 hours. Phenyltrichloromethylcarbinol, which separated from the 
distillate in pale yellow, oily drops, was extracted in chloroform, dried, fractionally distilled 
under diminished pressure, and obtained as a colourless, somewhat viscid liquid, b. p. 145°/15 
mm., which solidified on cooling and had m. p. 37° after crystallisation from ether (compare 
Dinesmann, /oc. cit.) (Found : C, 42-4; H, 3-0; Cl, 47-3. Calc. for C,gH,OCI,: C, 42-6; H, 3-1; 
Cl, 47-2%). The acetate, m. p. 87-5° (Found: Cl, 39-7. Calc.: Cl, 39-8%), and benzoate, 
m. p. 97-5° (Found : Cl, 32-1. Calc. : Cl, 32-3%), were prepared. 

The colourless solid remaining after the steam-distillation was crystallised from alcohol, 
and £$£-trichloro-a«-diphenylethane obtained as colourless leaflets, m. p. 64° (compare Baeyer, 
Ber., 1872, 5, 1098) (Found : Cl, 37-1. Calc. for C,4H,,Cl, : Cl, 37-3%). 

p-Tolylirichloromethylcarbinol (compare Dinesmann, /oc. cit.), prepared in exactly the same 
way, was obtained as a colourless viscid liquid, b. p. 155°/13-5 mm., which solidified; m. p. 63° 
(Found: C, 44-6; H, 3-7; Cl, 44-8. Calc. for C,H,OCI,: C, 44-5; H, 3-8; Cl, 445%); the 
acetate, m. p. 107-5° (Found: Cl, 38-2, Calc.: Cl, 37-8%), and benzoate, m. p. 100-5° (Found : 
Cl, 31-2. Calc. : Cl, 31-0%), were prepared. (§88-Trichloro-a«-di-p-tolylethane formed colourless 
shining plates, m. p. 89°, from alcohol (compare Fischer, Ber., 1874, 7, 1191) (Found: Cl, 34-1. 
Cale. : Cl, 34-0%). 

p-Ethylphenylirichloromethylcarbinol, prepared in the same way from ethylbenzene, distilled 
in steam as a colourless viscid liquid, b. p. 175°/25 mm. (Found : Cl, 42-2. C,9H,,OCI, requires 
Cl, 42-0%). 

Iodobenzene, when condensed with chloral, yielded ®88-trichloro-a«-di-p-iodophenylethane, 
colourless compact prisms, m. p. 172° (Found: Cl, 19-5; I, 47-1. C,,H,Cl,I, requires Cl, 19-8; 
I, 47-2%). 

668-7 richloro-a-phenyl-a-p-tolylethane.—7-5 G. of phenyltrichloromethylcarbinol were 
dissolved in 3 g. of toluene (1 mol. +- slight excess), and an equal volume of concentrated sulphuric 
acid added with vigorous shaking. The temperature rose to about 60° and a thick emulsion 
was formed, which was poured into ice-water, a thick, dark green liquid separating. This was 
washed with warm water until the washings were no longer acid and then dissolved in boiling 
alcohol. (88-Trichloro-a-phenyl-a-p-tolylethane, which separated after several days, crystallised 
from alcohol in colourless shining plates, m. p. 72-5° (Found: Cl, 35-4. C,;H,;Cl, requires Cl, 
35-6%). An identical compound was obtained from the condensation of benzene with -tolyl- 
trichloromethylcarbinol. 

The following mixed $$8-trichloro-««a-diarylethanes were prepared in a similar way and 
crystallised from alcohol: 88-Trichloro-a-phenyl-a-p-chlorophenylethane, compact colourless 
prisms, m. p. 74° (Found: Cl, 45-6. C,,H,Cl, requires Cl, 45-8%). §88-Trichlovo-a-phenyl- 
a-p-bromophenylethane, long, slender, colourless prisms, m. p. 96° (Found: Cl, 29-0; Br, 21-7. 
C,,H,.Cl,Br requires Cl, 29-2; Br, 21-9%). ®88-Trichloro-«-phenyl-a-p-iodophenylethane, long, 
slender, colourless prisms, m. p. 119-5° (Found : Cl, 25-6; I, 30-4. C,,H,Cl,I requires Cl, 25-9; 
I, 30-9%). 688-Trichloro-a-p-chlorophenyl-a-p-tolylethane, colourless prisms, m. p. 81° (Found : 
Cl, 42-2. C,;H,,Cl, requires Cl, 42-5%). 688-Trichloro-a-p-bromophenyl-a-p-tolylethane, compact 
colourless prisms, m. p. 102° (Found: Cl, 28-0; Br, 20-9. C,,;H,,Cl,Br requires Cl, 28-1; 
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Br, 21:1%). 8 §8-Tvrichloro-a-p-iodophenyl-a-p-tolylethane, long, slender, colourless prisms, 
m. p. 117° (Found: Cl, 24-6; I, 29-5. C,;H,,Cl,I requires Cl, 25-0; I, 29-8%). 

6B-Dichloro-a-phenyl-a-p-tolylethylene.—10 G. of 268-trichloro-«-phenyl-«-p-tolylethane were 
boiled under reflux for an hour with excess of a concentrated solution of alcoholic potash. 
On cooling, and addition of water, B8-dichloro-a-phenyl-a-p-tolylethylene separated as a colourless 
solid. It crystallised from alcohol in slender prisms, m. p. 87-5° (Found: Cl, 27-3. C, ;H,,Cl, 
requires Cl, 27-0%). 

The following mixed 8$-dichloro-««-diarylethylenes were prepared similarly and crystallised 
from alcohol: $§-Dichloro-«-phenyl-«-p-chlorophenylethylene, long colourless prisms, m. p. 93° 
(Found : Cl, 37-8. C,,H,Cl, requires Cl, 37-6%). ®-Dichloro-a-phenyl-a-p-bromophenylethylene, 
long colourless needles, m. p. 113° (Found: Cl, 21-2; Br, 24-1. C,,H,Cl,Br requires Cl, 21-6; 
Br, 24.4%). 8-Dichloro-a-phenyl-a-p-iodophenylethylene, long colourless prisms, m. p. 108° 
(Found : Cl, 19-0; I, 34-1. C,,H,Cl,I requires Cl, 18-9; I, 33-8%). (8-Dichloro-«-p-todophenyl- 
a-p-lolylethylene, short slender prisms, m. p. 90° (Found : Cl, 17-9; I, 32-3. C,,;H,,Cl,I requires 
Cl, 18-2; I, 32-6%). 

THE QUEEN’S COLLEGE LABORATORY, OXFORD. [Received, February 5th, 1934.] 





150. Further Instances of the Formation of Chlorobenzene from 
Phenylmagnesium Bromide and Chlorinated Substances. 


By Raymonp J. W. LE FéEvre and Peter J. MARKHAM. 


THE formation of chlorobenzene from N-chloro-compounds and phenylmagnesium bromide 
has been recorded (J., 1932, 1745), and the reactions of this Grignard compound with 
chlorine-containing substances of three other types are now described. 

(i) Addition of an ethereal solution of ethyl hypochlorite (Bloomfield and Farmer, 
J., 1932, 2062) to phenylmagnesium bromide under the standard conditions for a Grignard 
reaction led to the isolation of chlorobenzene in yields of about 60%, the only detectable 
by-product being ethyl alcohol : 


s— 8+ 
Ph-MgBr + EtOCl —> PhCl + EtO-MgBr —> EtOH 


The apparently complete exclusion of phenetole from the product is in accord with other 
reactions of alkyl hypochlorites (e.g., the formation from olefins of chloroalkoxy-addition 


compounds; Goldschmidt, Ber., 1925, 58, 572) which show that these esters enter a reaction 
b— 8+ 

either polarised, or predisposed to polarise, in the sense RO-Cl. The result obtained above 

is therefore strictly comparable with the familiar reaction between hydroxylic compounds 


and Grignard reagents : 
8— 3+ 
R-MgX + R’OH —> RH + MgX-OR’ 


(ii) The interaction between phenylmagnesium bromide and iodobenzene dichloride 
yields, according to Hepworth (J., 1921, 119, 1244), mainly iodobenzene and diphenyl; 
since chlorobenzene might have been overlooked, we have repeated his experimental 
directions on as large a scale as possible. Chlorobenzene, however, is not formed. Some 
chlorination of the ether occurs (giving difficultly separable mixtures of chloroethyl ethers)— 
an interesting observation, since iodobenzene dichloride and ether have been found not 
to react in the absence of the Grignard reagent. 

(iii) According to Hepworth and Clapham (J., 1921, 119, 1188; compare, however, 
Wedekind and Schenk, Ber., 1921, 54, 1604) the interactions of phenylmagnesium bromide 
with benzene- and #-toluene-sulphony] chlorides yield chiefly diphenyl- and phenyl-f-tolyl- 
sulphones respectively. Since, however, chlorobenzene has been isolated from the mixture 
formed when phenylmagnesium bromide acts on sulphuryl chloride (Oddo, Adtti R. Accad. 
Lincei, 1905, [v], 14, i, 169), some of these experiments have been repeated. We find 
that chlorobenzene is formed in both preparations, the yields (calculated on the bromo- 
benzene taken) being about 25%, for the reaction Ph-MgBr + Ph-°SO,Cl and slightly less 
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in the corresponding instance of -toluenesulphonyl chloride. In the first case a small 
quantity of benzenesulphinic acid was easily isolated along with the diphenylsulphone 
mentioned by the above authors; the simultaneous reactions predominantly occurring 
would therefore appear to be : 
a Ph,SO, + MgClBr 
Ph:MgBr + Ph-SO,Cl we ae 
PhC] + Ph:SO,MgBr ——-> Ph-SO,H 


Essentially similar results were obtained when ethylmagnesium bromide was used. 

Some sulphonyl halides (notably camphor-10-sulphonyl chloride and bromide) lose 
sulphur dioxide remarkably smoothly and form the corresponding halogeno-derivatives 
(e.g., ®-chloro- and @-bromo-camphors in the instance cited), but the isolation in our 
experiments of chlorobenzene in the cases where R is either #-tolyl or ethyl indicates the 
improbability that the results reported above had their origin in any such decomposition 
or involved the interaction of sulphur dioxide with the Grignard reagent in the manner 
required by the scheme : 

R’*MgBr, etc. 


R-SO,Cl—> RCI + SO, — 





> R’-SO,H 


EXPERIMENTAL. 


Interaction of Phenylmagnesium Bromide and Ethyl Hypochlorite.—An ice-cold solution of 
ethyl hypochlorite in anhydrous ether (150 c.c. of about 5% strength) was added slowly to 
phenylmagnesium bromide (from bromobenzene, 17 g., magnesium, 2-5 g., and ether, 200 c.c., 
i.e., a slight excess of the Grignard reagent), and the mixture kept at room temperature for 
9 hours. Water and ice were then added. Distillation of the dried (sodium sulphate) ethereal 
layer gave two main fractions, b. p. 70—80° and 120—135° (8 g.). The former contained ethyl 
alcohol (iodoform test) and benzene; the latter was evidently chlorobenzene (Found: C, 64-4; 
H, 4-6. Calc.: C, 64-0; H, 4-4%) and gave 1-chloro-2 : 4-dinitrobenzene, m. p. and mixed m. p. 
52°, on nitration. 

Interaction of Phenylmagnesium Bromide and Iodobenzene Dichloride.—To a Grignard solution 
prepared from magnesium (8-2 g.), bromobenzene (53-8 g.), and ether (200 c.c.), was added 
slowly iodobenzene dichloride (94 g.; ice-salt cooling). When the violent reaction had ceased, 
the mixture was refluxed for a short while and kept for 24 hours at the ordinary temperature. 
Addition of water then caused only a very slight reaction (i.e., hardly any excess of the Grignard 
reagent was present); the ethereal layer was therefore removed, shaken with dilute aqueous 
sodium hydroxide, dried (sodium sulphate), and evaporated. The residual liquid on distillation 
gave, in addition to iodobenzene (4-4 g.) and a residue (21 g.), a number of ill-defined fractions 
which were evidently mixtures (Found : Cl, 39-7—52-9%). 

Interaction of Phenylmagnesium Bromide and Benzenesulphonyl Chloride——The Grignard 
solution prepared from bromobenzene (70 g.), magnesium (10 g.), and ether (200 c.c.) was treated 
slowly with benzenesulphonyl chloride (25 g., in ether, 100 c.c.). After 12 hours, the solution 
was decomposed with dilute sulphuric acid and ice, the ethereal layer washed with aqueous 
sodium hydroxide and dried, and the mass remaining after distillation of the ethersteam-distilled ; 
the volatile oils were extracted from the distillate with light petroleum, dried, and fractionated, 
leaving a few g. of residue consisting of diphenyl, m. p. and mixed m. p. 69—70° after crystal- 
lisation from alcohol (charcoal). The first fraction, b. p. 125—133° (16 g.), was identified as 
chlorobenzene by analysis and dinitration; the second fraction, b. p. 134—160° (6 g.), appeared 
to be mainly unused bromobenzene. 

The alkaline washings on acidification with dilute sulphuric acid and ether extraction gave, 
after drying (sodium sulphate) and distillation, a mass of crystals, m. p. 80—81° (not depressed 
by admixture with benzenesulphinic acid, m. p. 83°), The residue in the flask after steam 
distillation crystallised from alcohol (charcoal) in white plates of diphenylsulphone, m. p. and 
mixed m, p. 126—128° (Found : C, 66-2; H, 4:7%). 

Interaction of Phenylmagnesium Bromide and p-Toluenesulphonyl Chloride.—This was 
performed exactly as above, bromobenzene (85 g.), magnesium (13 g.), ether (200 c.c.), and 
p-toluenesulphony] chloride (34 g., in ether, 150 c.c.) being used. The chlorobenzene fraction, 
b. p. 126—132°, weighed 12 g. and was formally identified as before. 

Interaction of Ethylmagnesium Bromide and p-Toluenesulphonyl Chloride-——The reaction 
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between magnesium (33 g.), ethyl bromide (148 g.), ether (300 c.c.), and p-toluenesulphonyl 
chloride (65 g., in ether, 250 c.c.) was carried out as described by Wedekind and Schenk: (/oc. cit.), 
except that the reflux condenser was joined to the top of a vertical helical condenser through 
which ice-cold brine was circulating. During the ebullition accompanying the vigorous reaction 
a condensate (about 30 g.) was collected in a cooled receiver. It smelt strongly of ethyl chloride, 
burned with a green-edged flame, and boiled below 18°. Its aqueous solution was neutral to 
litmus, although during combustion hydrogen chloride was produced. It thus appeared to be 
ethyl chloride, contaminated possibly with a trace of ether. 


UNIVERSITY COLLEGE (UNIVERSITY OF LONDON). [Received, February 6th, 1934.] 





151. Substitution in the 2-Methoxy-nitrodiphenyl Ethers. 
By SAMUEL BUCHAN and HAROLD A. SCARBOROUGH. 


THE directive influence of hydroxyl and methoxy] in binuclear systems has been examined 
in detail only in azobenzene and benzophenone (compare, inter alia, Hewitt, J., 1900, 77, 
99; Blakey, Jones, and Scarborough, J., 1927, 2865). In. these two systems the linking 
bond is, by comparison, feebly o- or #- and m-directive respectively, so it is not surprising 
that the highly activating hydroxy- and methoxy-groups controlled successive stages in 
the substitution process. 

On the other hand, only a small number of observations have been made with the 
hydroxy- and methoxy-derivatives of diphenyl and diphenyl ether, where the linking 
bond is highly o- or #-directive. In the case of the diphenyl compounds it is known that 
the hydroxy-group controls two successive stages, and the methoxy-group one stage, 
of nitration. For the diphenyl ethers the only result on record is that 4-methoxydiphenyl 
ether yielded 3-nitro-4-methoxydiphenyl ether as sole product (Lea and Robinson, J., 
1926, 411); from this result the conclusion was drawn that methoxyl was more highly 
activating than the phenoxy-group. 

On more than one occasion attention has been directed to the fact that halogenation of 
the diphenyl ethers is a smooth and regular process, whereas nitration occurs violently and 
step-wise substitution is rarely attained. Further it has been suggested that “in all 
probability bromination is a more facile process than nitration and can take advantage of 
a smaller degree of polarisation occurring more frequently than the activation of greater 
amplitude required to facilitate nitration.” Such a system as 4’-nitro-2-methoxydiphenyl 
ether might therefore be expected to show marked differences in the progress of halogenation 
and nitration. . 

The halogenation and nitration of 4’-nitro-2-methoxydiphenyl ether yielded single 
products, the substituent entering the 5-position to give 5-chloro- and 5-bromo-4'-nitro-2- 
methoxydiphenyl ethers (1) and 4’ : 5-dinitro-2-methoxydiphenyl ether. Further halogenation 
was readily effected, yielding 4: 5-dichloro- and 4: 5-dibromo-4'-nitro-2-methoxydiphenyl 
ethers. By passing chlorine into an acetic acid solution of the dichloro-ether, a trichlorin- 
ation product was obtained, the structure of which has, however, not been determined. The 
corresponding tribromination product could not be obtained. The introduction of further 
nitro-groups into the molecule of 4’ : 5-dinitro-2-methoxydiphenyl ether did not yield 
products substituted in the 4-position. Similarly the bromination of 4’ : 5-dinitro-2- 
methoxydiphenyl ether and the nitration of 5-chloro-4’-nitro-2-methoxydiphenyl ether 
did not yield products which reacted with piperidine and are thus probably not substituted 
in the 4-position. 

The substitution of 3’-nitro-2-methoxydiphenyl ethers was shown to follow on the same 
lines as in the 4’-nitro-compound ; it would thus appear that the position of the nitro-group 
has little effect. The behaviour of 4’-nitro-2-hydroxydiphenyl ether was investigated 
and the first substituent was found to enter the 5-position; the introduction of a second 
halogen atom yielded products substituted in the 4 : 5-positions, a somewhat unexpected 
result when the very high activating effect of the hydroxy-group is taken into account. 
The conversion of the nitro-group in 4’-nitro-2-methoxydipheny] ether into an acetamido- 
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group caused a difference in the sequence of nitration; under very mild conditions 3’-nitro- 
4’-acetamido-2-methoxydiphenyl ether was formed and then 3’ : 5-dinitro-4'-acetamido-2- 


methoxydiphenyl ether (11). 
NO, 


Br NO, 
(I.) No >—-0-~< > NHAcK >—0O—K > (II.) 
OMe 


OMe 


The constitutions of the various substitution products have been established by con- 
densing ~-chloronitrobenzene with the potassium salt of an appropriately substituted 
guaiacol; a second control has been obtained by reduction of the substituted nitro- 
compounds to the amine, acetylation, nitration, deamination, and a synthesis of the 
derivative of 3’-nitro-2-methoxydipheny]l ether thus formed. 


EXPERIMENTAL. 


4’-Nitro-2-methoxydiphenyl ether was obtained when #-chloronitrobenzene and the 
potassium salt of guaiacol were heated for 5 hours at 210°. The crude product, distilled in steam, 
taken into chloroform, washed, and dried, distilled at 235°/20 mm. It crystallised from alcohol 
in long, heavy, yellowish needles, m. p. 106°. 

4'-Nitro-2-hydroxydiphenyl ether, prepared by refluxing the methoxy-derivative with a 
mixture of hydrobromic acid (d 1-4) and acetic acid for 6 hours, separated from benzene in 
needles, m. p. 109° (Found : N, 6-05. C,,H,O,N requires N, 6-05%). 

4’-Amino-2-methoxydiphenyl ether, obtained by reduction of the nitro-compound with 
stannous chloride in ethereal hydrogen chloride, crystallised from dilute methyl alcohol in 
needles, m. p. 97° (Found: N, 6-5. (C,;H,,;0,N requires N, 6-5%). The acetyl derivative, 
formed on refluxing the base with a mixture of acetic anhydride and acid (1: 8) for 8 hours, 
separated from dilute acetic acid in needles, m. p. 118° (Found: N, 5-5. C,;H,;03;N requires 
N, 5-45%). 

3'-Nitro-4'-acetamido-2-methoxydiphenyl ether, prepared by the nitration of the acetyl 
derivative in acetic acid at 15° with the calculated quantity of nitric acid (d 1-5), crystallised 
from methyl alcohol in yellow needles, m. p. 124° (Found: N, 9-25. C,;H,,O;N, requires 
N, 9-25%). The base was formed on treatment with dilute sulphuric acid (1: 1) at water-bath 
temperature, and crystallised from light petroleum (b. p. 60—80°) or methyl alcohol in red 
plates, m. p. 98° (Found : N, 10-7. C,,;H,,0,N, requires N, 10-8%). 

3’-Nitro-2-methoxydiphenyl ether, obtained by deamination of the base, or by condensation 
of m-iodonitrobenzene with the potassium salt of guaiacol for 12 hours at 250° in presence of 
copper powder, separated from methyl alcohol in faintly yellow prisms, m. p. 86° (Found : 
N, 5:8. C,,;H,,O,N requires N, 5-7%). 

3’ : 5-Dinitro-4'-acetamido-2-methoxydiphenyl ether was obtained when an acetic acid solution 
of 2-methoxy- or 2-methoxy-3’-nitro-4’-acetamidodipheny] ether was treated with excess of 
nitric acid (d 1-5) at 80°; after 30 minutes the mixture was poured on ice and the product 
collected at once. It crystallised from alcohol in yellow needles, m. p. 181° (Found: N, 12-0. 
C,;H,,;0,N, requires N, 12-1%). The base, formed on deacetylation with dilute sulphuric 
acid, separated from alcohol in deep red needles, m. p. 163° (Found: N, 13-85. C,,;H,,0,N, 
requires N, 13-75%). 

3’ : 5-Dinitro-2-methoxydiphenyl ether, formed by condensation of m-iodonitrobenzene with 
the potassium salt of 5-nitroguaiacol at 220°, by the deamination of the base, and by keeping 
a solution of 3’-nitro-2-methoxydipheny]l ether in nitric acid (d 1-4) for 2 hours, separated from 
light petroleum (b. p. 60—80°) in needles, m. p. 123° (Found: N, 9-75. C,3H,O,N, requires 
N, 965%). 

4’ : 5-Dinitvo-2-methoxydiphenyl ether was obtained when (1) 4’-nitro-2-methoxydiphenyl 
ether was nitrated in acetic acid at 80° with a small excess af nitric acid (d 1-5), (2) the same 
compound was dissolved in nitric acid (d 1-4), and the solution kept for 3 hours at 15°, and 
(3) p-chloronitrobenzene was condensed with the potassium salt of 5-nitroguaiacol for 6 hours 
at 210°. It separated from alcohol in needles, m. p. 121° (Found : N, 9-65. C,3;H,O,N, requires 
N, 9-65%). 

4’ : 5-Dinitro-2-hydroxydiphenyl ether, prepared by demethylation of the methoxy- compound, 
separated from dilute alcohol in faintly yellow needles, m. p. 157° (Found : N, 10-15. C,,H,O,N, 
requires N, 10-15%). 
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4-Chlovo-4'-nitro-2-methoxydiphenyl ether, formed by condensation of -chloronitrobenzene 
with the potassium salt of 4-chloroguaiacol at 220° for 5 hours, crystallised from alcohol in 
needles, m. p. 104° (Found: Cl, 12-75. C,,;H,O,NClI requires Cl, 12-8%). 

4-Chloro-4'-nitro-2-hydroxydiphenyl ether, obtained by demethylation of the preceding 
compound, crystallised from light petroleum (b. p. 60—80°) in faintly yellow needles, m. p. 121° 
(Found: Cl, 13-6. C,,H,O,NCl requires Cl, 13-4%). 

5-Chloro-4'-nitro-2-methoxydiphenyl ether, prepared by the action of a small excess of chlorine 
on an acetic acid solution of 4’-nitro-2-methoxydiphenyl ether, or by the action of sulphury] 
chloride on the same compound at’room temperature, crystallised from alcohol in large prisms, 
m. p. 94° (Found: Cl, 12-7. C,;H,,0,NCI requires Cl, 12-8%). 

5-Chloro-4'-nitro-2-hydroxydiphenyl ether, prepared by the action at 0° of sulphuryl chloride 
on 4’-nitro-2-hydroxydipheny] ether, or by demethylation of the preceding compound, separated 
from light petroleum (b. p. 60—80°) in radial needles, m. p. 94° (Found : Cl, 13-35. C,,H,O,NCI 
requires Cl, 13-4%). 

5-Chloro-4'-amino-2-methoxydiphenyl ether, obtained by reduction of the nitro-compound, 
crystallised from dilute alcohol in needles, m. p. 90° (Found: Cl, 14-3. C,,;H,,0,NCI requires 
Cl, 14:2%). The acetyl derivative separated from dilute acetic acid in leaves, m. p. 192° (Found : 
Cl, 12-15. C,;H,,O,NCI requires Cl, 12-2%). 

5-Chloro-3'-nitro-4'-acetamido-2-methoxydiphenyl ethey was prepared by adding an excess of 
nitric acid (d 1-5) to an acetic acid solution of the preceding acetyl derivative at 90° and keeping 
the mixture for 30 minutes and then pouring it on ice. The product was collected at once; 
it separated from alcohol in yellow needles, m. p. 163° (Found: Cl, 10-45. C,;H,,0,;N,Cl 
requires Cl, 10-55%). The base crystallised from alcohol in red prisms, m. p. 105° (Found : 
Cl, 12-05. C,,H,,0,N,Cl requires Cl, 12-05%). 

5-Chloro-3'-nitro-2-methoxydiphenyl ether, obtained by deamination of the base, or by the 
action of sulphury] chloride on 3’-nitro-2-methoxydipheny] ether at 0°, crystallised from alcohol 
or light petroleum in needles, m. p. 85° (Found : Cl, 12-8. C,3H,O,NClI requires Cl, 12-7%). 

4 : 5-Dichloro-4'-nitro-2-methoxydiphenyl Ether—2-Methoxy-, 4-chloro-2-methoxy-, or 
5-chloro-2-methoxy-4’-nitrodiphenyl ether was treated in acetic acid with a small excess of 
chlorine at room temperature. The same product was formed by the action of excess of sulphuryl 
chloride on the three ethers; or by condensation of p-chloronitrobenzene and the potassium 
salt of 4: §-dichloroguaiacol. It separated from alcohol or acetic acid in needles, m. p. 147° 
(Found : Cl, 22-55. C,;H,O,NCl, requires Cl, 22-6%). 

4 : 5-Dichloro-4'-nitro-2-hydroxydiphenyl ether, prepared by the demethylation of the methoxy- 
compound, or by addition of the calculated quantity of chlorine to an acetic acid solution of 
2-hydroxy- or 5-chloro-2-hydroxy-4’-nitrodiphenyl ether, crystallised from alcohol or light 
petroleum (b. p. 60—80°) in needles, m. p. 132° (Found: Cl, 23-55. C,,H,O,NCl, requires 
Cl, 23-65%). 

4 : 5-Dichloro-4'-amino-2-methoxydiphenyl ether, obtained by reduction of the nitro-compound, 
separated from light petroleum in needles, m. p. 122° (Found : Cl, 24-8. C,,;H,,O,NCI, requires 
Cl, 25-0%). The acetyl derivative crystallised from dilute acetic acid in needles, m. p. 189° 
(Found : Cl, 21-9. C,,;H,,0,NCl, requires Cl, 21-8%). 

4 : 5-Dichloro-3'-nitro-4'-acetamido-2-methoxydiphenyl ether, obtained by addition of excess 
of nitric acid (d 1-5) to the acetyl compound in acetic acid at 80°, crystallised from alcohol 
in yellow needles, m. p. 164° (Found: Cl, 19-1. C,;H,,0;N,Cl, requires Cl, 19-2%). The 
base separated from alcohol in red prisms, m. p. 174° (Found : Cl, 21-5. C,3H9O,N,Cl, requires 
Cl, 21-6%). 

4 : 5-Dichloro-3'-nitro-2-methoxydiphenyl ether, obtained by deamination of the base, or 
by chlorination of 3’-nitro- and 5-chloro-3’-nitro-2-methoxydiphenyl ethers in acetic acid, 
crystallised from light petroleum in needles, m. p. 123° (Found : Cl, 22-5. C,3;H,sO,NCI, requires 
Cl, 22-6%). 

4-Bromo-4'-nitro-2-methoxydiphenyl ether, formed by condensation of p-chloronitrobenzene 
with the potassium salt of 4-bromoguaiacol for 6 hours at 220°, separated from alcohol or light 
petroleum in needles, m. p. 107° (Found : Br, 24-6. C,3H,O,NBr requires Br, 24-7%). 

5-Bromo-4'-nitro-2-methoxydiphenyl Ether.—p-Chloronitrobenzene was condensed with the 
potassium salt of 5-bromoguaiacol at 210°; or the calculated quantity of bromine was added 
to 4’-nitro-2-methoxydipheny] ether in acetic acid, the mixture being kept for 24 hours. The 
ether separated from dilute acetic acid in prisms, m. p. 96° (Found: Br, 24-8. C,3H,O,NBr 
requires Br, 24-7%). 
5-Bromo-4'-nitro-2-hydroxydiphenyl ether, prepared by demethylation of the methoxy- 
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derivative or by addition of bromine (1 mol.) to 4’-nitro-2-hydroxydiphenyl ether in acetic 
acid, crystallised from light petroleum in faintly yellow needles, m. p. 89° (Found: Br, 25-55. 
C,,H,O,NBr requires Br, 25-7%). 

5-Bromo-4'-amino-2-methoxydiphenyl ether, prepared by reduction of the nitro-compound, 
separated from light petroleum in needles, m. p. 105° (Found: Br, 27-3. C 3H ,,0O,NBr requires 
Br, 27-2%). The acetyl derivative crystallised from alcohol in plates, m. p. 195° (Found : 
Br, 23-7. C,;H,,O,NBr requires Br, 23-7%). 

5-Bromo-3'-nitro-4'-acetamido-2-methoxydiphenyl ether was prepared by nitration of the 
acetyl derivative in acetic acid at 90°. It crystallised from alcohol in yellow needles, m. p. 142° 
(Found : Br, 21-0. C,;H,,0,;N,Br requires Br, 21-0%). The base separated from light petroleum 
in red prisms, m, p. 112° (Found: Br, 23-6. C,,;H,,0O,N,Br requires Br, 23-6%). 

5-Bromo-3'-nitro-2-methoxydiphenyl ether, obtained by deamination of the base, or by bromin- 
ation of 3’-nitro-2-methoxydiphenyl ether in acetic acid, crystallised from light petroleum 
or alcohol in radial needles, m. p. 93° (Found : Br, 24-5. C,;H,0,NBr requires Br, 24-65%). 

4 : 5-Dibromo-4'-nitro-2-methoxydiphenyl Ether.—p-Chloronitrobenzene was condensed with 
the potassium salt of 4 : 5-dibromoguaiacol for 6 hours at 210°; or an excess of bromine was 
added to 2-methoxy-, 4-bromo-2-methoxy-, and 5-bromo-2-methoxy-4’-nitrodiphenyl ethers 
in acetic acid, and the solutions kept at 80° for 5 hours. The ether separated from dilute acetic 
acid in needles, m. p. 156° (Found : Br, 39-6. C,;H,O,NBr, requires Br, 39-7%). 

4 : 5-Dibromo-4'-nitro-2-hydroxydiphenyl ether, prepared by demethylation of the methoxy- 
derivative or bromination of 2-hydroxy- and 5-bromo-2-hydroxy-4’-nitrodiphenyl ethers in 
acetic acid, crystallised from light petroleum in needles, m. p. 153° (Found: Br, 41:1. 
C,,H,O,NBr, requires Br, 41-1%). 

4 : 5-Dibromo-4'-amino-2-methoxydiphenyl ether, obtained by reduction of the nitro-compound, 
separated from methyl alcohol or light petroleum in radial needles, m. p. 106° (Found : Br, 42-8. 
C,;H,,O,NBr, requires Br, 429%). The acetyl derivative crystallised from dilute acetic acid 
in radial needles, m. p. 190° (Found : Br, 38-6. C,;H,,;0,NBr, requires Br, 38-6%). 

4 : 5-Dibromo-3'-nitro-4'-acetamido-2-methoxydiphenyl ether, obtained by nitration of the 
acetyl derivative in acetic acid at 90°, separated from alcohol in yellow needles, m. p. 165° 
(Found: Br, 34-7. C,;H,,O,;N,Br, requires Br, 34-8%). The base crystallised from alcohol 
in bronze needles, m. p. 179° (Found : Br, 38-15. C,3;H,O,N,Br, requires Br, 38-3%). 

4 : 5-Dibromo-3'-nitro-2-methoxydiphenyl ether, prepared by (1) deamination of the base, 
(2) bromination of 2-methoxy- or 5-bromo-2-methoxy-3’-nitrodiphenyl ether in acetic acid at 
90° for 5 hours, crystallised from alcohol or light petroleum in needles, m. p. 131° (Found : 
Br, 39-5. C,;H,O,NBr, requires Br, 39-7%). 
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152. Aminobenzthiazoles. Part XIII. The Nature of the Bromo- 
addition Compounds of the 5-Bromo-1-alkylaminobenzthiazoles obtained 
from s-p-Bromophenylalkylthioureas and Bromine. 


By M. AttazaM, R. F. HUNTER, and Noor AHMAD KHAN. 


THE bromo-addition compounds of 5-bromo-l-alkylaminobenzthiazoles obtained by 
bromination of s-p-bromophenylalkylthioureas and assumed to be nitrogen bromides of 
the type —NBr, (Hunter and Soyka, J., 1926, 2958) were later shown to be hydroper- 
bromides (Dyson, Hunter, and Soyka, J., 1929, 458; Hunter, J., 1930, 125; Hunter and 
Jones, ibid., p. 2190). The alleged dibromides of the 5-bromo-l-alkylaminobenzthiazoles 
are actually hydrodibromides, analogous to the hydrodibromide of 1-aminobenzthiazole 
for which a formula containing a [Br,]° anion, involving a singlet link, was suggested 
(Hunter, Joc. cit.). 1-Aminobenzthiazole hydrodibromide, examined in Professor 
Bhatnagar’s laboratory at Lahore, failed, however, to exhibit the paramagnetism to 
be anticipated on the basis of an odd-electron structure. The hydrodibromides of the 


a es, 
l-aminobenzthiazoles are therefore probably complexes of the type [Base, H],Br°Br,°Br. 
Two forms of a dibromide of the 5-bromobenzthiazole obtained from s-p-bromopheny]l- 
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ethylthiourea were described in 1926, to which formule of the type ‘NBr,:C‘NHEt and 


‘N[H]Br,°C:NEt were assigned. Since the dibromides are now known to be bromine 
complexes of amidine salts, and the anions of triad systems of this type are electromeric 
(Burtles and Pyman, J., 1923, 123, 362), the original explanation of the phenomenon and 
the related deductions in connexion with the addition of bromine to nascent tautomeric 
systems are invalid. A reinvestigation of the bromination of the ethylthiourea under a 
variety of conditions has shown that there are several hydroperbromides of the 5-bromo- 
1-ethylamino-derivative. The product usually isolated without precautions is the original 
and more difficultly fusible hydrodibromide, which is also obtained by bromination of the 
hydrobromide of the base. When the bromination mixture is suddenly cooled, however, 
a labile hydrotribromide separates, which decomposes into bromine and the hydrodibromide 
on being heated just below its melting point in a vacuum, or when kept in an evacuated 
desiccator over potassium hydroxide. On the other hand, if the warm solution is con- 
centrated under reduced pressure, a more stable hydrotribromide is obtained whose pro- 
perties correspond closely to those of the alleged second dibromide described in 1926, 
which differs from the labile hydrotribromide in that it does not yield the hydrodibromide 
on pyrolysis. In the presence of a large excess of the halogen, an unstable hydropenta- 
bromide of 5-bromo-1l-ethylaminobenzthiazole is also isolable. 


Aminobenzthiazoles. 





EXPERIMENTAL. 


5-Bromo-1-ethylaminobenzthiazole Hydrodibromide.—(i) 0-5 G. of s-p-bromophenylethyl- 
thiourea (m. p. 135°) in chloroform (4 c.c.) was treated with bromine (0-6 c.c. in 1 c.c. of chloro- 
form), and the mixture heated under reflux on a water-bath for 10 minutes. The solution was 
kept in a desiccator over-night; the hydrodibromide, which crystallised in small yellow prisms, 
was crushed on porous earthenware and dried in a vacuum over potassium hydroxide, paraffin 
wax, and anhydrous calcium chloride; m. p. 240—245° (decomp., sintering at 200—220°) 
[Found: Br (total), 57-4; Br (labile), 19-0. C,H,N,BrS,HBr(Br) requires Br (total), 57-3; 
Br (iabile), 19-1%].* This is the most stable bromo-addition compound of the series, although 
it shows appreciable decomposition on being kept over potassium hydroxide in a desiccator 
for some days. This is attributable to hydrolysis by traces of moisture, since no decomposition 
occurred when the desiccator contained fresh phosphoric oxide in addition to potassium 
hydroxide. (ii) Excess of dry hydrogen bromide was passed through a solution of 5-bromo-1- 
ethylaminobenzthiazole (m. p. 159°) (1 g.) in chloroform (10 c.c.), which was thereafter treated 
with bromine and concentrated in a vacuum [Found : Br (total), 57-4; Br (labile), 19-0%]. 

Labile 5-Bromo-1-ethylaminobenzthiazole Hydrotribromide.—The ethylthiourea (1 g.) in chloro- 
form (8 c.c.) was treated with bromine (1 c.c. in 2 c.c. of the same solvent), the mixture heated 
for 10 minutes and then suddenly cooled in ice; the hydrotribromide crystallised in small orange- 
yellow prisms, m. p. 105° (sintering at 100°) [Found: Br (total), 63-7; Br (labile), 32-0. 
C,H,N,BrS,HBr(Br,) requires Br (total), 64-3; Br (labile), 32-1%]. When kept over potassium 
hydroxide in a desiccator for 50 hours, it lost bromine, yielding the hydrodibromide, m. p. 
243° [Found: Br (labile), 19-0%]. Thermal dissociation. Freshly prepared hydrotribromide, 
whose purity was checked by m. p. and analysis, was placed in a dry flask in series with a closed 
mercury manometer and an oil pump, and heated in an oil-bath at 90°. The apparatus was then 
exhausted to 15 mm.; bromine was rapidly evolved during 2 minutes. The product consisted 
of a fine crystalline specimen of the hydrodibromide, m. p. 250° [Found : Br (labile), 18-9%]. 

Stable 5-Bromo-1-ethylaminobenzthiazole Hydrotribromide—The experiment was carried 
aut as in the case of the labile isomeride with the exception that the warm bromination mixture 
was concentrated in a vacuum instead of being cooled; the hydrotribromide crystallised in 
large orange-red rhombic crystals, m. p. 140° (decomp.) [Found : Br (total), 64-1; Br (labile), 
322%]. 

5-Bromo-1-ethylaminobenzthiazole hydropentabromide, isolated in an experiment similar to 
the preceding in which a larger quantity of bromine was used (1-3 c.c.) and heating was con- 
tinued for 12 minutes, formed small, unstable, deep red crystals, m. p. 65° [Found : Br (total), 
72-3; Br (labile), 48-2. C,H,N,BrS,HBr(Br,) requires Br (total), 72-9; Br (labile), 48-6%]. 

* Labile bromine was estimated by iodometric titration of the bromides in chloroform with N/20- 
sodium thiosulphate. The curious results obtained earlier (/oc. cit.) were due to the use of acetic acid 
as solvent, which itself liberates iodine from aqueous potassium iodide in amounts varying with the 
speed of determination and the intensity of the light in the laboratory. 
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Bromination of 5-Bromo-1-ethylaminobenzthiazole-—Owing to the closeness of the m. p. of 
the product of bromination of 5-bromo-l-ethylaminobenzthiazole with that of the hydrodi- 
bromide, it was originally supposed by Hunter and Soyka (loc. cit.) that the thiazole base gave 
rise to this “‘ dibromide,” since no analysis was made of the product. Actually the orange 
bromo-addition compound, m. p.*190° (decomp.), obtained by treatment of a solution of 5- 
bromo-l-ethylaminobenzthiazole in chloroform (0-5 g. in 7 c.c.) with bromine (0-6 c.c.) at 0° 
consisted of a hydrotribromide of 3(?) : 5-dibromo-l-ethylaminobenzthiazole, contaminated 
by a small amount of a bromo-addition compound of the 5-bromo-1l-ethylamino-base [Found : 
Br (total), 69-9; Br (labile), 30-0. C,H,N,Br,S,HBr(Br,) requires Br (total), 69-6; Br (labile), 
27-9%]. On reduction with sulphurous acid and sulphur dioxide, basification with ammonia, 
and recrystallisation from methyl alcohol it yielded the dibromoethylaminobenzthiazole, m. p. 
156—157° (Found: Br, 47-1. C,H,N,Br,S requires Br, 47-6%). 

5-Bromo-1-n-propylaminobenzthiazole Hydrodibromide.—(i) The specimen prepared from 
s-p-bromophenyl-n-propylthiourea as in the case of the ethyl derivative had m. p. 146—147° 
[Found: Br (total), 56-0; Br (labile), 17-7. C,9H,,N,BrS,HBr(Br) requires Br (total), 55-6; 
Br (labile), 18-4%], and its composition was not appreciably altered by recrystallisation from 
dry chloroform under reduced pressure at laboratory temperature [Found: Br (total), 55-8; 
Br (labile), 17-6%]. (ii) 5-Bromo-1-n-propylaminobenzthiazole hydrobromide, m. p. 224°, was 
prepared by treating a solution of the base in absolute alcohol (1 g. in 15 c.c.) with hydrobromic 
acid (66%, 3 c.c.), the solution being concentrated in a vacuum after being boiled for 1 minute 
(Found: Br’, 22-5.. C,H,,N,BrS,HBr requires Br’, 223%). A suspension of this salt in 
warm chloroform (1-2 g. in 8 c.c.) was treated with bromine (1 c.c. of a 10% solution in the 
same solvent) and the clear solution was boiled for a minute and concentrated under reduced 
pressure at laboratory temperature; the hydrodibromide then crystallised, m. p. 146° [Found : 
Br (total), 55-8; Br (labile), 17-5%]. 

5-Bromo-1-n-butylaminobenzthiazole Hydrodibromide.—(i) The specimen obtained from 
s-p-bromopheny]-n-butylthiourea crystallised in yellow needles, m. p. 150° [Found : Br (total), 
54-1; Br (labile), 16-9. C,,H,,N,BrS,HBr(Br) requires Br (total), 53-8; Br (labile), 17-9%], 
whose composition was unaltered by recrystallisation from cold dry chloroform [Found : Br 
(total), 54-1; Br (labile), 16-9%]. (ii) 5-Bromo-1-n-butylaminobenzthiazole hydrobromide 
crystallised in small needles, m. p. 194° (Found: Br’, 21-6. C,,H,,;N,BrS,HBr requires Br’, 
21-9%). The hydrodibromide obtained from the bromination of this salt had m. p. 150° 
[Found: Br (total), 54-1; Br (labile), 17-0%]. 

5-Bromo-1-isobutylaminobenzthiazole Hydrodibromide.—s-p-Bromophenylisobutylthiourea 
(1 g.) in chloroform (8 c.c.) was treated with bromine (1 c.c. in 1 c.c. of chloroform) and the 
solution was heated for 10 minutes and concentrated under reduced pressure. The crystals 
which first separated probably consisted of a labile form, since they redissolved on being 
stirred in the mother-liquor (compare Dyson, Hunter, Jones, and Styles, J. Indian Chem. Soc., 
1931, 8, 165), giving a solution which on further concentration yielded an orange hydrotribromide 
of 5-bromo-1l-isobutylaminobenzthiazole, m. p. 80° [Found: Br (total), 59-5; Br (labile), 
28-3. C,,H,,N,BrS,HBr(Br,) requires Br (total), 60-1; Br (labile), 30-05%]. This compound 
was also obtained in an experiment in which the bromination mixture was allowed to crystallise 
in a basin without any precautions [Found : Br (labile), 28-2%]. When kept over potassium 
hydroxide for 2 days, it lost bromine, yielding the stable ‘“‘ dibromide ” of Hunter and Soyka, 
m. p. 126—127° [Found : Br (total), 53-2; Br (labile), 17-2%]. The 5-bromo-1-isobutylamino- 
base obtained by reduction of this was finally obtained from methyl alcohol in small crystals, 
m. p. 147° (previously recorded as 137°). 

5-Bromo-1-isoamylaminobenzthiazole hydrodibromide, obtained as in the case of the 
isobutyl derivative from the decomposition of an unstable hydroperbromide (m. p. 66—67°) 
which was not investigated, had m. p. 111—112° [Found: Br (total), 51-8; Br (labile), 16-2. 
C,,.H,;N,BrS,HBr(Br) requires Br (total), 52-2; Br (labile), 17-4%]. 

5-Bromo-1-isoamylaminobenzthiazole-——The product previously obtained by decomposition 
of the impure hydrodibromide was contaminated with resinous matter and obviously impure 
(loc. cit.). By careful and complete reduction of the hydrodibromide with sulphurous acid, 
and recrystallisation from methyl alcohol, the isoamylamino-base was obtained in small needles, 
m. p. 131—132° (Found: Br, 27-0. Calc.: Br, 26-7%). 
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153. Optically Inactive Bornyl Fumarates. 
By ALEx. McKenzie and Epwarp B. ABBOT. 


THE present research was rendered possible by the fact that (+)borneol, (—)borneol, and 
dl-borneol are readily accessible, and it was initiated to solve the following problem. 
Would the optically inactive ester resulting from mixing equal amounts of (—) and 
(+-)bornyl fumarates be identical -with, or would it differ from, the optically inactive ester 
which might be expected to be produced by esterifying either (+-)bornyl hydrogen fumarate 
with (—)borneol, or (—)bornyl hydrogen fumarate with (-+-)borneol ? 

Experiment showed that two different optically inactive dibornyl fumarates were 
produced. 

A mixture of equal amounts of (—)bornyl fumarate and (-+)bornyl fumarate was 
dissolved in acetone. The resulting ester (A), which crystallised from alcohol in plates, 
m. p. 116—117°, was not a dl-conglomerate, as was shown by the application of Roozeboom’s 
criterion. The fact that its m. p. is about 10° higher than that of the (—) or (+) esters 
is an argument that we are dealing here with a racemic compound : 


= (+) (r-) 
H-C-CO-0-C 19H, C49H,7°O-OC-C-H > H-C-CO-0-C, 9H, 
CipH,7°0-0C-C-H + H-C-CO-O-C,9H,, — CypH,*O-OC-C-H (A.) 
a (+) (r-) 


The isomeric diborny] ester (B) was prepared in three ways as outlined thus : 
Se 
C,)9H,7°0°OC-C-H (+) 
eT eCO-OH 224 CipHi7°OH —— 


(+) (+) 
CypHy7°0-0C-C-H 


CioH,,*0-0C-C-H 


(—) 
J 


— 
C49H,7°0-0C-C-H 
H-C-COC1 
(1) (—)Bornyl hydrogen fumarate was heated for 24 hours with an excess of (+-)borneol 
at 150—160°. A certain amount of hydrolysis had, however, obviously taken place, thus : 


(+) 
and C,)H,,"OH 


(-) —) 
CygH,,°0-0C-C-H oes CypH,,°0-0C-C-H — 
H-C-co-oH + C10li7'O ' HCCO-OCyH,; 
(+) 


(—) 
CipH,7°0-OC-C-H - HO-OC-C-H os 
H--co-0H + 12° — Heco-oH + “10s: 


Whilst the main product was (B), the reaction became somewhat complicated owing to 
the formation of (—)borneol as depicted above. In one experiment, the recovered borneol 
gave [a] + 20-8° in toluene as compared with the initial value [«]» + 37-7° in the same 
solvent; this proves that some (—)borneol had been liberated from the (—) acid ester. 
Moreover, the crude normal ester after one crystallisation from alcohol gave a dextro- 


rotatory product with [«]) + 3-6° in chloroform as compared with [«]p + 59-2° for the 
(+) 
Cy9H,7°0-0C-C-H 
H-C-CO:0°C,,Hy, 
(+ 


under the experimental conditions adopted the crude normal ester consisted mainly of 
(B) together with small amounts of (A) and (+)bornyl fumarate. The separation from 
this mixture of (B), which crystallises in plates, m. p. 131°, is easy, and the yield is 32% 
of the theoretical. 

(2) The interaction of (+-)bornyl hydrogen fumarate and (—)borneol was conducted 


optically pure (+-)bornyl fumarate, It seems likely that 
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at a lower temperature than in the preceding case, and the proportion of the reactants was 
different. A better yield (50%) of (B) was obtained than before. 

(3) (—)Bornyl hydrogen fumarate was converted into its chloride, which gave (B) with 
(+-)borneol in the presence of pyridine. The yield was 80% of the theoretical. 

We suggest for (B) the nomenclature (—)bornyl (+-)bornyl fumarate. In a sense this 
interesting ester is internally compensated, but, of course, it differs from the usual type 
with which this designation is associated. We are not aware of any other example of a 
compound of this kind. 

t-Bornyl hydrogen fumarate (C) was prepared from a mixture of equal amounts of 
(—)bornyl hydrogen fumarate and (+-)bornyl hydrogen fumarate : 


- + r-) 
CygHy0-0C-C-H a Cygll,-0-0C-C-H oii CygH,-0-0C-C-H (C.) 
H-C-CO-OH H-C-CO-OH H:-C-CO-OH 
It is dimorphous, the one form, m. p. 118—119°, being readily convertible into the more 
stable form, m. p. 125—126°. 
The esterification of fumaric acid with dl-borneol was also investigated. This reaction 
gave (C) together with a mixture of (A) and (B), from which the latter was readily separated. 


HO-0C-C-H 


Col O-OCCH Louw OH H.C.CO-0H (Cut © A .0.0¢: C-H 


HCOOH H-C-CO-OH 


ow 
x) a 
\ 


(—) Cy)H,,,OH 


tm 
. 
= 
3) 
+ 
é 








Y 
(+) (—) 
CygH,,-0-0C-C-H CigH7°0-0C-C-H 
H-C-CO-O-C, 9H, HC-CO-OC gHiz 
(+) a 


(B) was saponified with half the calculated amount of aqueous-alcoholic sodium 
hydroxide, and r-bornyl hydrogen fumarate was isolated : 


(+) 
CygH,0-0C-C-H 
HC-CO-OC Hy (B) 


a 


(+) 
CygH,70-OC-C-H ang HO-OC-G-H 
H-C-CO-OH H-C-CO-0-C,9H,, 
~) 


(in equal ee. 
s 


CycH,70-0C: C. ‘H (c.) 
H-C-CO-OH 


This work is being extended to other dicarboxylic acids, more particularly with 
reference to compounds of the type represented by (—)bornyl (+-)bornyl fumarate. 


EXPERIMENTAL. 


The (—)borneol used was obtained from Schimmel and Co., who prepared it from Biumea 
balsamifera. It was optically pure, and gave in toluene [a]jj, — 38-1° for c = 8-0005 (McKenzie 
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and Mitchell, Biochem. Z., 1929, 208, 471). This value agrees with the following in toluene : 
[a]p — 37-87° (Haller, Compt. rend., 1891, 112, 143); [a]) — 37-61° (Pickard and Littlebury, 
J., 1907, 91, 1974); [a]}** — 37-50°, [a]? — 37-65° (Ross and Somerville, J., 1926, 2770). 

The dextrorotatory product resulting from the reduction of (-++-)camphor is far from being 
homogeneous, consisting as it does of mixed crystals of (-+-)borneol and (—)isoborneol inseparable 
by crystallisation. One of us was indebted in 1906 to Dr. R. H. Pickard for the suggestion 
which made the separation of (-+)borneol from this mixture possible, but unfortunately several 
investigators both before and after that date have used the mixed crystals on the erroneous 
assumption that they were dealing with optically pure (+-)borneol. 

Part of the (+)borneol used in the present research was prepared by Dr. J. D. M. Ross 
(cf. McKenzie and Mitchell, Joc. cit.), but the bulk was obtained as follows (cf. McKenzie and 
Wren, J., 1907, 91, 1215; Pickard and Littlebury, Joc. cit.). Zinc chloride (63 g.) was added to 
a solution of the mixed crystals (125 g.) in warm benzene (130 c.c.), and the mixture boiled for 
3 hours. The solution was divided into three portions, each of which was washed twice with 
half its volume of very dilute hydrochloric acid, benzene being added in sufficient quantity to 
prevent the solid borneol from separating. The combined benzene solutions were dried with 
sodium sulphate, and the benzene removed. When the residual solid was crystallised from light 
petroleum (b. p. 40—60°), glistening hexagonal leaflets (43 g.) separated. In toluene for c = 
8-0356: [a]}° + 37-7°, [a], + 444°. Pickard and Littlebury quote for the same solvent 
[a]p + 37-7°; McKenzie and Mitchell [«]j}° + 37-5°; Ross and Somerville [a]jf° + 37-1°. For 
comparison with the value for 15461, the rotatory power of Schimmel’s (—)borneol was 
determined in toluene; [a]? — 44-4° (c = 8-0365). 

Sometimes, however, the value for the rotatory power of the (-+)borneol prepared in the 
above manner falls slightly short of that demanded for optical purity, and in such cases the 
product can be purified by means of the hydrogen phthalic ester and its (—)menthylamine salt. 

dl-Borneol.—A mixture of (—)borneol (20-284 g.) and (+)borneol (20-284 g.) was dissolved 
in dry chloroform (150 c.c.). The solution examined in a 2 dcm. tube was optically inactive, a 
criterion of the optical purity of the borneols used. The chloroform was expelled, and the 
residue crystallised from light petroleum (b. p. 40—60°). 

dl-Borneol separates in hexagonal plates and resembles the optical antimerides in appearance. 
It melts at the same temperature as (—) or (+)borneol, viz., about 206—207°. From a study 
of melting-point curves, Ross and Somerville (loc. cit.) prove that it is not a d/-conglomerate, 
but the type of curve depicted by those authors does not in their view give a definite answer 
as to whether a racemic compound or not is formed when the antimerides are mixed at the 
temperature of the melting point. The melting-point curve depicted by Ross and Somerville 
is practically a straight line, and from this the inference might be drawn that d/-borneol consists 
of mixed crystals, and, if any racemic compound is present, it will be largely dissociated. 

Optically Active Bornyl Fumarates.—(—)Bornyl fumarate, (+)bornyl fumarate, (—)bornyl 
hydrogen fumarate, and (-+-)bornyl hydrogen fumarate were prepared as described by McKenzie 
and Wren (loc. cit.). The melting points and rotatory powers of these esters were in satisfactory 
agreement with the values quoted previously. 

It has now been found that the rotations vary very considerably by alteration of temperature, 
e.g., (—)bornyl fumarate in chloroform for c = 5-2972 gave [a]j® — 55-6° and [a]} — 65-0°, 
whilst (—)bornyl hydrogen fumarate in the same solvent gave [a]? — 44-9° and [a]j} — 51-0° 
for c = 5-574. 

t-Bornyl Fumarate (A).—A mixture of (—)bornyl fumarate (0-9896 g.) with [«]j}° — 59-5° 
(c = 56-2712) in chloroform and an equal weight of (+)bornyl fumarate with [«]j§* + 59-2° 
(c = 4-3992) in the same solvent was dissolved in acetone (85 c.c.). On gradual removal of the 
solvent at the ordinary temperature, 1-75 g. of crystals separated. 

r-Bornyl fumarate separates from ethyl] alcohol in stellate transparent plates resembling the 
(—) and (+) esters; m. p. 116—117° [Found: C, 74:2; H, 9-4; M (ebullioscopic), 340; 
M (Rast), 382. C,,H3,O, requires C, 74:2; H, 93%; M, 388]. The melting point is some 10° 
higher than that of the antimerides. 

Approximately 1 g. of the r-ester was shaken with ethyl alcohol (30 c.c.) for 2} hours at 20°. 
The saturated solution separated from the solid phase was examined in a 4 dcm. tube and found 
to be optically inactive for 15461. To this saturated solution, the solid phase together with 
about 0-25 g. of the (—)normal ester was added, and the mixture was shaken for 3} hours 
at 20°. The saturated solution when examined in a 4 dcm. tube gave azj;, — 1-:35°, and a 
solution of the solid phase in chloroform gave 23, — 0-82° in a 2 dcm, tube. 
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(—)Bornyl (+-)Bornyl Fumarate (B). 


(1) Action of (—)Borneol on (+-)Bornyl Hydrogen Fumarate.—An intimate mixture of 9-8 g. 
of (-++)bornyl hydrogen fumarate (1 mol.) and 12 g. of (—)borneol (2 mols.) was heated in an 
oil-bath at 130—140° for 24 hours, precautions being taken to prevent sublimed borneol from 
accumulating unduly in the neck of the flask. The product solidified on cooling, and was 
distilled in steam for several hours to remove free borneol. The residue was extracted with 
ether and the extract was washed with potassium bicarbonate solution and then with water 
and dried with sodium sulphate. After removal of the ether the solid residue crystallised 
from ethyl alcohol in colourless rhombic plates (10-9 g.). But the melting point, 125—129°, 
and the rotatory power, [«]3, — 5-7° (c = 8-0045), in chloroform showed that the product was 
not homogeneous. The pure compound was obtained by crystallising several times from ethyl 
alcohol-—light petroleum (b. p. 60—80°). Yield, 7-6g. (—)Bornyl (+-)bornyl fumarate separated 
in stellate clusters of rhombic plates, m. p. 131° (Found: C, 74:3; H, 9-2. C,,H;,O0, requires 
C, 74:2; H, 9-3%), readily soluble in cold benzene or chloroform and moderately so in ether, 
acetone, or light petroleum. 

(2) Action of (+)Borneol on (—)Bornyl Hydrogen Fumarate.—The action was conducted 
at 150—160° with 12-5 g. of (+)borneol (14 mols.) and 13-6 g. of the (—)acid ester (1 mol.). 
The crude di-ester (18 g.) after one crystallisation from rectified spirit gave 14 g. of a dextroro- 
tatory product with [«]}}° + 3-6° (c = 8-172) in chloroform. (B) was obtained as before; m. p. 
130—131°, alone or mixed with the ester from the preceding preparation. Yield, 6-6 g. 

The recovered borneol was a mixture of unequal amounts of the antimerides, since it gave 
[a]2* + 24-8° (c = 12-4976) in toluene, the value for (+-)borneol being [a]3{j, + 44°4°. 

(3) Action of (+)Borneol on (—)Bornyl Fumaryl Chloride.—(—)Bornyl fumaryl chloride, 
prepared by the action of thionyl chloride (8 mols.) on (—)bornyl hydrogen fumarate (1 mol.), 
was a colourless oil, b. p. 136—137°/4 mm. (Found : Cl, 13-4. C,4H,O;Cl requires Cl, 13-1%). 
In chloroform : / = 2, ¢c = 5-5635, aj?" — 4-54°, [a]? — 40-8°; af, — 541°, [a]3%, — 48-6°. 

A solution of 3 g. of the acid chloride (1 mol.) in 5 c.c. of benzene was added slowly to a 
solution of 1-75 g. of (+)borneol (1 mol.) and 1-3 g. of pyridine (1-5 mols.) in 25 c.c. of benzene. 
After boiling for 1 hour, the dark-brown solution containing a granular solid was poured into 
water, and distilled in steam to remove the borneol. The ethereal solution of the residue was 
washed with potassium bicarbonate and then with water and dried with sodium sulphate. 
After removal of the ether, the product was decolorised in alcoholic solution with charcoal, 
and crystallised from rectified spirit. The crystals had m. p. 130-5—131°, alone or mixed with 
(B) from the preceding preparation. Yield, 3-4 g. 

t-Bornyl Hydrogen Fumarate (C).—A mixture of 1-0018 g. of (—)bornyl hydrogen fumarate 
with [«]%%, — 56-1° (¢ = 6-797) in chloroform and 1-0018 g. of (+-)bornyl hydrogen fumarate 
with [a]?\;, + 55-8° (c = 6-7765) in the same solvent was dissolved in chloroform. The solution, 
which was optically inactive, was evaporated to dryness. 

t-Bornyl hydrogen fumarate crystallises from light petroleum (b. p. 60—80°) in lustrous 
leaflets resembling the optically active antimerides [Found : C, 66-5; H, 8-1; M (ebullioscopic), 
268; M (Rast), 250. C,H gO, requires C, 66-6; H, 8-:0%; M, 252]. It had m. p. 118—119°, 
but when the molten mass was cooled and the m. p. taken again, the value rose to 125—126°, 
the (—) and (+-) esters having m. p. 117-5—118-5°. It was then observed that the transform- 
ation of the lower-melting into the higher-melting form could also be effected by nucleating the 
solution of the former in light petroleum with the higher-melting form, which resembles the 
other in crystalline appearance. In one case the unstable form had changed after preservation 
for a month in a closed tube, the m. p. now being 125—126° with some preliminary softening. 
Presumably, this particular specimen had been inoculated with a trace of the higher-melting 
form, since another specimen preserved its low m. p. on keeping. The behaviour of these two 
modifications recalls the experience of Wren and Still (J., 1917, 111, 513) with the two forms of 
(—)menthy] hydrogen (-++)diphenylsuccinate melting at 144—145° and 154—154-5° respectively. 

Half Saponification of (—)Bornyl (+-)Bornyl Fumarate.—The ester (8 g.) was half-saponified 
by the calculated quantity of aqueous-alcoholic sodium hydroxide as described by McKenzie 
and Wren (loc. cit.) for the preparation of (+-)bornyl hydrogen fumarate. The crude product 
was optically inactive in chloroform, and was the metastable form of (C). After two crystallis- 
ations from light petroleum (b. p. 60—80°), the stable form separated in lustrous leaflets, m. p. 
125—126°, alone or mixed with the authentic specimen. The formation of this stable form was 
attributed to nucleation from the laboratory dust. 

Esterification of Fumaric Acid by dl-Borneol.—An intimate mixture of fumaric acid (15 g.) 
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and of d/-borneol (30 g.) was heated at 150—160° for 24 hours, and the product worked up to 
give the normal esters according to the method outlined for the action of (—)borneol on 
(-+-)bornyl hydrogen fumarate. The acid ester was obtained by acidifying the alkaline extract 
with sulphuric acid and extraction with chloroform. The inactive bornyl hydrogen fumarate 
so obtained proved to be identical with (C), the two forms of which were again observed. The 
inactive normal ester product after one crystallisation from rectified spirit melted indefinitely, 
105—108° (Found : C, 74-4; H, 9-4. Calc. : C, 74-2; H, 9-3%). After several recrystallisations 
from ethyl alcohol-light petroleum, (—)bornyl (-+-)bornyl fumarate (B) was obtained as the 
more sparingly soluble constituent of the mixture. It melted at 130—131°, alone or mixed with 
an authentic specimen. 


One of the authors (E. B. A.) acknowledges gratefully a grant from the Department of 
Scientific and Industrial Research. 
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154. The Resolution of dl-Menthyl (—)Mandelate. 
By ALEx. McKENZIE and E. MARGARET LUISs. 


WHEN an alcoholic solution of equal weights of (—)menthyl (—)mandelate and (—)menthyl 
(+)mandelate was evaporated, the product was identical with the ester which can be 
obtained more readily by the direct esterification of r-mandelic acid by (—)menthol and 
has been designated as (—)menthyl v-mandelate. It was shown by one of us that the 
latter ester belongs to Ladenburg’s type of “ partially racernic ’’ compounds; it is well 
defined and homogeneous, and not a simple mixture, and it remains unchanged in melting 
point and rotatory power after repeated crystallisations (McKenzie, J., 1904, 85, 378, 
1249). The transition temperature at which this partial racemate breaks up into a 
conglomerate of two diastereoisomerides probably lies below —15° (Findlay and Hickmans, 
J., 1909, 95, 1386). 

Closely related to it are (—)menthyl dl-phenylchloroacetate (McKenzie and Smith, 
J., 1923, 128, 1962), (—)menthyl d/-phenylbromoacetate (McKenzie and Smith, J., 1924, 
125, 1582), and (—)menthyl d/-«-naphthylglycollate (McKenzie and Gow, J., 1933, 32). 
These esters cannot be crystallised unchanged, but separation into diastereoisomerides 
occurs in each case. They are thus in marked contrast to (—)menthyl r-mandelate. 

Accordingly, since d/-menthol is now readily available, it was of interest to make a 
more extended study of the menthyl mandelates, and it has now been found that 
dl-menthyl (—)mandelate is not partially racemic but undergoes resolution into its 
diastereoisomerides. (-+-)Menthyl (—)mandelate is the more sparingly soluble of the two, 
and it was isolated in a state of optical purity. Incidentally, a method is here provided 
for obtaining (+-)menthol by resolution of d/-menthol (cf. Read and Grubb, J., 1931, 188; 
J. Soc. Chem. Ind., 1932, 51, 3297). 

dl-Menthyl (—)mandelate and r-menthyl r-mandelate were also isolated. 


EXPERIMENTAL. 


(+)Menthyl (—)Mandelate.—A mixture of (—)mandelic acid (30 g.) and d/-menthol (90 g.) 
was heated on the water-bath for 16 hours in the presence of hydrogen chloride. The ethereal 
solution of the product was washed with dilute aqueous sodium bicarbonate until all the acid 
was removed, the ether expelled, and the residue distilled in steam to remove unattacked 
menthol, The yield of crude ester was 56 g. <A portion of it (4 g.) was crystallised six times 
from aqueous acetic acid (65%), the crystals obtained giving in ethyl alcohol [a]j§* — 2-7° 
(c = 2-967). It thus appeared that (+)menthyl (—)mandelate is less soluble in aqueous acetic 
acid than is its diastereoisomeride, (—)menthyl (—)mandelate, which has [a]) — 138-6° 
(McKenzie, Joc. cit.). The main amount of the crude ester (52 g.) was then crystallised nine 
times from aqueous acetic acid (65%); the final crystals (5-8 g.), m. p. 96—98°, gave in ethyl 
alcohol [a]f® + 1-6° (c = 4-638). Although this product was not far removed from optical 
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purity, the separation of traces of the strongly levorotatory diastereoisomeride was tedious, 
but by fractional crystallisation from aqueous ethyl alcohol (66%) about 4 g. of the optically 
pure compound were obtained. 

(+)Menthyl (—)mandelate separates from ethyl alcohol in glassy rectangular prisms, and 
from light petroleum (b. p. 40—60°), in which it is more sparingly soluble than in alcohol, in 
long needles, m. p. 98—99° (Found: C, 74-6; H, 9-0. C,,H,,O, requires C, 74-4; H, 9-0%). 
In ethyl alcohol: / = 1, c = 4-639, ayy + 0-42°, [a]3uY + 9-1°; a + 0-45°, [o]8> + 9-6°; 
asym + O-42°, [a}ster + 9-1°. 

Its optical purity was established in two ways. (1) Its antimeric form, (—)menthyl 
(+-)mandelate (McKenzie, Joc. cit.; Findlay and Hickmans, Joc. cit.; Roger, J., 1932, 2168), 
was examined under the same conditions as the above, giving «579, — 0-43°, as9, — 0-44°, 
sag, — 0-42°. (2) A 1 dem. tube containing a solution of (+)menthyl (—)mandelate (c = 
4-639) was placed in the polarimeter trough, and behind it in another 1 dcm. tube the solution 
of (—)menthyl (+-)mandelate of the same concentration. No optical activity was detected for 
4 5791, 5893 or 5461. 

Saponification of (+)Menthyl (—)Mandelate.—Alcoholic sodium hydroxide (18 c.c.) 
containing 1-1 g. of sodium hydroxide was added to a solution of the ester (3-7 g.) in ethyl 
alcohol (50 c.c.). After heating for 3 hours, the bulk of the alcohol was removed, and the 
residue distilled in steam. The resulting (+)menthol was separated by filtration from the 
distillate. Yield: 15g. It had m. p. 42—43°, and was optically pure. In ethyl alcohol : 
1 = 1,¢ = 2-045, aff + 1-02°, [a] +49-9°. Read and Grubb (J., 1931, 188) give [a]?° + 49-9° 
(c = 1-9550) in the same-solvent. The mandelic acid was recovered, and according to expect- 
ation was very largely racemised, giving [«]}}° — 54-7° (c = 6-736) in water. 

Esterification of (—)Mandelic Acid by (+)Menthol.—The (+)menthol used was recovered 
from an experiment on the fractional esterification of r-«-naphthylglycollic acid (McKenzie 
and Gow, loc. cit.). (—)Mandelic acid (0-7 g.) was heated with (-+-)menthol (2 g.) and the crude 
ester was obtained as previously described for the esterification of d/-menthol. After two 
crystallisations from ethyl alcohol the ester obtained had m. p. 98—99° (Found: C, 74-6; 
H, 8-9. Calc.: C, 74-4; H, 9-0%). In ethyl alcohol: [a], + 9-4° (c = 4-648). The ester 
was thus identical with that obtained from the resolution. 

dl-Menthyl (—)Mandelate.—A mixture of 0-2952 g. of (+)menthyl (—)mandelate, m. p. 
98—99°, and 0-2952 g. of (—)menthyl (—)mandelate, m. p. 81—82° (McKenzie, Joc. cit.), was 
dissolved in acetone, and the solvent expelled by evaporation at the ordinary temperature. 
After drying under diminished pressure, the ester had m. p. 76—77° (Found: C, 74-5; H, 9-1. 
C,gH,,O, requires C, 74-4; H, 90%). In ethyl alcohol: /= 1, c = 4-646, aj” — 2-99°, 
[a]?}” — 64-4°. This value is practically identical with that calculated from the values + 9-6° 
and — 138-6° for the diastereoisomerides. 

The ester (0-5 g.) was crystallised from light petroleum (b. p. 40—60°). The crystals (0-2 g.) 
which separated had [a]j’ = — 48° (c = 5-76), a value which showed that resolution had 
occurred, and that (+)menthyl (—)mandelate predominated in the mixture. 

r-Menthyl r-Mandelate.—An ethyl-alcoholic solution of a mixture of 0-93 g. of (+)menthyl 
(—)mandelate, m. p. 98—99°, and 0-93 g. of (—)menthyl (-+-)mandelate, m. p. 98—99°, was 
evaporated to dryness at the ordinary temperature, and was then crystallised from aqueous 
ethyl alcohol, r-Menthyl r-mandelate separated in rectangular prisms, m. p. 80—81° (Found : 
C, 74-4; H, 8-8. C,,H,,O, requires C, 74-4; H, 9-0%). 

UNIVERSITY COLLEGE, DUNDEE. 
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155. Investigations in the Diphenylene Oxide Series. Part IV. 
By N. M. CuLiinane, H. G. Davey, and H. J. H. PADFIELD. 


THE diphenylene oxide used was prepared by the destructive distillation of litharge and 
phenol (Cullinane, J., 1930, 2268). The product was readily obtained, but the yield was 
not large (20%). However, the condensation of catechol and phenol, either without the 
use of a dehydrating agent or in the presence of phosphoric oxide, gave a still smaller yield 
of the ether, and in this experiment diphenylene dioxide (I) also. The latter was evidently 
formed by the condensation of two molecules of catechol, for this substance also, when 
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heated with phosphoric oxide in a sealed tube, was converted into the dioxide. The product 
was identified by comparison with the compound obtained by the action of heat under 
pressure on sodium o-chlorophenoxide (Bayer and Co., D.R.-P. 223,367; compare Ullmann 
and Stein, Ber., 1906, 39, 624) or by the condensation of catechol with o-dichlorobenzene. 


Osi BQ) > QL) = QE BQ 


(I.) 


O80 = O20 ~ CHO 


x 


wo on (III.) 


When the two amino-groups of 2 : 2’-diaminodipheny] were diazotised and the product 
was boiled with water, the dihydroxy-compound passed immediately into diphenylene 
oxide (II). Hot water, anhydrous zinc chloride, or 50% sulphuric acid was without action 
on 4: 4’-dihydroxydiphenyl (III); this, however, was converted by phosphoric oxide into 
diphenylene oxide as sole product, a wandering of the link between the two phenyl nuclei 
to meta-positions having occurred. 

2-Nitro-2'-methoxydiphenyl ether (IV) was prepared from o-chloronitrobenzene and 
guaiacol. An attempt to demethylate this with hydrobromic acid failed, and hydriodic 
acid gave, not the expected 2-nitro-2’-hydroxydiphenyl ether, but 2-amino-2’-hydroxy- 
diphenyl ether (V). The amino-group was diazotised, and the product treated with copper 
sulphate solution, followed by 50% sulphuric acid, yielding diphenylene dioxide. The 
action of heat under pressure on the aminohydroxy-derivative (V) gave a small yield of 
phenoxazine (VI), which Bernthsen (Ber., 1887, 20, 943) had obtained by heating o-amino- 
phenol and catechol in a sealed tube. 
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2-Nitrodiphenylene oxide on eneeemnin gave the same compound as was 
obtained by the mononitration of 3-bromodiphenylene oxide. On the assumption that 
the bromine atom was not substituted in the ortho-position to the nitro-group the product 
was 6-bromo-2-nitrodiphenylene oxide (VII). The action of bromine on 3-bromodiphenylene 
oxide afforded the 3 : 6-dibromo-derivative (VIII), obtained by Hoffmeister (Annalen, 
1871, 159, 215) and oriented by McCombie, Macmillan, and Scarborough (J., 1931, 536). 

The above results are of interest from the point of view of the modern electronic theory 
(compare Cullinane, Part III, J., 1932, 2365). The result obtained by the bromination 
of 2-nitrodiphenylene oxide can be explained by stating that the positive field of the 
nitro-group inhibits any electromeric change from passing out of the nucleus containing it. 
Hence bromination of this compound must rely on direct activation of the substituted 
nucleus by the oxygen atom. The results obtained on nitration and on further bromination 
of 3-bromodiphenylene oxide can be accounted for in this way. In the absence of the 
deactivating nitroxyl group the conditions obtaining in the case of diphenylene oxide 
itself apply (Cullinane, Part III, Joc. cit.), and hence the nitro-group enters the ring at 
position 7, and the second bromine atom at position 6. 
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EXPERIMENTAL. 


Condensation of Catechol and Phenol.—2-6 G. (1 mol.) of phenol and 3 g. (1 mol.) of catechol 
were heated in a sealed tube for 30 hours at 240°. The dark oily product was extracted with 
warm dilute sodium hydroxide solution, and the residue washed with water and extracted with 
hot alcohol, evaporation of which left a small quantity of diphenylene oxide, m. p. 87° after 
recrystallisation. 

The same weights as above of phenol and catechol together with 5 g. of phosphoric oxide 
were heated in a sealed tube for 10 hours at 250—260°. The product was extracted with sodium 
hydroxide solution and with alcohol as before. Recrystallisation from alcohol afforded colourless 
needles (0-1 g.), m. p. 119°, undepressed by admixture with diphenylene dioxide prepared from 
sodium o-chlorophenoxide (D.R.-P. 223,367). The blue colour which it gave with concentrated 
sulphuric acid also served as identification. From the solid obtained by evaporation of the 
alcoholic mother-liquor, diphenylene oxide (0-1 g.) was isolated by recrystallisation from alcohol. 

Action of Phosphoric Oxide on Catechol.—3 G. of catechol and 3 g. of phosphoric oxide were 
heated in a sealed tube for 24 hours at 250—260°. The dark-coloured product was extracted 
with hot dilute sodium hydroxide solution, washed with water, and recrystallised from alcohol. 
Colourless crystals (0-15 g.) of diphenylene dioxide, m. p. 119°, were obtained. 

Condensation of Catechol and o-Dichlorobenzene.—To the clear melt obtained by heating 
potassium hydroxide (2-24 g.; 2-2 mols.) and water (0-72 g.; 2-2 mols.), catechol (2 g.; 1 mol.) 
was added with stirring. o-Dichlorobenzene (2-67 g.; 1 mol.) was quickly added, and the mixture 
heated in a sealed tube at 220° for 10 hours. The product was treated with excess of sodium 
hydroxide solution and then distilled with superheated steam. The distillate contained a little 
unchanged dichlorobenzene together with a white solid. After extraction with ether the solvent 
and the dichlorobenzene were evaporated. The solid residue, crystallised from alcohol, gave 
diphenylene dioxide (0-2 g.), m. p. 119°. 

The yield of dioxide was still further reduced when catechol and dichlorobenzene were 
heated for 24 hours at 150°. 

2-Nitro-2'-methoxydiphenyl Ether.—Potassium hydroxide (6-7 g.) was heated with water 
(1-5 c.c.) until a clear melt was obtained. When incipient crystallisation occurred, guaiacol 
(19 g.) was added rapidly with vigorous stirring, followed by o-chloronitrobenzene (14 g.). 
The mixture was heated at 190—195° (oil-bath temperature) for 1} hours, and the product 
extracted with warm sodium hydroxide solution until the odour of guaiacol had disappeared. 
The oily residue solidified and was then recrystallised from alcohol, giving pale yellow leaflets 
(16°3 g.; 75% yield) of 2-nitro-2'-methoxydiphenyl ether, m. p. 71° (Found: N, 5-8. C,3H,,0O,N 
requires N, 5-7%). The product was soluble in warm benzene, alcohol, or acetic acid, and very 
easily soluble in acetone. 

The compound obtained by Bouveault (Bull. Soc. chim., 1897, 17, 944) by heating o-bromo- 
nitrobenzene and guaiacol in alcoholic solution melted at 55°. 

An attempt to prepare 1-nitrodiphenylene oxide by treatment of 2-nitro-2’-methoxydipheny] 
ether with aluminium chloride, followed by 50% sulphuric acid, was unsuccessful. 

2-Amino-2'-hydroxydiphenyl Ether.—2-Nitro-2’-methoxydiphenyl ether (2 g.) was heated 
under reflux for 3 hours with hydriodic acid (25 c.c.; d 1-7), the deep red product poured into 
dilute aqueous sodium hydroxide, and sulphur dioxide passed in until the solution became yellow. 
Excess of concentrated hydrochloric acid was added, and the solution made neutral with 
aqueous ammonia. The colourless crystalline precipitate was collected, washed with a little 
cold water, and recrystallised from dilute alcohol, forming colourless plates, m. p. 116° (1-5 g.; 
yield, 94%) (Found: C, 71-2; H, 5-5; N, 7-1. C,,H,,O,N requires C, 71-6; H, 5-5; N, 
70%). The amine was soluble in hydrochloric acid, sodium hydroxide solution, and the usual 
organic solvents, and slightly soluble in hot water. 

Conversion of 2-Amino-2'-hydroxydiphenyl Ether into Diphenylene Dioxide.—The ether (2 g.) 
was diazotised in dilute hydrochloric acid (30 c.c.) at 0° with sodium nitrite (1 g.) in water (10c.c.), 
the solution poured gradually into a hot 30% solution of copper sulphate (30 c.c.), and the 
mixture boiled for 15 minutes. Sulphuric acid was added until the concentration of acid was 
50%, and the product was again heated under reflux for 3 hours and was then subjected to 
distillation with superheated steam. The solid distillate was crystallised from alcohol, yielding 
a small quantity of diphenylene dioxide. 

Conversion of 2-Amino-2'-hydroxydiphenyl Ether into Phenoxazine-—The ether (2 g.) was 
heated in a sealed tube at 270—280° for 40 hours, the dark-coloured product extracted with 
ether in a Soxhlet apparatus, and the extract washed with dilute sodium hydroxide solution. 
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The ether on evaporation deposited a dark brown, oily solid, from which phenoxazine (0-22 g.) 
was isolated with difficulty in colourless leaflets, m. p. 156°, by recrystallisation from alcohol. 
The compound gave a violet-red coloration with concentrated sulphuric acid and a dirty blue- 
green colour with alcoholic ferric chloride. The acetyl derivative formed colourless prisms, 
m. p. 141° (Kehrmann and Saager, Ber., 1903, 36, 477, give m. p. 142°). 

Conversion of 2:2'-Diaminodiphenyl into Diphenylene Oxide.—2: 2'-Dinitrodiphenyl 
(Ullmann and Bielecki, Ber., 1901, 34, 2176; Ullmann and Frentzel, Ber., 1905, 38, 725) was 
reduced by means of tin and hydrochloric acid to the diamine (yield, 70%), which (5-5 g.) was 
diazotised in dilute hydrochloric acid at 0°. The solution was kept at room temperature for 
12 hours, warmed on the water-bath for 15 minutes, and then distilled with steam. The colourless 
solid distillate, recrystallised from alcohol, afforded pure diphenylene oxide (3-8 g.), m. p. 87° 
(compare Tauber and Halberstadt, Ber., 1892, 25, 2745). 

Action of Phosphoric Oxide on 4: 4'-Dihydroxydiphenyl—A mixture of 4: 4’-dihydroxy- 
diphenyl (6 g.) and phosphoric oxide (1-6 g.) was heated rapidly. A small quantity of diphenylene 
oxide distilled and solidified; m. p. 87° (picrate, m. p. 102°). 

2 : 2’-Dinitrodiphenyl Ether.—The yield of this compound obtained by heating o-chloronitro- 
benzene and potassium o-nitrophenoxide at 140° (Haussermann and Bauer, Ber., 1896, 29, 2084) is 
verysmall. Atahigher temperature (240°) the mixture tends to decompose violently. The follow- 
ing method givesa yield of 6%, but the unchanged initial materials can be recovered and used again. 
Potassium hydroxide (28 g.) was heated with water (10 c.c.) until a clear melt was obtained. 
o-Nitrophenol (70 g.) was quickly mixed with this, and the resulting mass was dried in an air-oven 
at 140°. The phenoxide was then heated with o-chloronitrobenzene (70 g.), o-nitrophenol (35 g.), 
and pyridine (10 c.c.) at 220° (oil-bath temperature) for 2 hours. The product was extracted 
with hot dilute potassium hydroxide solution, from which unchanged o-nitrophenol was 
recovered, and the undissolved portion was distilled with steam, which removed o-chloronitro- 
benzene, 2: 2’-Dinitrodipheny]l ether was extracted from the residue with acetone and recrystal- 
lised from alcohol, forming pale yellow needles, m. p. 116°. 

2'-Nitro-2-aminodiphenyl Ether.—The dinitro-compound (10 g.) was reduced in alcohol 
(100 c.c.) and aqueous ammonia (10 c.c.; d 0-880) with hydrogen sulphide and after 1 hour 
the solvent was distilled off and the residue extracted with boiling dilute hydrochloric acid. 
Addition of aqueous ammonia to the filtrate precipitated an oil, which was dried and crystallised 
from alcohol, yielding the nitroamino-compound in yellow needles (5 g.), m. p. 56° (Found : 
N, 12-4. C,,H,,O,N, requires N, 12-2%). Reduction with hydrogen chloride-stannous chloride— 
glacial acetic acid gave the same result. 

Action of Bromine on 2-Nitrodiphenylene Oxide.—A solution of the oxide (2 g.) in glacial 
acetic acid (40 c.c.) was slowly treated with bromine [2-2 c.c.; 3 mols. (the use of only 1-2 mols. 
was unsatisfactory)] and boiled under reflux for 6 hours. The solid obtained on cooling was 
washed with acetic acid and recrystallised from boiling acetone, giving pale yellow needles (2-9 g.) 
of 6-bromo-2-nitrodiphenylene oxide, m. p. 248° [Found: Br, 27-2. C,,H,O,;NBr requires 
Br, 27-4%. In the estimation (Carius) the tube had to be heated at 340° for 20 hours in order 
to ensure complete decomposition of the bromo-compound], fairly soluble in hot acetone, but 
not very soluble in acetic acid, alcohol, benzene, or chloroform. 

Action of Nitric Acid on 3-Bromodiphenylene Oxide.—Into a solution of the oxide (5 g.) 
in glacial acetic acid (30 c.c.), nitric acid (12-5 c.c.; d 1-5) was dropped with water-cooling ; 
the whole was kept at room temperature for 2 hours and then heated on the water-bath for 
1} hours. The crystals obtained on cooling were washed with acetic acid and recrystallised from 
acetone, giving pale yellow needles (3 g.) of 6-bromo-2-nitrodiphenylene oxide, m. p. 248°, 
identical with the preceding compound. 

3 : 6-Dibromodiphenylene Oxide -—When bromine (3-4 g.) was dropped with stirring into a 
hot solution of 3-bromodiphenylene oxide (2 g.) in glacial acetic acid (12 c.c.), vigorous evolution 
of hydrogen bromide occurred and a yellow precipitate was deposited. The mixture was kept 
at room temperature for 24 hours and then warmed on the water-bath for 3 hours. After 
cooling, the yellow crystals were collected, washed with a little acetic acid, and recrystallised 
from alcohol-acetone, giving colourless leaflets (2-4 g.) of the 3 : 6-dibromo-compound, m. p. 195°. 


The authors thank Professor R. Robinson for his advice and criticism, and the Chemical 
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156. The Initiation of the Detonation Wave in Solid Explosives. 
By W. E. GARNER. 


MurRaour (Chem. Ind., 1933, 30, 39) has suggested that the initiation of a detonation 
wave in an explosive requires the simultaneous decomposition in the same region of a 
large number of molecules. This theory of the origin of the detonation wave serves the 
very useful purpose of correlating many of the facts concerning explosives and explains 
detonation by shock, by fast electrons (idem, ibid.), as well as by heat. It is therefore of 
interest to examine the theory further and to attempt to form an idea as to the magnitude 
of a detonation centre. Gomm and the author (J., 1931, 2123) put forward the above 
hypothesis for the special case of lead azide and deduced from the temperature coefficient 
of the time lag before detonation that four molecules were required to form a centre of 
detonation. Later, Sutton (Nature, 1934, 133, 463) showed that the unit cell of the lead 
azide crystal contains eight groups of three molecules and suggested that the unit of 
detonation is one group of three molecules. The experimental data already available 
on the decomposition of lead azide make it possible to decide the maximum size of deton- 
ation centres. 

A possible line of investigation into the origin of the detonation wave is to search for 
events which possess a probability which is the same as, or greater than, that of deton- 
ation. It is obvious that events which possess smaller probabilities cannot be the cause 
of the inception of the wave. In the case of lead azide, it can be shown that the simul- 
taneous decomposition of more than two adjacent molecules has a smaller probability 
than that of detonation. 

Crystals of lead azide decompose on the surface and soon become coated with a coherent 
film of lead. The interface between lead azide and lead, which is the surface on which 
the reaction occurs, is parallel to the faces of the crystals, and no very large error will be 
made if we assume that in the early stages of the decomposition its area is equal to that 
of the exterior of the crystal. On this basis, at 290°, the number of molecules of azide 
decomposing per sec. in one sq. cm. of interface is 1-1 x 10'*; the number of molecules 
in the interface is approximately 3 x 10%, so that. about 30 molecular layers are decom- 
posed per sec. The detonation wave passes through lead azide with a speed of 5300 m./sec. 
and hence each molecular layer hands on activation energy to the next in 10° sec. This 
will be taken to be the time within which adjacent molecules must decompose in order 
that the energy liberated may be available as activation energy. This time may be too 
long, but its order is all that is required. The probability of the simultaneous decom- 
position of two adjacent molecules within the time interval 10~} sec. will be 1-12 x 10°/3 x 
1014 = 4 x 10°; for three molecules this will be 1-5 x 10°, and for four, 5 x 10° 
(leaving out of account that there are several adjacent positions open). The chance of 
the binary event at 290° is 2-5 x 10° per sec.; this is greater than that of detonation, 
which, on the basis of 1 sq. cm. of interface, is once in 25 secs. Errors in estimating the 
area of the interface or the time taken in handing on activation energy may partly account 
for the discrepancy. On the other hand, the chances of the ternary and the quaternary 
events will be once in 10’ secs., and once in 108 secs. respectively. These chances are 
much smaller than that of detonation, so they are ruled out as a possible cause of deton- 
ation. This should be true, not only of lead azide, but of explosives generally, for in 
order that the ternary and the quaternary decompositions should occur sufficiently 
frequently it would be necessary that the explosive decomposes at 10® or 10%” times faster 
than the rate found for lead azide at 290°. Such rates of reaction would themselves be 
accounted rates of explosion. Hence, it may be concluded that the detonation centre 
formed during the thermal reaction in explosives cannot be greater than two molecules. 
It should be borne in mind, however, that this may not apply to detonation by shock or 
fast electrons at room temperature. 

On heating an explosive, detonation occurs after a time lag, 7, which decreases with 
increase in temperature, and the normal relation between + and 7 is that given by an 
equation of the Arrhenius type, log (1/7) = A/RT + const., where A (detonation) may 
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be called the critical increment of detonation (cf. Garner and Hailes, Proc. Roy. Soc., 1933, 
A, 189, 576; Andréew, Physikal. Z. Soviet Union, 1934, 5, 174). A similar equation also 
holds below the detonating temperature for the length of the induction period of the 
thermal decomposition, or, more generally, for the time for half-decomposition of solid 
explosives, and in this case, A (thermal) is the critical increment of the thermal decom- 
position which can be checked by other methods. For mercury fulminate, A (thermal) = 
30-4 kg.-cals., whereas A (detonation) varies from 27 to 31 kg.-cals. according to the shape 
and purity of the crystals. Thus the critical increment for detonation is the same as that 
of the thermal decomposition within experimental error, so it must be concluded that the 
time lag in the case of fulminate is mainly controlled by the rate of the thermal decom- 
position and that the manner in which the time lag changes with temperature has little 
bearing on the phenomena of detonation. Andréew (loc. cit.) has determined A for a 
number of explosives (some liquid and some solid) and except for lead azide the values 
range between 10 and 40 kg.-cals., and are so low that one suspects that in the majority 
of these cases the critical increments have little connexion with the detonation process. 

There is an additional reason why A (detonation) must be influenced by the thermal 
process. In solids, decomposition occurs at an interface which does not exist at the 
beginning of the decomposition, and a time interval must elapse before this interface 
reaches its maximum extent. Detonation arises in this interface and the probability of 
detonation will depend on its area. Consequently, the time to detonation will include 
time taken in manufacturing the interface at which detonation occurs. The surface of 
lead azide becomes rapidly coated with a film of lead and the maximum area of the inter- 
face is soon attained, hence in this case the time required to form the interface is not the 
controlling factor in the length of the detonation time. This accounts for the fact that 
differences are found between A (detonation) [7.e., 200 (Garner and Gomm, Joc. cit.), 
78°7 (Andréew, loc. cit.)| and A (thermal), z.e., 48 kg.-cals. The errors involved in the 
determination of A (detonation) due to self-heating and changes in the area of the inter- 
face are, however, very great, and little reliance can be placed on the actual numerical 
values given above. All that can be said is that the critical increment of detonation is 
considerably larger than that of the thermal reaction. On the hypothesis that deton- 
ation is caused by the simultaneous decomposition of two molecules, the critical increment 
of detonation should be 96 kg.-cals. 

Certain conclusions can be drawn as to the probable mechanism of the decomposition 
of lead azide in the solid state. The reaction, PbN, — Pb + 3Ng, is exothermic to the 
extent of 106 kg.-cals. It is conceivable that the process occurs in two stages, (1) }Pb™ + 
N,’ —- 4Pb + N, + N — 51 kg.-cals., which should be just possible with the experi- 
mental critical increment of 48 kg.-cals., and (2a) $Pb™ + N,’ + N — $Pb + 2N, + 157 
kg.-cals. It is unlikely that the second stage is (2b) }Pb” + N,’ + N — 4Pb+N,+ 
2N — 51 kg.-cals., since this would require considerable activation energy. Since the N, 
groups in azides are in contact in the solid state (cf. Pauling, J. Amer. Chem. Soc., 1925, 
47, 2904), it is probable that (1) and (2) occur as one process with the liberation of 154 
kg.-cals. of energy, and that the real unit of the reaction is a molecule of lead azide or 
two N,’ ions. It is uncertain in what manner the energy of the reaction is distributed 
among the products, especially as the reaction occurs in contact with the solid lattice. 
There is, however, sufficient energy available, should the molecules be suitably orientated 
in the lattice, for a reaction chain to be formed. Below the detonating temperature, if a 
reaction chain exists, it must be of finite length. Calculations made by means of the 
Polanyi-Wigner equation indicate a chain length of 10* for lead azide. The chain length 
is probably affected by the lattice energy since at room temperature, it is very difficult 
to start chains in explosive substances by «-particles, fast electrons, etc. (Roginski, Physikal. 
Z. Soviet Union, 1932, 1, 640; Muraour, loc. cit.; Kalbmann and Schrankler, Naturwiss., 
1933, 21—23, 379). The tracks of reaction chains in the solid state may be either two- 
or three-dimensional, and normally they will begin and end on molecules of decomposition 
product. In lead azide, the chains arising during the thermal decomposition must be 
mainly two-dimensional, for the interface at which reaction occurs is quite sharp, but in 
mercury fulminate they are probably three-dimensional, for the decomposition products 
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are distributed in a finely divided condition throughout the crystal. This difference 
between the character of the reaction interfaces of these two detonating substances must 
play an important part in determining their specific explosive properties. Lead azide is 
very brisant, and this is to be expected since it possesses a sharp interface of reaction. 
Mercury fulminate is much less sensitive and is very slow in attaining its maximum speed 
of detonation, and this is in agreement with the fact that the thermal reaction progresses 
in a diffuse manner throughout the crystal. 

On account of the diffuseness of the decomposition of fulminate, it would be expected 
that the chain length will diminish as the reaction proceeds. The tracks of the chains will 
pass to an increasing extent through partially decomposed material and will therefore 
end sooner. The presence of decomposition products and deterioration on ageing exert 
very marked effects on the detonating properties of fulminate. A crystal decomposed to 
the extent of one-tenth to one-fifth will not explode at the usual temperatures and, in 
experiments in the detonation range, it is always found that detonation either occurs 
before the crystal is one-fifth decomposed or it does not occur at all. In this case, the 
chance of detonation is not primarily a function of the rate of thermal decomposition, for the 
rate of reaction continues to increase all through the detonating range up to the time of 
half-decomposition. This leads one to the conclusion that the detonation centre is not 
formed by the simultaneous decomposition of two adjacent molecules, the probability 
of which should increase up to the time of half-decomposition, but is a result of the inter- 
section of two reaction chains. A large amount of energy will be liberated at the point 
of intersection, which will be greater than that set free by the simultaneous decomposition 
of two molecules independently. The probability of two chains meeting in a two-dimen- 
sional system would be of the same order as that of two adjacent molecules decomposing 
independently, so it is an event which might very well be responsible for detonation in 
the case of lead azide. Since in the case of fulminate the chain length decreases as the 
crystal decomposes, the chance of intersection of the chains will also diminish. Thus the 
inertness of partially decomposed fulminate can be satisfactorily explained. 

In corroboration of the chain theory, it is found that the rate of reaction towards the 
end of the decomposition follows the unimolecular equation. This is true for mercury 
fulminate, lead styphnate, and barium azide. If the crystals are decomposing by reaction 
chains which follow irregular tracks there must be residues of isolated molecules which 
can only decompose one at a time. These will be activated independently and must 
therefore decompose according to the unimolecular law. The activation energy of the 
isolated molecules is 27 kg.-cals. in the case of barium azide, which is somewhat greater 
than the activation energy in the beginning of the reaction, viz., 21 kg.-cals. (Harvey, Trans. 
Faraday Soc., 1933, 29, 144, 653). 

SUMMARY. 

It is shown that the number of molecules forming a detonation centre in solid explosives 
cannot exceed two. Arguments have been advanced in support of a chain theory of 
solid decomposition, and on this basis it is possible to account for the variations in the 
sensitivity of explosives. It is suggested that the initiation of the detonation wave is 
due to the intersection of two reaction chains. 


THE UNIVERSITY, BRISTOL. [Received, April 11th, 1934.] 





157. N-Oximino-ethers. Part III. Condensation of Phenylchloroaceto- 
nitrile with Nitroso-compounds. Stereoisomeric N-Phenyl Ethers of 
Oximinophenylacetonitrile. 

By FRED BARRow and FREDERICK J. THORNEYCROFT. 
Ir has been found previously (J., 1921, 119, 212; 1922, 121, 1713) that p-nitro-substituted 


benzyl halides readily condense with aromatic nitroso-compounds, yielding N-aryl ethers 
of the corresponding benzaldoximes. A similar behaviour is shown by the halogen derivatives 
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of other compounds containing an active methylene group (compare Bergmann and 
Hervey, Ber., 1929, 62, 893), and the reaction with phenylchloroacetonitrile is now 
described. 

p-Nitrosodimethylaniline condenses with phenylchloroacetonitrile, under the influence 
of alcoholic potassium hydroxide, even more readily than with the nitrobenzyl halides, 
yielding oximinophenylacetonitrile N-p-dimethylaminophenyl ether (I), the constitution of 
which has been established from its behaviour on hydrolysis ; when heated with concentrated 
hydrochloric acid, it is rapidly converted into benzoyl cyanide, #-nitrosodimethylaniline, 
and #-aminodimethylaniline : 


ees . . ape 
N<C —> Ph-CO-CN + HO-NH-C,H,°NMe 4 
CoHyNMe, (IL) , ~~” NH, -C,H,-NMe, 


The #-dimethylamino-$-phenylhydroxylamine (II) intermediately formed in the 
hydrolysis is apparently unstable and at once undergoes simultaneous oxidation and 
reduction to the #-nitroso- and the #-amino-derivative of dimethylaniline respectively. 
Similar oximino-ethers have been prepared by the interaction of phenylchloroacetonitrile 
with -nitrosoaniline and its N-methyl, ethyl, phenyl, diethyl, and benzylethyl derivatives. 

In view of the occurrence of isomeric N-methyl ethers of phenyl #-tolyl ketoxime 
(Semper and Lichtenstadt, Ber., 1918, 51, 928), #-nitrobenzophenoneoxime (Brady and 
Mehta, J., 1924, 125, 2297), and sonitrosomalonomono-f-tolylamide (Plowman and 
Whiteley, J., 1924, 125, 587), the condensations with the mono- and the di-methyl- and 
-ethyl derivatives were carried out under various conditions in the presence of sodium 
ethoxide, alcoholic potassium hydroxide, and sodium carbonate; in no instance, however, 
was any evidence obtained of the existence of a second isomeride. 

The condensation of nitrosobenzene with phenylchloroacetonitrile produced two 
stereoisomeric N-phenyl ethers (III), which were readily separated by means of their 
markedly different solubilities in benzene. The more sparingly soluble isomeride, which 
will be referred to as the «-ether, crystallises in pale yellow needles, m. p. 170°. It is thermo- 
labile and is slowly transformed at temperatures considerably below its m. p. into the more 
soluble stable B-ether, which crystallises in stout prisms, m. p. 143°, and has a paler yellow 
colour than the «-form. The separate and the combined effects of the two compounds in 
depressing the freezing point of benzene (compare Sidgwick, J., 1915, 107, 672) show that 
they are isomeric and not dimorphous. Both isomerides are reduced by zinc dust and 
ammonium chloride in aqueous-alcoholic solution to «-phenyliminophenylacetonitrile, 
PhN:CPh-CN, and on hydrolysis with concentrated hydrochloric acid yield benzoic acid, 
hydrogen cyanide, and #-chloroaniline : 


Ph‘CO-CN —> Ph:CO,H + HCN 


Ph~_-.,,_0 
(III.) .N —- + 

cN>CN<Ph Ph‘NH-‘OH —> C,H,CI-NH, + H,0 

The stereochemical configurations of the two isomerides have been determined from 

measurements of their electric dipole moments. Sutton and Taylor (J., 1931, 2190), 
who applied the method to the N-methyl ethers of #-nitrobenzophenoneoxime, pointed 
out that the —N-> O group should have a moment comparable with that of the nitro-group, 
and hence the moment of the ether having configuration (IV) will be large, whilst that of 
the stereoisomeric ether (V) will be small: the «-ether gave » = 6-6 x 1078 e.s.u. and 
therefore has configuration (IV); the ®-ether had p= 1-09 x 10° e.s.u. and must 
accordingly be represented by (V). 


> > = = 
Ph—C—C,H,NO, Ph—C—C,H,NO, Ph—C—CN Ph—C—CN 
Me—N>O O<N—Me Ph—N>O O<N—Ph 


(IV.) (V.) (VI.) (VII) 
p= 6°60. 1-09. 63. 1:07 x 107% e.s.u. 





724 Barrow and Thorneycroft : 


The cyano-group in the isomeric N-phenyl ethers of oximinophenylacetonitrile has a 
large moment, the negative pole being nearer the nitrogen atom, and hence the ether (VI) 
will have a large moment, whilst in the other (VII) the moment will be small. 

We are much indebted to Prof. S. Sugden for undertaking the measurement of the 
dipole moments of the two isomerides. He found that the a-ether had p = 6-3 x 107 e.s.u. 
and the 8-ether, » = 1-07 x 10“ e.s.u. From these results there can be no doubt that the 
a-ether has the configuration (VI), whilst the B-ether is represented by (VII). The N-phenyl 
ethers of oximinophenylacetonitrile possess moments of almost the same magnitude as 
those of the corresponding N-methyl ethers of #-nitrobenzophenoneoxime—a result 
which would be anticipated in view of the fact that the moments of the nitro- and the 
cyano-group are almost identical. 


EXPERIMENTAL. 


Phenylchloroacetonitrile is more conveniently prepared by the action of thionyl chloride 
on mandelonitrile than by the method of Michael and Jeanpétre (Ber., 1892, 25, 1679), who 
used phosphorus pentachloride. Mandelonitrile (400 g.) in dry ether (400 c.c.) was added 
slowly to thionyl chloride (400 g.), and the mixture refluxed until the evolution of hydrogen 
chloride ceased. After filtration and removal of the ether, the chloro-nitrile (200 g.) had b. p. 
108—110°/5 mm. The nitroso-compounds were all prepared by the methods given in the 
literature. 

Oximinophenylacetonitrile _N-p-Dimethylaminophenyl Ether.—Methyl-alcoholic potassium 
hydroxide (6-2 g. in 40 c.c.) was added during 10 minutes with constant stirring to a solution 
of -nitrosodimethylaniline (15 g.) and phenylchloroacetonitrile (15-1 g.) in ethyl alcohol 
(150 c.c.). Rise of temperature occurred and the mixture became red. After 1 hour, the 
ether was collected, washed with water to remove potassium chloride, and crystallised from 
alcohol, forming stout red prisms (21-5 g.), m. p. 185° (Found: N, 15-5. C,gH,;ON; requires 
N, 15-8%). 

Hydrolysis. The ether (2 g.) was heated with hydrochloric acid (15 c.c. of 25%) on the steam- 
bath until it dissolved and a colourless oil separated. The mixture was cooled in ice, the liquid 
filtered, and the yellow solid extracted with ether. The colourless oil obtained by evaporating 
the dried ethereal solution readily solidified and crystallised from light petroleum in leaflets 
of benzoyl cyanide, m. p. 32°, which was converted into benzanilide (m. p. and mixed m. p. 
162°) when heated with aniline. The yellow solid remaining after the ether extraction consisted 
of p-nitrosodimethylaniline hydrochloride, from which the free base (m. p. and mixed m. p. 85°) 
was isolated. The acid solution after the hydrolysis was basified with sodium carbonate and 
shaken with -nitrobenzoyl chloride (1-5 g.) in benzene (20 c.c.), and the dark brown solid 
obtained was washed with hot alcohol and crystallised from pyridine—alcohol, p-nitrobenzo- 
p’-dimethylaminoanilide, NO,°C,H,CO*NH°C,H,°NMe,, separating in lustrous, dark bronze 
leaflets, m. p. 258° (either alone or when mixed with a specimen prepared directly from #-nitro- 
benzoyl] chloride and p-aminodimethylaniline in a similar manner) (Found : N, 14-8. C,;H,;0;N; 
requires N, 14-7%). 

Oximinophenylacetonitrile N-p-Methylaminophenyl Ether.—This was prepared by the addition 
of potassium hydroxide (3-1 g.), dissolved in methyl alcohol (20 c.c.), to a solution of #-nitroso- 
methylaniline (7-8 g.) and phenylchloroacetonitrile (7-5 g.) in ethyl alcohol (50 c.c.). After 
being washed with water and crystallised from acetone, it formed slender yellow needles, m. p. 
193° (Found: N, 16-8. C,;H,,;ON; requires N, 16-7%). 

The N-p-diethylaminophenyl ether, obtained from p-nitrosodiethylaniline in a similar manner, 
crystallised from acetone in stout, bright red prisms, m. p. 153° (Found: N, 14-5. C,,H,,ON; 
requires N, 14-3%); and the N-p-ethylaminophenyl ether, from p-nitrosoethylaniline, in slender, 
orange-red needles, m. p. 185° (Found : N, 15-9, C,,H,,ON; requires N, 15-8%). The following 
ethers were prepared by using sodium ethoxide as a condensing agent : N-p-Benzylethylamino- 
phenyl ether. To p-nitrosobenzylethylaniline (12 g.) and phenylchloroacetonitrile (7-5 g.), 
dissolved in alcohol (150 c.c.), was added gradually at room temperature, with constant 
stirring, a solution of sodium (1-15 g.) in alcohol (20 c.c.); the solid which separated was 
washed with water and crystallised from alcohol, forming bright red needles, m. p. 142° 
(Found: N, 12-0. C,,;H,,ON; requires N, 11-8%). The N-p-phenylaminophenyl ether, prepared 
from p-nitrosodiphenylamine, separated from chloroform in golden-brown needles, m. p. 154° 
(Found: N, 13-2. C)H,,ON, requires N, 13-4%); and the N-p-aminophenyl ether, from 
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p-nitrosoaniline, in lustrous golden-yellow plates, m. p. 195° (Found: N, 17-5. C,,H,,ON; 
requires N, 17-7%). 

Isomeric N-Phenyl Ethers of Oximinophenylacetoniirile—-Aqueous potassium hydroxide 
(28 g. in 100 c.c.) was added during 45 minutes toa mechanically stirred solution of nitrosobenzene 
(53 g.) and phenylchloroacetonitrile (71 g.) in alcohol (250 c.c.), the temperature being maintained 
at ca. 30° by external cooling. The solution was then diluted with water (1000 c.c.) and the 
solid which separated was collected and washed with a little cold alcohol. The yield of mixed 
ethers amounted to 85 g., but this was diminished considerably if the addition of the alkali 
was made too rapidly, or the temperature was maintained too low during the condensation. 
Separation was effected by shaking the mixture with benzene (600 c.c.) at room temperature. 
The solution, filtered from the undissolved «-ether, on evaporation deposited the B-N-phenyl 
ether, which was obtained in a pure condition after two crystallisations from alcohol (yield, 22 g.). 
It separates in stout, pale yellow prisms, m. p. 143°, which slowly turn brown on exposure to 
light, and are readily soluble in acetone and benzene, moderately so in alcohol, and only very 
sparingly soluble in light petroleum and cyclohexane: 100 c.c. of the saturated solution in 
benzene at 21° contain 7-05 g. (Found: C, 75-4; H, 4-7; N, 12-7; M, cryoscopic in benzene, 
216, 229. C,,H,ON, requires C, 75-7; H, 4-5; N, 12-6%; M, 222). 

Hydrolysis of the B-ether. The ether (2 g.) was heated with concentrated hydrochloric acid 
(100 c.c.) on the steam-bath for 1 hour, and the solution cooled and filtered from the benzoic 
acid which separated. After concentration and basification with sodium hydroxide, the mixture 
was cooled in ice and shaken with acetic anhydride; p-chloroacetanilide (m. p. and mixed m. p. 
178°) was then obtained. 

Reduction of the B-ethery. A mixture of the ether (8-5 g.), ammonium chloride (2 g.), zinc 
dust (8 g.), alcohol (120 c.c.), and water (20 c.c.) was mechanically stirred at 60° for 45 minutes, 
alcohol being added at intervals to replace that lost by evaporation. After filtration the solution 
was diluted with water and the precipitate obtained was crystallised from alcohol (80%). It 
formed bright yellow leaflets, m. p. 71°, either alone or when mixed with «-phenyliminophenyl- 
acetonitrile prepared according to Sachs and Bry (Ber., 1901, 34, 501). 

The a-phenyl ether, remaining undissolved after extraction of the $-ether from the original 
condensation product with benzene, crystallised from benzene or acetone in lustrous, pale yellow 
needles (23 g.), m. p. 170°, much less soluble in the common solvents than the 8-isomeride : 
100 c.c. of the saturated solution in benzene at 21° contain 1-17 g. (Found: C, 75-5; H, 4-7; 
N, 12-8%; M, cryoscopic in benzene, 207). 

The depressions of the freezing point of benzene produced by saturation with the two 
isomerides were : 


Depression produced by saturation with the f-ether 
Depression after addition of the a-ether also 


The «-ether undergoes transformation into the B-isomeride at temperatures far below that 
at which fusion occurs. The melting point was therefore taken as the temperature, 170°, at 
which complete melting took place in 15 seconds when the ether, contained in a capillary tube, 
was plunged in a previously heated bath. If the temperature is raised slowly, the melting 
point recorded is 142° owing to complete transformation into the B-form. The two ethers form 
a eutectic mixture which melts at 126° and then resolidifies to the $-isomeride at a slightly 
higher temperature (ca. 130°). 

On hydrolysis with concentrated hydrochloric acid the «-ether yielded benzoic acid and 
p-chloroaniline, which were isolated and identified in the manner described previously in the 
case of the B-isomeride. The reduction was effected by heating the a-ether (3-5 g.) with zinc 
dust (6 g.) and ammonium chloride (2 g.) in boiling aqueous alcohol (300 c.c. of 75%) for 2 hours 
(mechanical stirring) : the «-phenyliminophenylacetonitrile obtained by the addition of water 
to the filtered solution had m. p. and mixed m. p. 71°. 


Measurement of Electric Dipole Moments (By S. SUGDEN). 


These were measured in benzene at 25°, the dielectric constants being determined by the 
method previously described (Sugden, J., 1933, 768). The results are tabulated below, where 
f, is the molar fraction of the solute, d the density of the solution, e its dielectric constant, n its 
refractive index, pj, its specific polarisation, P, the total polarisation of the solute, and P, the 
electron polarisation calculated from the refractive index. 





Surface Reaction between Acetylene and Iodine. 


Se q®’, €o5°- Pie- Fe nis, 
Oximinophenylacetonitrile B-N-phenyl ether. 
0 0°8726 2-273 0°3414 — 1-5037 
0-006262 0°8767 2-289 0°3430 95°9 — 
0°012521 0°8807 2°303 0°3438 91-1 1-5086 
0°020213 0°8859 2-318 0°3446 88°6 15111 


P, at infinite dilution = 98°3; Pu= P, — Pg = 23°9 cm.2: p= 1:07 x 1078 e.s.u. 


Oximinophenylacetonitrile a-N-phenyl ether. 


0 0°8729 2°273 0°3413 —_ 
0-000874 0°8735 2°323 0°3504 900 
0-001765 0°8742 2°375 0°3593 886 


Px could not be determined from the refractive index of the solutions owing to the sparing solubility 
of the substance. It was therefore assumed to have the same value as the B-isomeride, viz., 74°4. P, 
at infinite dilution = 915; Pu= P, — Pg= 841 cm3: p= 63+ 01 x 10° e.s.u. 


BIRKBECK COLLEGE, Lonpon, E.C. 4. [Received, December 4th, 1933.] 





158. Surface Reaction between Acetylene and Iodine. 
By Ceci P. ELLIs. 


AccorRDING to Berthelot (Aun. Chim. Phys., 1866, 9, 428), iodine and acetylene do not 
combine at the ordinary temperature even in direct sunlight. This is not correct. If 
iodine is sublimed on to the sides of a flask, which is then filled with acetylene and kept for 
two or three days at 25°, most of the iodine crystals are converted into colourless elastic 
needles of acetylene di-iodide, m. p. 73°, b. p. 192° (corr.). 
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The rate of the reaction depends to some extent on the nature of the surface used, but 
not to so marked a degree as in the reaction between ethylene and iodine (see Mooney and 
Reid, J., 1931, 2597). The rate of reaction is decreased by a film of paraffin wax on the 
sides of the flask, but is accelerated by a film of alcohol. It is significant that the usual 
method of preparation of the di-iodide consists in passing acetylene over iodine moistened 
with alcohol (Sabanejeff, Annalen, 1875, 178, 109). The speed of the reaction is slightly 
greater with sublimed than with powdered iodine. 


A 500-c.c. glass flask was used. Before each experiment the flask was immersed in chromic 
acid, washed, and dried in a current of hot air. The paraffin-wax surface was obtained as 
described by Mooney and Reid (/oc. cit.). 

The iodine was weighed and introduced into the flask. The air in the flask was then dis- 
placed by acetylene, purified by passage through a solution of copper sulphate containing 
sulphuric acid and dried over anhydrous calcium chloride. The flask was connected to a 
mercury manometer, and was completely immersed in a large tank of water. As the temper- 
ature in this country varies very little, this arrangement sufficed to keep the temperature of the 
flask constant within 1° or 2°. 
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Typical results are given below, and are illustrated in the accompanying figure. In each 
case 1 g. of iodine was used, and the surface area was 300 cm.?; dp/dt gives the rate of change 
of pressure (in cm. of Hg) with time (in days). 


Expt. No. Iodine surface. Other surface. dp |dt. 
XIII Powder Paraffin 0°55 
II ” Glass 1 

VII Sublimed na 2° 

III Powder Alcohol 3 


5. 
“4 
1 

6 


I thank Mr. G. Leslie Asgill for some assistance with the laboratory work. 


PRINCE OF WALES SCHOOL, SIERRA LEONE. (Received, March 23rd, 1934.] 





159. A Rearrangement of 0-Aminodiphenyl Ethers. Part I. 
By KENNETH C. RoBERTs and CHARLES G. M. DE WorMs. 


INTRAMOLECULAR change of the type exemplified by the ready conversion of the O-acyl 
derivatives of o-aminophenols into the corresponding N-acyl derivatives, and by the 
rearrangement of o-thioloxides, 2-hydroxysulphones, and o-acetamido-sulphoxides and 
-sulphones (Smiles and his co-workers, J., 1931, 2207, 3264; 1932, 1040, 1488, 2774; 1933, 
1490), could not be effected with o-aminodiphenylamines (Roberts, J., 1932, 2358), but has 
now been brought about in o-aminodiphenyl ethers: derivatives of type (I; R =H or 
acyl) are readily converted in suitable media into the diphenylamines (II). 


* Servo, > “OSL 
md worl Jno, \NH 


The rate of change of the N-acyl derivatives (I) is slower than ite of the parent amino- 
ethers (I; R = H) and falls off with increasing strength of the acid corresponding to R; 
e.g., the acetyl derivative is converted more rapidly than the o-nitrobenzoyl derivative but 
less quickly than the parent ether. The expected acceleration of the rearrangement on 
replacement of the dinitrophenyl by the picryl nucleus with its enhanced positivity at the 
l-carbon atom has not been realised, owing partly to the relatively low solubility of the é7i- 
nitro-ether (III) in the activating solvents and partly to the ease with which it forms the 
phenoxazine (V). The ¢trinitrodiphenylamine (IV) has, however, been obtained by re- 
arrangement of (III). 


NO, 
(III.) > M Ne (IV.) 
NO, 
"LX OOP 
MA wy NHS 
2 


A novel feature of the rearrangement of the N-acyl derivatives (I) is that the acyl group 
and not the imino-hydrogen migrates, the product in each of the cases studied being the 
O-acy] derivative (IT) of the corresponding hydroxydiphenylamine (contrast the o-acetamido- 
sulphoxides; Levi, Warren, and Smiles, Joc. cit.). The closest approach to a rearrange- 
ment of this type appears to be the exchange of acyl groups between oxygen and nitrogen 
in diacyl derivatives of o-aminophenol (Bell, J., 1931, 2962). 

A further notable difference between the changes now described and those recorded by 
Smiles and others (/occ. cit.) lies in the means by which they are effected. Whereas the 
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latter rearrangements take place only under strongly alkaline conditions, those now 
described are inhibited or strongly retarded by the presence of ions. They are, however, 
actively promoted by a wide range of basic and hydroxylic solvents such as pyridine, 
aniline, monohydric alcohols, glycerol, and aqueous solutions of the lower fatty acids 
(except formic acid), and these, it may be observed, have very low electrolytic dissociation 
constants. Un-ionisable solvents, on the other hand, whether polar (e.g., nitrobenzene, 
benzonitrile, acetone, chloroform) or non-polar (e.g., benzene), are inactive. So, too, is the 
strongly basic piperidine. Aqueous solutions of the effective solvents act more rapidly 
than do the solvents themselves, although water alone effects the change relatively slowly. 
This fact may perhaps be ascribed to the breaking up by the water of associated groups of 
solvent molecules. 

A survey of the observations suggests that the action of these media in promoting the 
change is due in part to the presence of undissociated but ionisable molecules of solvent 
and in part to the influence of the lone electron-pairs of the oxygen and nitrogen atoms of 
the solvent molecules. The catalysis of the intramolecular rearrangement of certain 
aldoximes has been ascribed by Taylor and D. C. V. Roberts (J., 1933, 1439) to a somewhat 
similar action of undissociated molecules of certain electrolytes (e.g., LiCl, HCl). 

The present rearrangements are also effected by the action of heat. Intramolecular 
changes brought about by this means have been described by Chapman (J., 1927, 1743). 

The materials used in the above investigation were synthesised by standard methods. 
3-Amino-p-cresol condensed readily both with 1-chloro-2 : 4-dinitrobenzene and with 
picryl chloride to yield the corresponding hydroxydiphenylamines (II, R = H; IV), and its 
sodium derivative reacted with the same chloronitrobenzenes to produce the isomeric 
aminodiphenyl ethers (I, R = H; III). 


EXPERIMENTAL. 


3-Nitro-p-cresol (5 g.) in 2N-sodium hydroxide (200 c.c.) was treated at 100° during } hour 
with sodium hydrosulphite until the liquid was decolorised, and 3-amino-p-cresol precipitated 
with acetic acid. 

2’ : 4'-Dinitro-2-hydroxy-5-methyldiphenylamine (II; R = H).—3-Amino-p-cresol (6-1 g.), 
1-chloro-2 : 4-dinitrobenzene (10-1 g.), and sodium acetate (4 g.) were heated in alcohol (100 c.c.) 
for 2hours. Addition of water precipitated the diphenylamine in 85% yield. It formed bright 
red needles from alcohol and deep red prisms from benzene or glacial acetic acid, m. p. 183° 
(Found: C, 54-3; H, 4:2. C,,;H,,0,;N, requires C, 54-0; H, 3-8%). The substance exhibits 
chromoisomerism, the red needles rapidly darkening to deep red-brown (m. p. unchanged) on 
exposure to the air. The sodium derivative (purple plates) is insoluble in aqueous caustic soda. 
The acetate separated in bright yellow, matted needles when water was added to a pyridine— 
acetic anhydride solution of the diphenylamine which had been boiled for a few minutes; after 
recrystallisation from alcohol, it had m. p. 191° (Found: N, 12-6. C,;H,,;0,N, requires N, 
12-6%). The o-nitrobenzoate, prepared from the diphenylamine, o-nitrobenzoyl chloride, and 
sodium carbonate in acetone, crystallised from benzene in yellow plates, m. p. 167°, slightly 
soluble in alcohol (Found : N, 12-6. C,3H,,0O,N, requires N, 12-7%). The p-toluenesulphonate 
separated from benzene in bright yellow, thin, matted needles, m. p. 221° (Found: N, 9-15. 
Cy5H,,0,N,S requires N, 9-4%). 

2’ : 4’-Dinitro-2-amino-4-methyldiphenyl Ether (I; R = H).—3-Amino-p-cresol (6-15 g.), 
dissolved in ethyl alcohol (60 c.c.) containing sodium (1-15 g.), was added at room temperature 
to 1-chloro-2 : 4-dinitrobenzene (10 g.) in alcohol (40 c.c.). After 3 hours the solid was collected 
(the filtrate contained a substantial amount of the isomeric methyldiphenylamine), washed with 
alcohol and with water (yield, 55%), and recrystallised from benzene, forming bright yellow 
plates of the diphenyl ether, m. p. 142° (Found: C, 54:2; H, 4:3. C,,;H,,0,;N, requires C, 54-0; 
H, 38%). Treatment of the diphenyl ether with hot aqueous caustic soda yielded a purple 
solid, which proved to be the sodium derivative of the isomeric diphenylamine. Warmed 
solutions of the ether in pyridine, aniline, ethyl alcohol, and glycerol rapidly turned red and 
in all cases the isomeric hydroxydiphenylamine was isolated from the solutions. The rearrange- 
ment took place at room temperature in aqueous solutions of pyridine, alcohol, acetic acid, and 
propionic acid, and was also effected by maintaining the ether above its melting point for 30 
minutes, and by long contact of the ether with hot water. Solutions of the ether in formic acid 
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(pure and aqueous), acetic, and propionic acids, piperidine, nitrobenzene, and benzonitrile all 
at 100°, and in benzene, chloroform, acetone, and ether at their boiling points were stable, 
whilst contact with various aqueous alkalis effected the change relatively slowly. 

The acetyl derivative, prepared by shaking the ether (2 g.) with acetic anhydride (5 c.c.) and 
dilute acetic acid (10 c.c.), crystallised from benzene in colourless plates, m. p. 146° (Found: N, 
12-75. .C,;H,,0,N, requires N, 12-6%). When the colourless solution of this substance in 
pyridine or alcohol was warmed, it became yellow; dilution yielded a yellow solid, m. p. 191° 
(recryst.), which was identical with the O-acetyl derivative of the isomeric diphenylamine. 
The o-nitrobenzoyl derivative, prepared in cold acetone in presence of sodium carbonate, crystal- 
lised from benzene in colourless prisms, m. p. 214° (Found: N, 12-85. Cy9H,,O,N, requires 
N, 12-7%), which under conditions similar to those mentioned above underwent rearrangement 
to the corresponding O-acyl derivative of the diphenylamine. When the o-nitrobenzoylation of 
the ether was carried out in warm acetone, only the yellow product of rearrangement, m. p. 167°, 
was obtained. 

Hydrolysis of both the above acyl derivatives with alkali was accompanied by rearrangement 
to the hydroxydiphenylamine. ; 

2’: 4 : 6'-Trinitro-2-hydroxy-5-methyldiphenylamine (IV) resulted when 3-amino-p-cresol 
(3 g.) in alcohol was treated under reflux for 3 hours with picryl chloride (6-1 g.) in presence of 
sodium acetate. Dilution of the reaction mixture yielded bright scarlet needles of the triniiro- 
diphenylamine, m. p. 177° after recrystallisation from alcohol (Found: C, 47:0; N, 16-8. 
C13H ON, requires C, 46-7; N, 16-7%). The substance was soluble in cold dilute caustic soda 
solution, but the warm reagent caused elimination of nitrous acid and formation of 1 : 3-dinitro- 
8-methylphenoxazine (V1), which was difficultly soluble in alcohol and benzene but crystallised 
from glacial acetic acid in deep crimson plates, m. p. 239° (decomp.) (Found: C, 54-0; H, 3-7; 
N, 14-9. C,;H,O;N; requires C, 54-3; H, 3-15; N, 146%). Treatment of (IV) with acetic 
anhydride and pyridine yielded the acetate, which crystallised from acetic acid in orange needles, 
m. p. 159° (Found: N, 15-1. C,;H,,0,N, requires N, 14-9%). 

2’: 4’ : 6'-Trinitro-2-amino-4-methyldiphenyl Ether (I11).—3-Amino-p-cresol (6 g.) in absolute 
alcohol (70 c.c.) in which potassium (2 g.) had been dissolved was slowly added to picry] chloride 
(12 g.) in alcohol (100 c.c.), maintained below 20°. After 3 hours the solid was isolated (yield, 
50%), washed with water and with alcohol, and recrystallised from acetone, forming small, 
bright yellow prisms, m. p. 241° (decomp.) (Found: N, 16-6. C,,;H,O,N, requires N, 16-7%). 
The isomeric picrylphenylamine was obtained as a by-product. The picryl phenyl ether was 
insoluble in alcohol and ether and only slightly soluble in glacial acetic acid. It was unchanged 
by cold aqueous caustic soda, but in contact with the warm reagent a red liquid and a deep 
red solid were rapidly formed. The former on acidification yielded in small amount a substance 
identical with (IV), indicating that part of the material had undergone intramolecular rearrange- 
ment. The red insoluble solid separated from glacial acetic acid in deep red prisms, m. p. 227°, 
of a phenoxazine (Found: N, 14-5. C,;H,O;N; requires N, 14-6%), which depressed the m. p. 
of (VI) and is probably the isomeride (V). The behaviour of the trinitro-ether with pyridine 
was similar to that observed with aqueous alkali. 


Kine’s CoL__EGE, Lonpon, W.C. 2. [Received, March 3rd, 1934.] 





NOTES. 


A New Addition Compound of Phenol and Hexamethylenetetramine. By L. H. Smitu and 
K. N. WELCH. 


In the reaction between formaldehyde, ammonia, and phenol it has been found that besides 
the well-known addition product, C,H,,.N,,3C,H,O, of Moschatos and Tollens (Annalen, 1892, 
272, 271) there is produced a compound, C,,H,,ON, (Found: C, 61-6; H, 7-5; N, 23-9. 
C,,H,,ON, requires C, 61-8; H, 7-7; N, 23-9%), which crystallises from alcohol in elongated 
prisms, m. p. 176—176-5° (decomp.). The latter appears to be a 1: 1 addition compound of 
hexamethylenetetramine and phenol, since (1) it may be also prepared by crystallisation of an 
equimolecular mixture of phenol and hexamethylenetetramine from alcohol; (2) crystallisation 
of the compound from water in the presence of excess of phenol gives the well-known 1: 3 
addition compound; (3) shaking of its aqueous solution with ether extracts phenol (identified 
by m. p. and as s-tribromophenol), while hexamethylenetetramine remains in the aqueous 
3B 
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solution (identified by m. p. and as the “ nitroso” compound) (Griess and Harrow, Ber., 1888, 
21, 2737). 

The 1 : 1 addition compound is the more stable in the presence of alcohol, since on repeated 
recrystallisation from that solvent the 1 : 3 addition compound progressively loses phenol and 
is converted into the 1: 1 compound. 


The authors thank Prof. Ewart for directing their attention to the production of this com- 
pound in certain preserved biological specimens.—UNIVERSITY OF MELBOURNE. [Received, 
April 19th, 1934.]} 





The Preparation of p-Dimethylaminobenzyl Alcohol. By L. H. Smitu and K. N. WELcH. 


By the action of potassium hydroxide on p-dimethylaminobenzaldehyde Rousset (Bull. Soc, 
chim., 1894, 1, 318) obtained a solid, m. p. 62°, which he described as p-dimethylaminobenzyl 
alcohol. Braun and Kruber (Ber., 1912, 45, 2978) and Clemo and Smith (J., 1928, 2423) 
could not repeat his result. Geigy & Co. (D.R.-P. 105,105) obtained the “‘alcohol”’ by the action 
of formaldehyde on dimethylaniline, but Cohn (Chem.-Zig., 1900, 24, 564) was unable to do so, 
Braun and Kruber upheld the claim of Geigy & Co. and stated that they had obtained a 2% 
yield of the alcohol. Clemo and Smith, however, showed that the true alcohol, obtained (in 
20% yield) by reduction of p-dimethylaminobenzaldehyde, did not correspond either in its 
physical properties or in those of its derivatives with the material obtained by Rousset or with 
that obtained by Braunand Kruber. By modification of the method of Geigy & Co. the alcohol 
corresponding in properties with that described by Clemo and Smith has now been obtained 
in yields of 55—65% of the theoretical, allowing for recovered dimethylaniline. -Dimethyl- 
aminobenzy] alcohol is extremely sensitive to traces of acids, especially at a high temperature; 
moreover, the reaction of formaldehyde with dimethylaniline is probably reversible. The 
following modifications were therefore adopted. 

A mixture of dimethylaniline (60 c.c.), concentrated hydrochloric acid (100 c.c.), and 40% 
formalin (400 c.c.) was kept at 37° for 48 hours. The product was then cooled in a freezing- 
mixture and, after the addition of ice (160 g.), an excess of concentrated sodium hydroxide 
solution was gradually added, the temperature not being allowed to riseabove 0°. The separated 
bases were extracted and partially dried (calcium chloride) in ether, the ether was evaporated 
on a water-bath, water and gaseous formaldehyde were removed at about 80°/20 mm. (this 
treatment was necessary in order to obtain a high vacuum during the final distillation), and the 
product was finally distilled under 1 mm. from a Claisen flask fitted with a short Vigreux frac- 
tionating column in the side limb. Dimethylaniline (20 g.) was recovered below 122°/ca. 1 
mm. and 29-5 g. of the alcohol, b. p. 122—128°/ca. 1 mm., were isolated, leaving a residue (8 g.) 
consisting largely of 4: 4’-tetramethyldiaminodiphenylmethane. It is advisable to carry out 
all stages of the preparation from the neutralisation to the final distillation rapidly, consistent 
with the maintenance of as low a temperature as possible. 

On redistillation p-dimethylaminobenzy] alcohol was obtained as a very pale yellow oil with 
a faint pleasant smell, b. p. 125°/1 mm, (Found: N, 9-2. Calc.: N, 9-3%), jf 1-5727, di: 
1-059, hence [Rz]p 47-00 [calc. from R, (benzyl alcohol) + R, (dimethylaniline) — R, (benzene), 
47-02]. It is oxidised rather readily on exposure to air and after some time p-dimethylamino- 
benzaldehyde can be detected by its characteristic reaction with indole. 

The methiodide of the alcohol, obtained after the method of Clemo and Smith, had m. p. 
232°, and the benzoate had m. p. 88—89° [Clemo and Smith give 232° (decomp.) and 91° re- 
spectively], but the m-nitrobenzoate could not be prepared.—UNIVERSITY OF MELBOURNE 
(Received, April 19th, 1934.] 





160. Physical Relationships amongst the Hydrides of Elements of the 
Fifth Group with Special Reference to Association in these Compounds. 


By AGNnes A. DuRRANT, THOMAS G. PEARSON, and PERcy L. RoBINson. 


A RECENT investigation of the hydrides of the sixth-group elements (Robinson and Scott, 
J., 1932, 972) afforded interesting results; for instance, the association of water and 
hydrogen sulphide was clearly shown by comparison of the surface tensions. The work has 
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now been extended to hydrides of elements of the fifth group, for which little data were 
available, and has demonstrated the association of ammonia and phosphine. The latent 
heats of vaporisation at the boiling point, when plotted against period number, show an 
upward inflexion corresponding to that in similar plots of the boiling point and the surface 
tension; this is attributed to association of the compounds, ammonia being bimolecular 
at the boiling point, and still more complex at lower temperatures, in accordance with its 
other relationships with water. 

The values deduced for the parachors of these compounds from our liquid-density and 
surface-tension measurements indicate a positive anomaly in those of phosphine, arsine, 
and stibine; this finds a parallel in the negative anomaly in hydrogen chloride, bromide, 
and iodide, but the hydrides of the intermediate group sulphur, selenium, and tellurium 
are normal. An adequate explanation of this transition is discussed in the next paper, 
surveying the periodic relationships of the physical properties of the volatile hydrides in 
the light of new data. 2 

EXPERIMENTAL. 


Materials —Commercial synthetic ammonia was, before fractionation, washed with 50% 
potassium hydroxide solution and dried over soda-lime, potash pellets, and, finally, freshly 
burned quicklime. It has been stated (Biltz, Ber., 1894, 27, 1258; Gutmann, Annalen, 1898, 
299, 267), contrary to the experience of Baker (J., 1893, 78, 422), that phosphoric oxide is 


Fic. 1. 
To pump 














A 6% CHRO € F CH Ih A 


inadmissible as a drying agent for ammonia, since it reacts with it; but we found that if the 
ammonia is carefully dried over quicklime and the pentoxide is fresh and free from lower oxide, 
there is no reaction between the two compounds; with insufficiently dried gas, however, 
reaction occurs with formation of a semi-fluid mass and the evolution of much heat. 

Phosphine, prepared from yellow phosphorus and potassium hydroxide solution in pure 
hydrogen, was passed through concentrated hydrochloric acid to remove liquid hydrogen phos- 
phide, and then through aqueous potassium hydroxide. It was dried over fused calcium 
chloride, potash pellets, and phosphoric oxide, and condensed at about — 180° in a glass vessel 
in which it was sealed in a vacuum; it was then fractionated as required. Neither as liquid 
nor as gas was the purified material spontaneously inflammable when exposed to air. 

Arsine was prepared in pure hydrogen by slowly dropping (2 hours) a solution of arsenious 
oxide (20 g., A.R.) in freshly boiled hydrochloric acid (250 c.c. acid; 50 c.c. water) on pure 
magnesium (50 g., stick or turnings) in a 750 c.c. round-bottomed flask cooled in water. The 
reaction products passed through aqueous potash into successive tubes (25 cm. long) containing 
potash pellets, fused calcium chloride, and phosphoric oxide, and thence to a vessel, immersed in 
liquid air, protected by a long guard-tube containing phosphoric oxide and leading to the fume 
shaft. 18 G. of magnesium were dissolved and 8 g. of almost pure arsine formed, which was at 
once transferred to the fractionating system (Fig. 1), where it was finally purified and distributed. 

Stibine was prepared from freshly boiled, pure 4N-hydrochloric acid and an alloy made by 
heating to bright redness magnesium (coarse filings, 300 g.) and high-grade antimony (powder, 
200 g.), in pure hydrogen, the pulverised alloy being added to the acid out of contact with air 
through a special hopper. A stream of pure hydrogen carried the stibine through a purifying 
train identical with that used for the arsine to a condensing vessel where 10 g. of stibine were 
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collected for every 250 g. of alloy used. It was immediately transferred to the vacuum frac- 
tionating and distributing system (Fig. 1). 

The vessel A, containing the preparation at — 180°, was connected through dry pressure 
tubing and a tube containing phosphoric oxide and the tap 7, to the carefully dried system, 
which was then evacuated (0-0004 mm.) by opening JT, to vessel A. All taps save T, were closed, 
and the liquid was distilled, with A in a bath at — 75°, through B into C, which was kept at 
— 180°. With 7, closed, the material, now in an all-glass apparatus, was separated into fractions 
by distillation from a vessel 45° below the b. p. of the liquid into condensers at — 180°. After 
5 minutes at the evaporating temperature, with T, closed, the liquid in C was allowed to distil 
into D by opening 7, for ten seconds. 7, was then closed for 5 minutes, and the process re- 
peated until one-third of the material had been transferred. A middle third was similarly 
brought into E. The residue was collected in D. After having been deprived of small head 
fractions, the middle fraction was transferred to J, and tap 7, closed. The vapour pressure of 
the liquid was ascertained at a series of temperatures by surrounding J with appropriate thermo- 
static baths, the purity of the specimen being demonstrated by the absence of change in the 
vapour pressure with the removal of successive head fractions. After these measurements, the 
material was appropriately distributed between the various vessels; G for density, H for surface 
tension, and J form. p. and b. p. Details of the operations involved and of the methods em- 
ployed in the various measurements have already been described (Mills and Robinson, J., 1927, 
1823; Pearson and Robinson, J., 1932, 652; Robinson and Scott, ibid., p. 972), and only 
departures therefrom are here noted. 

Density.—The pressures developed at room temperature by these hydrides when sealed up 
necessitated the use of thick-walled bulbs. This increased insulation of the liquid led to the 
adoption of thermostatic baths, in place of those in which the temperature was allowed to rise 
slowly : these proved so convenient that they have been used in all subsequent work. The 
bulbs were kept at the several temperatures until the readings were constant, usually in about 
30 minutes. Furthermore, as a check against the effect of distortion through the high pressures, 
the Pyrex pyknometers were recalibrated after each experiment, but no perceptible change was 
detected. 

Densities (g./c.c.) of liquid hydrides. 














Phosphine. Arsine. Stibine. 
= = a + 
Vol. (c.c.) of Vol. (c.c.) of Vol. (c.c.) of 
Temp. 0°5965 g. d. Temp. 1°3027 g. d. Temp. 0°5534 g. d. 
— 57°5° 0°8330 0°7161 0° 0°9014 1-445 0° 0°2574 2-150 
— 60°2 0°8280 0°7204 — 10 0°8846 1-473 — 10 0°2536 2-182 
— 69°0 0°8118 0°7348 — 20 0°8678 1-501 — 25 0°2483 2°229 
— 715 0°8073 0°7389 — 30 0°8507 1531 — 40 0°2431 2-276 
— 874 0°7794 0°7653 — 40 0°8340 1-562 — 50 0°2396 2°310 
— 50 0°8174 1594 
— 60 0°8006 1-625 


Although McIntosh and Steele (Phil. Trans., 1906, 205, 99; Z. physikal. Chem., 1906, 55, 
140) had measured the density of liquid phosphine, we repeated the measurement because their 
specimen had a slightly high vapour pressure (see Stock, Henning, and Kuss, Ber., 1921, 54, 
1119; Henning and Stock, Z. Physik, 1921, 4, 226). Our results (see below) were uniformly 
higher, and as a check we remeasured the coefficient of expansion on an independent sample; 
the two results, viz., 0-002275 and 0-002269, agreed. Two independent samples of highly purified 
liquid arsine gave closely agreeing densities and almost identical coefficients of expansion, viz., 
0-00200 and 0-00195. The density of liquid stibine found by Stock and Guttmann (Ber., 1904, 
37, 885), viz., 2-26 at — 25° and 2-34 at — 50°, was slightly higher than ours, and we repeated 
our measurements on a second sample prepared from specially purified antimony kindly supplied 
by the Cookson Lead and Antimony Co. Ltd., Willington Quay-on-Tyne, through the courtesy 
of Mr. C. Cooper, M.Sc. Practically identical results were obtained, the coefficient of cubical 
expansion being 0-00140 between — 50° and 0°. 

Table IV shows the molecular volumes of the compounds at their b. p.’s calculated from the 
present experimental data, and also the mean molecular diameters obtained by utilising the 
Hertz relationship (Z. Elekirochem., 1921, 27, 25): 9 = (M/d)* x 102/42-7 x 10°. 

Melting Points.—The m. p. of ammonia given in Table IV is generally accepted; that of 
phosphine is due to Olchewsky (Monaish., 1886, 7, 372; Anz. Akad. Krakau, 1908, 375, 483). 
Two independent specimens of arsine had m. p. —111-0° and — 111-5°; Olchewsky (Monatsh., 
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1884, 5, 127; Phil. Mag., 1895, 39, 188) gives — 113-5°. Similarly, two preparations of stibine 
melted at —89-7° and —90-3°; previous values are —91-5° (Olchewsky, Monatsh., 1886, 7, 371; 
Ber., 1901, 34, 3592) and — 88° (Stock and Doht, Ber., 1902, 35, 2270). 

Boiling Points.—The b. p. of phosphine is given as — 87-4° (Henning and Stock, Z. Physik, 
1921, 4, 226), — 85° (Olchewsky, Joc. cit.), and — 86-2° (McIntosh and Steele, Phil. Trans., 
loc. cit.). Olchewsky (loc. cit.) found arsine to boil at — 54-8°, and Schlundt and Shaefer (J. 
Physical Chem., 1912, 16, 253) at ca. — 70°. Our value lies precisely on our log,,p—1/T curve 
and agrees with that deduced from Faraday’s vapour-pressure measurements. Our value for 
stibine (— 17-1°/751-1 mm.) agrees with that of Stock and Doht (loc. cit.), viz., — 17-0°/760 mm, 

Vapour Pressure and Latent Heat of Vaporisation.—The accepted vapour pressure of ammonia 
has been used to calculate the molecular heat of vaporisation at the b. p. (Ap, p.), and the results, 
together with those from direct measurement, give a mean value of 5-65 kg.-cal.; the derived 
Trouton’s constant indicates association in the liquid. McIntosh and Steele (/oc. cit.) and 
Briner (J. Chim. physique, 1906, 4, 476) measured the vapour pressure of phosphine, but Stock 
found slightly lower values. From the mean values, Ap, p, is 3-85 kg.-cals., and Trouton’s 
constant is normal. 








TABLE I. 
The vapour pressure of arsine and stibine. 
Temp., Press., Temp., Press., 
Observers. * i. mm, log p. Observers. °K, mm. log p. 
Arsine. Stibine. 

D., P. & R....... “180°5° 1163 20656 D.,P.&R. ... 212-7° 98°78 19948 

a 198°2 335°5 2°5256 a ... 243°6 459°20 2-6620 

i. igaeilaaa 212-4 697°9 2°8438 ” --. 256°5 743°35 2°8712 

i. 2 mean 214°5 767°0 2-8848 Z ... 255°9 751°05 2°8756 

i, ékttnhamasnaevenas 214°0 760 2°8808 5 geen eee 256-0 760°0 2°8808 
CR, scueettbtnatasnns 218-2 ca. 760 2°8808 
>) a 203-0 ca. 760 2-8808 


D., P. & R= Present authors; F. = Faraday; O. = Olchewsky; S. & S. = Schlundt and Shaefer; 
S. & D. = Stock and Doht. 


Table I gives the vapour-pressure data for arsine and stibine. The agreement between our 
results and those of Faraday (Phil. Trans., 1845, 185, 155) is noteworthy. The values for arsine 
may be expressed in a Nernst vapour-pressure equation of the form. 


€ 
08 P= 2573 T e573 * ° 
[49 = molecular heat of vaporisation at 0° K.; T = temp. (°K.) at which vapour pressure = 
p; « and ¢ are constants], yielding 
log p = — 787-5/T + 1-75 log T — 0-0000565T + 2-4948 
from which A, = 3-602 kg.-cals., « = 0-0002584, and 
Av. p. = (A + 3°5Tp. p. — eT}.p.)(1 — Plt) 
whence, neglecting p/m, which is small, A». p, = 4:34 kg.-cal. Trouton’s constant is normal. 
From one of Nernst’s relationships, the conventional chemical constant is given by the equation 
+ = 1-33 log T), p, — 0-000987), ,. = 2-8911. For stibine, 
log p = — 1070/T + 1-75 log T — 0-002416T + 3-4083 


from which dg = 4:895 kg.-cal., « = 0-01105, and Ap, p, = 5-067 kg.-cal.; Trouton’s constant 
is again normal. 

Surface Tension and Parachor.—The surface tension of ammonia was found by Berthoud 
(J. Chim. physique, 1918, 16, 434; Helv. Chim. Acta, 1918, 1, 84) to be 23-38 dynes/cm. at 11-1°, 
18-05 at 34-05°, and 12-95 at 58-98°; we confirmed these (Table II), although, when extrapolated 
they disagree with Grunmach’s value (Ann. Physik, 1901, 4, 367). 

As McIntosh and Steele’s determination of surface tension (Joc. cit.) may have been affected by 
the error in their liquid density (p. 732), we recalculated the values, using our own liquid densities. 
These results, together with those for arsine and stibine, not previously determined, are recorded 
in Table II. 

Walden (Z. physikal. Chem., 1909, 65, 224) has shown that the surface tension of a liquid 
may be obtained with fair accuracy from the relationship 


Yb. p. = To.p, 2°15 log Ty. p./MV >». p. 
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The comparison between calculated and observed values (Table III) shows agreement except 
for ammonia, in which the considerable divergence is to be explained by association. 


DISCUSSION AND SUMMARY. 


The physical properties of the hydrides of the Group V B elements are collected in 
Table IV and in Fig. 2. The Ramsay-Shields constants, K=d[y(M/d)§]/dt, and the 


Fic. 2. 





O= Boiling point (°K) 

O= Latent heat (ca/s.) 

©= Melting point (°K) 
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Trouton’s constants indicate that, whereas arsine and stibine are normal liquids, phosphine 
and, to a much greater extent, ammonia are associated. 


TABLE II. 


The surface tensions and parachors of ammonia, phosphine, arsine, and stibine. 


Series. Temp. d. y: [P}. Temp. d. y- [P}. 
Ammonia. Phosphine. 








0°7091* 39°15 60°06 — 87°4° 0°7652 20°4 
0°7040* 38°30 j — 93°1 0°7746 21°6 
0°6879* 35°56 ‘ — 1012 0°7881 23°0 
0°6823* 34°39 . 

0°6814* 34:06 


Arsine. Stibine. 

2-310 29°18 125-9 
2-276 27°67 125-9 
2-245 26°16 126-0 
2-213 24°64 126-0 
2-204 24°19 125°9 
2-182 23°13 125°8 
2-152 21-62 125°6 


* Cragoe and Harper (‘ The specific volume of liquid ammonia,” Washington, 1921). 








1°625 22-20 104-4 
1621 21-98 104°4 
1-594 20°40 104°3 
1-563 18°60 104°3 
1-531 16°81 104-0 
1502 15°08 103-6 
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es38883 
2666566 





amongst the Hydrides of Elements of the Fifth Group, etc. 735 


TABLE III. 
Surface tensions at the respective boiling points. 


PH,. AsHy. SbH,. 
20°59 21-98 24-19 
iat MA. shinaicskiooseaniie 20°33 22°31 23-40 


TABLE IV. 
The physical properties of the hydrides of the elements of Group V. 


Compound. NHs3. PHs. AsHs3. SbH3. 
132°5° 52-0° — —_ 
— 33°3° — 87°4° — 58°5° — 17:0° 
5°65 3°83 4°34 5:08 
— 77°7° — 132°5° — 111°2° — 88°5° 
0°681 0°765 1-621 2°204 
180 227 195 140 
Mol. vol. at b. p. 25°00 44-50 48°11 56°62 
Mol. diameter x 10° 6°985 8°273 8:690 9°173 
dy [db (ODB.) .....cccccccccccccrcccccscoccereses ow fon - 0°178 0-180 0°161 
— to — ,i° . . . 
— 39° to —33°, 1-59 1-79 2°10 1°87 
Trouton’s constant 23°56 20°63 20°26 19°80 


Chem. const., 4 2°931 2°841 2-891 2°951 
Mean mol. parachor 60°39 94°65 104°2 125°9 


The anomaly shown by ammonia with respect to the Walden relationship has definite 
significance, for our examination of the validity of the relationship for numerous liquids 
shows agreement of the order of +-0-5 dyne/cm. between the calculated and the observed 
values for all normal liquids, and, with the exception of hydrogen fluoride, a much higher 
calculated value for associated liquids. 

The surface tensions of the elements, when plotted against the period number, show a 
slight upward inflexion at phosphine, and a pronounced one at ammonia (see Fig. 2). 


Similar inflexions are shown in the analogous graph for the boiling points, in conformity 
with Robinson and Scott’s suggestion (loc. cit.) that both these properties, when thus plotted, 
give similar curves wherein anomalies arising from association are clearly shown. The 
associated nature of ammonia and phosphine being accepted, the inflexions in the plots 
of the molecular heats of vaporisation at the boiling point must also, as tentatively sug- 
gested by Paneth and Rabinowitsch (Ber., 1925, 58, 1147), be ascribed to the same cause ; 
hence departure from linearity in this property can be safely accepted as evidence of 
association. 

In view of the linear relationship between the period number and the boiling point 
and molecular heat of vaporisation in unassociated liquids, such as the chlorides and the 
alkyls of Group IV elements (Paneth and Rabinowitsch, Joc. cit.), it seems reasonable to 
assume that extrapolation from the higher unassociated members of the series (in the 
present instance arsine and stibine) to the lower periods (phosphine and ammonia) shoul@ 
give values for the physical properties of the latter compounds which they would possess 
were they not associated. This has been done for ammonia with interesting results, the 
extrapolated physical constant being in every case almost exactly half the observed value. 
This ratio can hardly be accidental, for a similar one has been found for the surface tension 
of water (Robinson and Scott, Joc. cit.); it indicates that at its boiling point ammonia is 
largely bimolecular. 


Grateful acknowledgment is made to Capt. F. P. Mills, of the Northumberland and Durham 
Rescue Brigade, for supplies of liquid air, to Mr. C. Cooper, M.Sc., for pure antimony, and to the 
Research Committee of this College for certain apparatus. 


UNIVERSITY OF DURHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-UPON-TYNE. [Received, September 1st, 1933.]} 
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161. The Volatile Hydrides. Part I. Periodicity as a Means of cor- 
recting and supplementing Determined Physical Properties. Part II. 
The Parachor, the Molar Volume at Absolute Zero, and the Electronic 
Structure and Properties of Compounds. 


By Tuomas G. PEARSON and Percy L. ROBINSON. 


Part I. 


FROM a survey of the physical properties of certain volatile hydrides, Paneth and Rabin- 
owitsch (Ber., 1925, 58, 1145) concluded that (i) in any periodic group, melting points, 
molar heats of vaporisation, and molar volumes vary directly with the period number of 
the parent elements, and (ii) the difference in the values of the physical constants of 
contiguous members of a group tends to be the same as that between the corresponding 
inert gases. By using the new and corrected data now available, these deductions, originally 
based on limited evidence, have been shown to be valid, and equally applicable to surface 
tension. Their utility in evaluating undetermined properties is illustrated by recent 
measurements on stibine and arsine, of which the former had a molar heat of vaporisation 
of 5-08 kg.-cals., and the latter a molar volume of 48-11 c.c. (Durrant, Pearson, and 
Robinson, this vol., p. 735), in excellent agreement with the predictions of Paneth and 
Rabinowitsch, viz., 5 kg.-cals. and 48 c.c. With the aid of the generalisations we have 
deduced probable values for certain physical properties of krypton, xenon, radon, methane, 
silane, germane, stannane, bismuthine, and, their existence being assumed, of the hydrides 
of polonium, lead and eka-iodine (at. no. 85). Surface tensions may be calculated from 
the Walden formula, y, , = 7Ty,», < 2°15 log T,,»,/MV,.p,, using extrapolated values of the 
molecular volumes and boiling points, and are in good agreement with figures obtained 
from extrapolation as shown in Tables VI and VIII. 

The extrapolated molar heats of vaporisation give Trouton’s constants of the correct 
order (for an unassociated volatile hydride, 20-5) for every compound, viz., 

SiH,. GeH,. SnH,. PbH,. BiH,. PoH;. (Eka-I)H. 
18°94 19°78 20°36 20°85 19°56 20°06 20°88 

Departures from linearity when physical properties are plotted against period, tentatively 
ascribed to association, are definitely related to this cause, and data for the higher 
unassociated members of a group give, by extrapolation, values ascribable to the uni- 
molecular form of the first member. Data so obtained for ammonia, water, and hydrogen 
fluoride are recorded in Table I, with, for comparison, the observed values for the ordinary 


TABLE I. 


Observed and calculated physical data for ammonia, water, and hydrogen fluoride. 
Ammonia. Water. Hydrogen fluoride. 








— = OE, a ~ 
Obs. Calc. Ratio. Obs. Calc. Ratio. Obs. Calc. Ratio. 
.p. : 239°7 131°5 1-82 373°0 156°5 2°38 292-5 140°0 2-09 
M. p., ° K. 196°0 117°8 1-66 273-0 177-0 1°54 1810 110-0 1°65 
Molar heat of vaporisation 5°65 2°86 2°00 967 3°80 2°55 600 3:04 1:97 
Surface tension 34°25 17°56 1°95 58°9 26°7 2-21 865 21:10 0°41 
Molar volume 25°00 31:09 0-80 18°81 23°5 0:80 20°95 21:30 0°98 


associated species. The ratios of these values indicate that certain physical properties of 
the individual compounds are affected in equal proportion by association, exceptions being 
the melting point, which is probably more controlled by the structure of the solid than by 
the nature of the liquid, and the molecular volume. 

Hydrogen fluoride is exceptional with regard to the last two properties, for whereas 
the first three indicate a degree of association at least equivalent to that of ammonia, 
the surface tension is actually below rather than above the anticipated value. This has 
led us to conclude that association in hydrogen fluoride involves ring formation, ¢.g., 
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Le Py The pronounced polarity expected in the simple molecule, or indeed in an 
open-chain molecule, would then be absent, and the surface orientation in the liquid 


correspondingly altered. A ring structure, moreover, reasonably accounts for the relatively 
high molecular volume, which is anomalous if linear co-ordination only be assumed. By 
decreasing the number of particles per unit of surface, this volume effect should, in turn, 
further reduce the surface tension. These two anomalous properties are of further 


significance (see Part IT). 
Fic. 2. 


Boiling points. 











Freezing points. 








rature, 





e 





i» 


"/ 
io 
Yo 


A 
va 








ee) 
es a 
A 

io ta 


a 


Ss 
Absolute tem 
S 


Ltt 

Fic. 1. Lt 
Pe 

Z 

Z 








‘4 











Absolute temperature. 
8, 8 


7 


-s 












































2 3 4 2 3 
Period number. Period number. 


Physical Constants of the Volatile Hydrides and Inert Gases. 


The sources of the data are denoted as follows : 

A, Paneth and Rabinowitsch, Joc. cit. (where earlier references may be found); B 
Robinson and Scott, J., 1932, 972; C, Durrant, Pearson, and Robinson, /oc. cit. ; D, Pearson 
and Robinson, this paper; E, Simons and Bouknight, J. Amer. Chem. Soc., 1932, 54, 129; 
F, Simons, ibid., 1924, 46, 2179; G, Steele, McIntosh, and Archibald, Z. physikal. Chem., 
1906, 55, 145. 

Figures placed in parentheses in the tables have been obtained by extrapolation. 

Melting and Boiling Points.—The thermal constants are recorded in Table II and 
plotted in Figs. 1 and 2, together with data for the chlorides, methyls, and inert gases. 
Since Whytlaw-Gray and Ramsay’s m. p. for radon (Z. physikal. Chem., 1910, 70, 116) 





Pearson and Robinson : 


TABLE II. 
Melting points and boiling points (°K). 
CH, 89° NH, 196° OH, 273° FH 181° 25° 
111-7 239°7 373 292°5 28 


SiH, 88 PH, 140 SH, 190 ClH 161°5 85 
161 185-7 212-5 188 87:2 


GeH, 108 AsH, 161°8 SeH, 207 BrH 186 104 
184-5 214°5 231°5 204°3 121-3 


SnH, 123 SbH, 184 TeH, 222 IH 222 130 
221 256-0 270 237 165-0 


PbH, (138) BiH, (206°2) PoH, (237) (Eka-I)H ro) (155) 
(256°5) (297°5) (308°5) 270) (211) 
Sources: Groups IV and VII, A; Group VI, B; Group V, C. 


may be high (cf. Paneth and Rabinowitsch, loc. cit.), we have adopted, arbitrarily, 150° K.., 
the value anticipated from analogy with the 
Fic. 3. linear increase of the unassociated Group IV 

Molar heats of vaporisation. alkyls and chlorides. 
OH Molar Heat of Vaporisation at the Boiling 
2 Point.—The molar heats of vaporisation are given 
in Table III and Fig. 3. Recorded data are very 
discrepant, but in many cases numerous individual 
determinations have been made, and we have, 
therefore, taken means, rejecting only Cederberg’s 
results because they are uniformly much higher 
than those of other workers. (Paneth and 
Rabinowitsch took only values deduced from 
vapour-pressure measurements, but these are 
liable to a considerable error from traces of 
impurity, as is evident in much of the earlier 
work.) For hydrogen telluride, Bruylants’ results 
have been preferred to those of Stein (J., 1931, 
2134), for the latter give the unusual value of 16-4 
for Trouton’s constant and show a curvature and 


Py erratic values when log # is plotted against 1/7. 
“a 




















Guntz’s measured value, 7-2 kg.-cals., for hydrogen 
fluoride has been rejected in favour of 5-999 kg.- 
cals. calculated by us from the vapour-pressure 
measurements of Simons (J. Amer. Chem. Soc., 
1924, 46, 2179), which we regard as trustworthy 
since they satisfy the usual Nernst equation. 
: Molecular Volumes.—The molecular volumes 
: are recorded in Table IV and Fig. 4. 
rs In extrapolating, account was taken of the 
Aa uncertainty in the data for radon (Rutherford, 
Phil. Mag., 1909, 17, 723; Whytlaw-Gray and 
igi Ramsay, Joc. cit.), and since the increment (cal- 
culated from Sugden and Garner’s data, J., 1929, 
327, 1298) between tetraethyl-lead and tetra- 
ethyltin is precisely the 8-9 units anticipated from 
linear extrapolation of krypton and xenon, we 
have preferred to use the value 51 in place of the 
5 observed 44-5. 
Surface Tensions.—Of the surface tensions, 
recorded in Table V and Fig. 5, those with an 
asterisk were calculated from the molar volumes in Table IV and the boiling points in 
Table II, by using the Walden formula (p. 736). When compared with the values from 
































3 
Period number. 
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TABLE III. 


Molar heat of vaporisation at the boiling point (kg.-cals.). 


NH, 5°65 OH, 9°67 FH 6-00 
PH, 3°83 SH, 466 ClH 3-88 
AsH, 4°34 SeH, 471 BrH 4°34 
SbH, 5-08 TeH, 5°45 IH 4:99 
BiH, (5°82) PoH, (6:19) (Eka-I)H (5°64) 


Sources: Group IV, C; HF, E; remainder A. 


Fic. 4. 
Molar volumes at the boiling point. 
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TABLE IV. 


Molecular volumes. 
OH, 18°81 
SH, 35°25 
SeH, 40°54 


CH, 38°39 
SiH, 50°55 
GeH, (56°65) 


NH, 
PH, 
AsH, 


25°00 
44°50 
48°11 


FH 
ClIH 


20°95 Ne 
29°64 A 
BrH 37°60 Kr 
SnH, (64°85) SbH, 56°62 TeH, 49°06 IH 45°75 Xe 
PbH, (73°25) BiH, (64°50) PoH, (57°46) (Eka-I)H (54-30) Rn 


Sources: Group VI, B; Group V, C; Group VII, D, E, and G; Group IV, F. 


TABLE V, 
Surface tensions at the boiling point, 


12-80 
15°11 
GeH, (15°80) 
SnH, (17-17) 
PbH, (18-13) 


CH, 
SiH, 


H, 


BiH, 


34-25 
20°59 
21-98 
24°19 
(24°52) * 


OH, 
SH. 
SeH, 
TeH, 


58°9 
28°7 
28°9 
30°0 


PoH, (28°9) * 
Sources: Group VII, BrH, D; CIH and IH, G. 


FH 
ClH 
BrH 
IH 


(Eka-I)H (26-21) * 


8°65 
23°15 
24°90 
26°80 


Ne 
A 

Kr 
Xe 
Rn 
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extrapolation of the surface tensions of lower members of the respective groups agreement 
is satisfactory (Table VI). The values obtained by either of the methods are evidently 
sufficiently accurate for the calculation of the parachor. 


TABLE VI. 


Compound. BiHs. PoHg. (Eka-I)H. 
y, calculated 28°89 26°21 
y, extrapolated 31°10 28°70 


Part II. 


It is known that the parachor of an element varies slightly with the compound of which 
the surface tension is measured. Even in simple cases, free from ambiguity as to the general 
nature of the bonds (covalent, co-ordinate, or electrovalent), such variations are apparent, 
and appreciating this, Mumford and Phillips (J., 1929, 2112) recalculated the parachors 
of a number of elements in a way which made the variations more marked. Other evidence 
of these apparent alterations in molar volume had previously been obtained by Huggins 
(Physical Rev., 1923, 28, 205; 1926, 28, 1086) from the X-ray examination of crystals, 
by Traubenberg and Phillips (Physikal. Z., 1921, 22, 587) from the stopping power of gases 
for «-particles, and by Moles (Anal. Fis. Quim., 1927, 25, 204) and Biltz (Z. anorg. Chem., 
1929—1933) from molar volumes at absolute zero. 

The parachor of hydrogen in the volatile hydrides appeared to present the possibility 
of a quantitative study of this particular phenomenon in a group of closely related simple 
compounds for which many reliable data were available. To realise this it was necessary 
to have, for reference, a series of representative values for the parachor in truly covalent 
compounds. Although accurately determined for many elements on a number of different 
substances, there are certain elements for which it is based solely on a few or divergent 
experimental results. Even admittedly rougher values have, however, shown some marked 
periodicities (Sugden, of. cit.), with, nevertheless, certain striking discrepancies. As 
redeterminations could not be made for all elements, with inadequate existing data, the 
values have been smoothed (a process which in no case involved a change of more than 
2 units). The result is in Table VII, wherein the values of only silicon, phosphorus, selenium, 


TABLE VII. 


Parachors of the elements. 
Cc N O F 
4:8 12-5 7-5 20:0 5-0 25 0-0 
23°6 26° 28-2 29°3 
Si P S Cl 
28°4 39°2 90 48-2 6:1 54:3 —0°3 
10°6 11°1 12°8 13°7 
Ge As Se Br 
39-0 50°3 61-0 7-0 68-0 0-4 
18*2 18°4 19°0 22-0 
Sn Sb Te I 
57:2 11-5 68°7 11°3 80-0 10-0 90:0 00 
19°0 18°5 18°5 187 
Pb Bi Po Eka-I 
76:2 11°0 87-2 11°3 98°5 10°2 108°7 0-0 
antimony, and iodine have been changed from those given by Sugden (oP. cit.), viz., Si from 
27-8 to 28-4; P from 38-2, a mean of only three determinations, to 39-2, by neglecting the 
very discrepant value of Morgan and Daghlien (J. Amer. Chem. Soc., 1911, 38, 657); Se 
from 62-5 to 61-0; Sb from 66-0 (2 determinations) to 68-3; and I from 91 to 90, actually 
the mean of the experimental determinations. In the case of krypton, xenon, and radon, 
for which experimentally determined surface tensions and molar volumes are not available, 
the extrapolated values given in Part I were used to calculate the parachor; the results 
for the first two are close to those suggested by Sugden, viz., 68 and 91 respectively. The 
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values for germanium, bismuth, polonium, and eka-iodine were selected in accordance 
with the values for contiguous elements. 

The parachors of the hydrides set out in Table VIII were derived from experimental 
determinations of liquid density and surface tension, exceptions being the hydrides of 
germanium, tin, bismuth, and eka-iodine, on which determinations were impracticable, 
and for which we have used the extrapolated values (Part I). 


TABLE VIII. 


Parachors of the volatile hydrides. 


Compound ‘ SiH, GeH, SnH, PbH, 
Parachor of compound ; 99°65 112°9 132-0 1512 
Parachor of H in compound ‘ 17°81 18°5 18°7 18°7 
Compound PH; AsH; SbH; BiH; 
Parachor of compound ‘ 94°5 1042 125°9 144°9 
Parachor of H in compound , 18°4 18:1 19°0 19°2 
Compound SH, SeH, TeH, PoH, 
Parachor of compound j 81-7 94°5 115°2 134°5 
Parachor of H in compound : 16°8 16°8 17°6 18:0 
Compound ClH BrH IH (Eka-I)H 
Parachor of compound P 67°38 81-26 104°7 124°5 
Parachor of H in compound ; 13°08 13.26 14:7 15°8 


The results show conclusively that the apparent volume of the hydrogen atom (parachor) 
varies with the nature of the element to which it is bound, from 10-28 in the halogen 
hydride, HF, to 19-20 in the metallic hydride, H;Bi. These differences are ascribed to a 
change in the electrochemical nature and the size of the second atom. The parachor of 
hydrogen is low in its halides, corresponding to the strongly electron-acquisitive character 
of the halogen, is very probably high (judged by molecular volume) in the alkali-metal 
hydrides, corresponding to the tendency shown by these metals to lose an electron, and is 


normal in methane where the electron sharing isequal. In the combining elements the incre- 
108 90 Gl O83 


ment per electron decreases as the shell approaches completion Si—> P —> S—> Cl—> A. 
The slight alteration resulting from the addition of the ultimate electron (halogen —> 
inert gas) is noteworthy. 

As the number of electron shells increases the parachor increment per electron increases, 


5-0 6-1 7-0 10-0 
O—>» F, S—> Cl, Se —> Br, Te —~> I, evidently through an increase in the screening 
effect. 

The decrease in the parachor of hydrogen from halogen to alkali-metal hydride accords 
well with the current electronic theory and supports the hydrolytic view of ionisation. 
In halides, the hydrogen having evidently lost control of its electron readily accepts two 
from a donor atom and ionisation follows : 


Ho: H:C1—> Eyo>H 1 —> Bpo-H + 


On the other hand, hydrogen in lithium hydride, already strongly negative by reason of an 
electron acquired from the lithium, co-ordinates with one of the hydrogen atoms of water 
and decomposition with the liberation of hydrogen follows : 


+ 7 +, - 
Li:H HB >o —, ri+ #> B50 —- Li+ H, + On: 


A similar cause accounts for the facilitation of the dissociation of the hydrides of the 
heavier members of Groups V and VI (e.g., SnH,, BiH;, SbH,, TeH,) by moisture and 
for the difficulty experienced in their preparation. Moreover, ionisation in general 
is influenced by the magnitude of the negative charge on the central donor atom in the 
solvent which, apart from the halogens, would be large only in water and ammonia; these 
are excellent ionising solvents. 

The problem of association is also simplified, being in the hydrides necessarily restricted 
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to those of Groups V, VI, and VII, for only these compounds possess a donor atom; 
moreover, since, as in ionisation, the probability of association taking place depends on 
the charge on the donor, it should be considerable in ammonia, water, the hydrogen halides 
(diminishing from the fluoride to the iodide), and present, but very small, in hydrogen 
sulphide and phosphine. This accords precisely with the experimental observations recorded 
in previous communications (Robinson and Scott, J., 1932, 972; Durrant, Pearson, and 
Robinson, preceding paper). 

An interesting relationship is to be found between the parachors of the volatile hydrides 
and their molecular volumes at absolute zero. Biltz and Ruff, and their respective co- 
workers, have carried out an exhaustive series of researches (Z. anorg. Chem., 1926—1933) 
on the latter property. Both schools have treated this as a constitutive function, but, 
whereas Biltz finds the ratio MV,,,,/MVg9 to vary from 1-42, for liquids boiling at 100°, 
to 1-32, for liquids boiling at — 50°, Ruff regards it as constant at 1-412, the value predicted 
by Lorentz. In the volatile hydrides, we find that MV, /MV 6 is constant for the members 
of each periodic group but differs from group to group : 


Group IV. V. VI. VII. VIII. 
MV»v»./MV, 1:25 1:27 1:33 1°35 1:24 


By means of the appropriate group ratio, MV, has been calculated from MV,,,, (Table IV) 
for compounds lacking experimental data, and Table IX, wherein the results are collected, 
shows a general periodicity similar to that displayed by the parachor. 


TABLE IX 


Molecular volumes at absolute zero. 
19°68 OH, 1415 FH 
35°04 SH, 26°50 CiH 
41°32 AsH, 37°87 SeH, 30°48 BbrH 27°30 Kr 26°3 
SnH, (51°88) SbH, 44°59 TeH, 36°88 IH 35-00 Xe 34:9 
PbH, (58°60) BiH, (50°79) PoH, (43°20) (Eka-I)H (40-23) Rn (41°) 
From these data emerges another relationship, v7z., that [P]/MVo is a constant character- 
istic of each group, the few associated members being excluded (Table X). Molecular 
volume at absolute zero thus proves, as anticipated by Sugden (J., 1927, 1780, 1786; 
1929, 1055), to be generally a less reliable criterion of the relative volume occupied by a 
molecule than the parachor, which, by the y* factor, allows for association or intermolecular 
attraction. It may thus be understood why, e.g., the atomic volume of hydrogen deduced 
by Biltz and Lemke (Z. anorg. Chem., 1932, 208, 326, Table 5) should appear greater in 
hydrogen bromide than in the selenide or in stibine, which would otherwise be difficult 
to explain. Despite the fact that molecular volume at absolute zero concerns the solid, 


CH, 30°71 NH, 


15°52 Ne 140 
SiH, 40°78 PH, A 
GeH, 


23°70 23°4 


TABLE X. 
Ratios : Parachor |(volume at absolute zero). 


Group 
Period 1 


Ev. 

2°42 
2°40 
2°50 
2°54 
2°56 


| 


V. 
3°00 


VI. 
3°70 





2°70 
2°73 
2°80 
2°85 


3°08 
3°09 
3°11 
3°13 


Vil. 
2°32 
2-80 


VIII. 


1-80 
2°31 





3°10 
3°00 
3°00 


2°60 
2°57 
2°61 


and that at the boiling point the liquid, association in the latter produces no corresponding 
effect in the ratio MV, /MVo, and therefore, association must affect each property equally. 
On the other hand, the constant value of [P]/MV, for the unassociated liquids of each 
group is indicative that each is a function of the same physical property, most probably 
the true molecular volume. 

SUMMARY. 


Part I.—A complete survey of the physical properties of the volatile hydrides has 
been made and it is established (a) that in any group the melting points, boiling points, 
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molar heats of vaporisation, molar volumes, and surface tensions vary directly with the 
period numbers of the parent elements, (b) that the difference in the values of the physical 
constants of contiguous members of a group tends to be the same as that between the 
corresponding inert gases, and (c) that departure from linearity when a physical property 
is plotted against period is due to association. With the aid of these generalisations, 
values for the undetermined physical constants of krypton, xenon, radon, and the 
hydrides of carbon, silicon, germanium, bismuth, polonium, and eka-iodine have been 
ascertained. 

Pari II.—It is demonstrated that the parachor of hydrogen in volatile hydrides has a 
different value according to the element to which it is united, being smallest in the halogen 
hydrides and greatest in the metallic hydrides. The variation is related to known differences 
in the chemical properties of the various hydride types, and is shown to accord well with 
a hydrolytic mechanism of ionisation. A survey of all the existing data has shown that 
the ratio MV,,,./MVo is constant for each periodic group, whilst a comparison between 
parachor and MV, indicates that, for associated liquids, the former provides the more 
reliable means of comparing molecular dimensions. 


UNIVERSITY OF DURHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-UPON-TYNE. [Received, November 30th, 1933.] 





162. The Electrolytic Properties of Hydrogen. Part I. Hydrogen as 
an Anodic Depolariser. Part II. Effect of Anodic Polarisation of 
the Platinum Electrodes. 


By J. A. V. BuTLER and G. ARMSTRONG. 


Part I. Hydrogen as an Anodic Depolaniser. 


TuE liberation of hydrogen at the cathode in the electrolysis of aqueous solutions has been 
extensively studied in recent years both experimentally and theoretically. According to 
Gurney’s theory (Proc. Roy. Soc., 1931, A, 187, 132), the rate of the process is primarily 
determined by the conditions necessary for the transfer of electrons from the cathode to 
hydrogen ions in the solution, 7.e., by the process e +- H+ = H, the subsequent combination 
of hydrogen atoms to form molecules having no influence on the rate. It has been pointed 
out by one of us (Butler, Trans. Faraday Soc., 1932, 28, 379; cf. Hammett, zbid., 1933, 29, 
770; Erdey-Grisz and Volmer, Z. physikal. Chem., A, 1930, 150, 203) that the occurrence 
of the reversible hydrogen potential at platinised electrodes requires that the reverse process, 
which may be represented provisionally as H, = 2H* + 2e, may also take place. There 
is, however, much uncertainty as to the conditions under which such a process may occur. 
Gurney (Trans. Faraday Soc., 1932, 28, 447) suggested that the transfer of electrons from 
molecular (or atomic) hydrogen in the solution to metal electrodes at any appreciable rate 
is prohibited by the quantum-mechanical conditions of the process, and that any reverse 
action which may be observed is due to the ionisation of hydrogen which has been adsorbed 
on or dissolved in the metal. This is supported by the fact that, although there is no 
difficulty in realising the reversible hydrogen potential at platinised platinum electrodes, 
yet a bright platinum electrode placed in a hydrogen-saturated solution usually takes up a 
potential about 0-3 volt more positive than the reversible value and shows no sign of 
approaching the latter even after a considerable time. Also, if such an electrode is anodic- 
ally polarised, only a small amount of depolarisation which could beascribed to such a reverse 
process is observed. However, in a general survey of the behaviour of hydrogen and 
oxygen at platinum electrodes (Proc. Roy. Soc., 1932, A, 137, 604), we observed that, if a 
platinum electrode is first polarised cathodically so as to liberate hydrogen and is then 
polarised anodically, a depolarisation process is observed at about ex = + 0-5 volt. The 
object of these experiments was to examine this process in greater detail and to determine 
whether it is due to the transfer of electrons to the electrode from the hydrogen present in 
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the solution, or to the transfer of hydrogen ions to the solution from hydrogen which has 
been adsorbed or dissolved in the metal during the cathodic polarisation. 


EXPERIMENTAL. 


The electrodes were of bright platinum having an apparent area of 1 cm.*. Their real area, 
as established by measuring the quantity of electricity required to set up the hydrogen or oxygen 
over-voltage (Bowden and Rideal, Proc. Roy. Soc., 1928, A, 120, 59), was 2—3 cm.*. The 
electrolyte was M /10-sulphuric acid prepared from conductivity water and As.T. sulphuric acid, 
twice distilled in a Pyrex apparatus. The electrode vessel consisted of two cylindrical tubes of 
glass, containing severally the electrodes under examination and an auxiliary electrode, con- 
nected by a glass tube which was fitted with a tap that was normally kept closed. The solution 
was freed from oxygen by prolonged boiling at reduced pressure in a stream of pure hydrogen, 
and was then introduced into the electrode vessel, which had previously been freed from oxygen. 
The electrode potentials were measured with reference to a mercurous sulphate electrode in 
sulphuric acid of the same concentration. The potential of this electrode with reference to a 
reversible hydrogen electrode in the same solution is + 0-7372 volt. The potential of the elec- 
trode on the absolute hydrogen scale is thus ¢g = + 0-668 volt, and the ey values were obtained 
by adding this value to the observed E.M.F. 


Fic. 1. 


Anodic curves with various currents (amp. x 10-*) after cathodic polarisation with 112 x 10-7 amp. for 5 
minutes. 
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Behaviour of Electrodes after Cathodic Polarisation with Small Currents.—In the first experi- 
ments the electrode was cathodically polarised for a definite time, and after as short an interval 
as possible a suitable anodic current was passed. Some typical curves obtained after 5 minutes’ 
cathodic polarisation with 112 x 10-7 amp. are shown in Fig. 1. No depolarisation occurs in 
the vicinity of the reversible hydrogen potential, but a well-defined depolarisation appears 
between + 0-3 and + 0-5 volt. For the purpose of this discussion the length of this process is 
taken as the total time to reach + 0-67 volt (0-0 on the experimental scale). The anodic current 
was stopped when the potential had reached + 0-7 in order to avoid the liberation of oxygen 
which occurs at a more positive potential. 

It is difficult to reproduce the curves thus obtained, the behaviour of the electrodes being 
markedly influenced by their previous treatment; ¢.g., in a series of exactly similar experiments 
in which the cathodic polarisation was 740 x 10-7 amp. for 5 mins., and the anodic current 
110 x 10-7 amp., the times to + 0-67 volt were 108, 126, 146, 170, 185, 190, 197 secs. The 
effect of the cathodic polarisations is thus to some extent cumulative. On the other hand, if 
the electrode is originally given first a long and then a series of short cathodic polarisations, the 
length of the cathodic curve gradually falls. The length of the anodic process is thus partly 
determined by the treatment received by the electrode prior to the immediately preceding 
cathodic polarisation. It is therefore necessary to interpret a single or short series of experiments 
with caution. 

Table I shows a series of experiments in which the anodic current was varied. The electrode 
had previously been used for determining a cathodic current-voltage curve and the first anodic 
time was exceptionally long, but after a few repetitions slowly increasing times were obtained 
which are reasonably comparable. 
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TABLE I. 


Electrode polarised cathodically with 112 x 10-7 amp. for 5 mins. (3-4 x 10° coulomb). 
Anodic current started immediately. 
Anodic current (i), amps. x 10-7. Anodic time (#) to +0°67 volt. it (mean), coulombs x 10-3. 
112 (120), (63), 47, 42, 42, 44 0°5 
57 167, 179, 202 1-0 
36 518, 530, 468,* 506* 1°8 
21 1270, 1050 2°2 


* Obtained after the measurements with 21 x 10-7 amp. 


Similar series of experiments were carried out in which the conditions were varied in various 
ways and the following observations were made. 

(1) The length of the anodic process is increased by increasing either the time of the cathodic 
polarisation with a given current, or the cathodic current for a given time. It is difficult to 
obtain any quantitative relation on account of the cumulative effect of successive cathodic 
polarisations, but it is clear that the efficiency of the cathodic process, regarded as the ratio of 
the amount of anodic to the amount of the previous cathodic polarisation, is, under comparable 
conditions, greater for small than for large cathodic currents. For instance, in a series of 
cathodic polarisations with 750 x 10-’ amp. for 5 mins. (22-5 x 10-* coulomb), made after the 
observations of Table I, it was found that successive anodic times with 112 x 10-7 amp. were 
108, 126, 145, 170, 185, 190, 197 secs., giving i¢ (mean) = 1-8 x 10 coulomb. This is greater 
than the corresponding value of Table I, but not in proportion to the increased cathodic polaris- 
ation. Similar results were obtained with other anodic currents. 

(2) The anodic time is reduced by allowing an interval between the cathodic and the sub- 
sequent anodic polarisation; but it is increased somewhat by stirring by bubbling hydrogen 
through the solution during the anodic polarisation. 

(3) After the anodic polarisation, the electrode potential rises in a few minutes to near the 
reversible hydrogen potential. If it is now polarised anodically again without a preliminary 
cathodic polarisation, an appreciable amount of depolarisation occurs, though considerably less 
than after the cathodic treatment. This amount increases only slowly as the interval between 
the first anodic polarisation and the second is increased; but when an electrode has been stand- 
ing at open circuit in the hydrogen-saturated solution for a considerable time, the amount of 
depolarisation is of the same order as after cathodic treatment, This may be illustrated by the 
following series of observations. Initial cathodic polarisation, 750 x 10-7 amp. for 5 mins. ; 
anodic current, 56 x 10-7 amp., time to + 0-67, 170 secs. Subsequent anodic without previous 
cathodic polarisation, 43, 37, 26 secs. After standing 16 hours at open circuit, 248 secs.; after 
5 mins., 7 secs.; after 1 hr., 20 secs.; after 5 mins. with stirring, 4 secs. 


DISCUSSION. 


No depolarisation has been observed near the reversible hydrogen potential, and it may 
therefore be concluded that hydrogen cannot be ionised in this region by anodic polarisation 
under the conditions of these experiments. The well-defined process which occurs at 
+ 0-3 to + 0-6 volt may be due to (1) a metallic impurity which has been deposited on the 
electrode during the cathodic polarisation, (2) the ionisation of hydrogen which is either 
present in the solution or adsorbed on or dissolved in the electrode. The quantity of 
electricity passed during the anodic process is frequently 20—50% of that passed cathodic- 
ally, and although the deposition of minute quantities of metals might occur at the appro- 
priate potential, it is impossible for the current efficiency of such a process, in highly purified 
solutions, to approach such values. We avoided the use of large cathodic currents, with 
which the results might be ambiguous in this respect. The depolarisation is thus due to 
hydrogen in some form or other. 

That the hydrogen present in the solution is inactive in this respect may be inferred from 
the facts that (1) although appreciable depolarisation may be observed with an electrode 
which has been standing in the hydrogen-saturated solution for some hours, yet this cannot 
be repeated until after a similar interval, suggesting that some slow process such as the 
solution of hydrogen in the platinum must occur before it can act as depolariser ; (2) stirring 
the solution during the anodic process somewhat increases the length of the anodic curve, 
but to a much smaller extent than has been observed in known cases of depolarisation by a 
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dissolved substance, ¢.g., in the cathodic depolarisation by dissolved oxygen (Armstrong, 
Himsworth, and Butler, Proc. Roy. Soc., 1933, A, 148, 89). 

It is therefore reasonable to conclude that the depolariser is hydrogen either adsorbed 
on or dissolved in the metal. If the depolariser were a definite amount of adsorbed hydro- 
gen, the quantity of electricity (7/) required to effect the depolarisation would be independent 
of the anodic current employed, but if hydrogen is also present in the interior of the metal 
this quantity will depend also on the amount of hydrogen which can reach the surface by 
diffusion during the depolarisation. It will therefore be greater the longer the depolarisation 
time, 7.e., the smaller the current. The comparable data of Table I show that the second 
alternative is in accordance with the facts. 

If this view is correct, it follows that with a small cathodic current a considerable part 
of the hydrogen liberated passes into the platinum, and the experiments indicate that the 
proportion increases as the cathodic current is decreased. In these circumstances the diffi- 
culty of obtaining constant anodic times is easily understood. The length of the anodic 
curve will depend on the amount of hydrogen which can reach the surface of the electrode 
during the anodic polarisation, and this will be determined not only by the amount de- 
posited by the previous cathodic treatment, but also by the amount and distribution of the 
hydrogen originally present in the electrode, and by the interval between the cathodic and 
the anodic treatment, during which the hydrogen deposited near the surface can diffuse 
into the interior of the platinum. That a single anodic polarisation does not remove all 
the hydrogen in the electrode is shown by the appreciable amounts of depolarisation ob- 
served in successive anodic polarisations, without intervening cathodic treatment. These 
experiments also show that the hydrogen of the solution passes into the platinum and 
becomes available as a depolariser at a very slow rate, and a considerable amount of de- 
polarisation is observed without the preliminary cathodic treatment only when the electrode 
has been standing in the solution for a long time. 


Part II. Effect of Anodic Polarisation of the Platinum Electrodes. 


BEANS and HAMMETT (J. Amer. Chem. Soc., 1925, 47, 1215) observed that the “ catalytic 
activity ” of a bright platinum-electrode was much increased by anodic polarisation or by 
treatment with oxidising agents followed by cathodic polarisation. Bowden (Proc. Roy. 
Soc., 1929, A; 125, 446) found that when an electrode had been successively polarised 
anodically and cathodically in solutions containing hydrogen, a lengthy arrest appeared 
in the subsequent anodic polarisations, in the anodic curve near the reversible hydrogen 
potential. He attributed this to an increase in the catalytic activity of the platinum 
surface, caused by the successive formation and reduction of a superficial layer of oxide, 
whereby it is brought into a state in which it “ readily catalyses the formation of active 
hydrogen from gaseous hydrogen.” In order to elucidate this phenomenon we carried out 
series of successive anodic polarisations in hydrogen-saturated solutions in which the poten- 
tial was progressively taken to more positive values. 


EXPERIMENTAL. 


When a platinum electrode is polarised anodically and the current is not stopped at + 0-7 
volt, a second depolarisation stage is observed which begins at about + 1-1 volts. This stage 
has been studied in some detail (Armstrong, Himsworth, and Butler, Joc. cit.) and shown probably 
to be due to the formation of adsorbed oxygen at the surface of the electrode. It has been shown 
above (p. 745) that if the potential is allowed to reach + 0-7 volt only, the times of successive 
anodic polarisations steadily diminish ; this holds until the second depolarisation stage is reached. 
For example, an electrode which was initially at + 0-3 volt was polarised anodically several 
times to + 1-07 volts with 219 x 10’ amp. The length of the anodic curve gradually dimin- 
ished, until after several such treatments an approximately constant time (8 secs.) was required 
to reach this value. The potential in each polarisation was now allowed to reach + 1-17 volts, 
bringing it just within the region in which adsorbed oxygen is formed. The amount of de- 
polarisation at about + 0-5 volt steadily increased in successive experiments, until after the 
eighth curve it remained approximately constant. 
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A similar series of experiments was now performed in which the anodic polarisation was 
carried 0-1 volt further to + 1-26 volts. The effect of the successive anodic polarisations is 
much greater than in the previous series. The potential at open circuit between the experiments 
rises to near the reversible value. At first the process ® (Fig. 2) at + 0-5 volt increases in 
length, then the shape of the curve begins to change, and finally a well-marked stage («) appears 
near the reversible hydrogen potential. 

The potential in each experiment was now allowed to reach + 1-7 volt, the current being 
increased to 725 x 10-7 amp., since with smaller currents characteristic periodicities appeared 
which will be described later. In the first place, a series of anodic polarisations to + 1-26 volts 
was made (curves 1—7, Fig. 3). When no further marked changes occurred in successive curves, 
the potential was allowed to reach 1-7 volt in each experiment (curves I—VI). The length of 
the stage « was considerably increased in the next anodic curve, and it continued to grow until 
about 12 x 10-* coulomb was required in curve VI to bring the potential to + 0-15 volt. This 
was the maximum extension of the curve in this series, and somewhat shorter curves were 
obtained in succeeding polarisations. 


Fic. 2. 
Successive anodic polarisation to +-1:26 volts (i= 219 x 10-7 amp.). 
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Reversibility of the Electrode after the Anodic Process.—The length of the depolarisation process 
which appears near the reversible hydrogen potential after this anodic treatment is greatly 
influenced by stirring the solution. In one experiment about 25 secs. were required in a number 
of successive anodic polarisations with a current of 1990 x 10-’ amp. for the potenttal to reach 
+ 0-07 volt, whereas when the solution was stirred in a stream of hydrogen, the potential had 
reached only —0-04 volt in 900 secs. (i.e., after the passage of 0-18 coulomb). On stopping the 
stirring, it fell to + 0-07 in 13 secs. In another experiment the stirring was started without 
any interruption of the current when the potential had reached + 0-07. The potential rose 
again to — 0-05 and remained nearly constant, but on cessation of the stirring it fell in a short 
time to more positive values. The depolariser is therefore brought up to the surface of the 
electrode by stirring the solution, and can hardly be other than the hydrogen of the solution. 

Nevertheless, even when the solution is stirred the anodic process does not continue inde- 
finitely. A series of experiments was carried out in which the electrode was repeatedly anodic- 
ally polarised to + 0-07 volt, with 1 min. intervals while the solution was stirred. . The following 
are the successive times taken to reach + 0-07 volt: 60, 77, 54, 51, 49, 43, 40, 48, 40, 37, 24, 22, 
13, 11, 9, 7, 4secs. The gradual decrease in the length of the process must be due to the loss of 
activity of the electrode rather than a failure of the supply of hydrogen, for long stirring after 
the last curve did not increase the time. 

The hydrogen (cathodic) over-voltage of the ‘‘ activated ’’ electrodes is also extremely low. 
Some cathodic curves for electrodes which have been previously polarised to + 1-7 are shown 
in Fig. 3, curves (a)—(d). The potential remains nearly constant a few centivolts above the 
reversible hydrogen potential for a considerable time. It is thus evident that an electrode 
which has been anodically treated behaves as a reversible hydrogen electrode, anodic and 
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cathodic currents causing only a small displacement of the potential from the reversible value. In 
this active state the electrode responds very readily to changes in the py of the solution, and has 
been used in this laboratory for performing electrometric acid—alkali titrations. Good titration 
curves can be obtained with the Hildebrand type of electrode holder, using a bright platinum 
electrode which is occasionally ‘‘ activated ’’ by anodic polarisation. 

The electrode loses its activity after standing in the solution for some hours at open circuit. 
The activity is also destroyed by long-continued cathodic polarisation, for, as can be seen 
from curves (a)—(d), Fig. 3, the hydrogen over-voltage gradually rises towards its normal 
value. 

Fig. 4 shows some cathodic current—potential curves obtained with an electrode which had 
been “activated ’’ by anodic polarisation. Curve I was obtained immediately after the re- 


Fic, 3. 
Successive anodic polarisations to +-1°67 volts. 
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Curves 1-7: Successive anodics to +1°27 volts. 

Curves I-VI: Successive anodics to +-1°67 volts. 

Curves a~d: Cathodic curves after anodic polarisation to +1°67 volts. a, 710; b, 1470; c, 3018; d, 
5480 x 10-7 amp. 


covery from the anodic polarisation. The potentials shown are those reached after 100 secs.’ 
cathodic polarisation with the various currents, a very nearly constant potential being reached 
in this time. A linear relation is obtained between the potential and currents from 0 to 2000 
x 10-7 amp. With larger currents, the potential rises continuously and no nearly constant 
value can be given. 

In order partly to deactivate the electrode, it was now polarised anodically for a time with a 
small current, and the cathodic current—potential curve then redetermined. By successive 
treatments in this way Curves II—V were obtained. (Two similar curves were obtained be- 
tween curves I and II, after the anodic passage of 1 x 10°* and 1-8 x 10-* coulomb respect- 
ively.) These are also linear within 0-04 volt of the reversible potential, but the slope di/dV 
decreases as the electrode loses its activity. The great effect of the anodic treatment can be 
seen by comparison with curve VI, which was obtained with an electrode which had previously 
received only a short cathodic polarisation. 

A similar set of curves was obtained when the deactivation of the electrode was brought 
about by cathodic polarisation with a large current between the individual curves. 
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DIscussION. 

The linear relation between the cathodic current and the potential of the “ active ”’ 
electrodes can easily be shown to be a consequence of their reversibility. If 7’ is the rate 
of transfer of electrons from the metal to the solution, and 7” the rate of the reverse process 
by which electrons are returned to the metal, the total current at the potential v is given 
(Butler, Trans. Faraday Soc., 1932, 28, 379) by 

c= — i ae O pete) s,s) 
where V, is the reversible potential, or for small values of V — Vo, 
t= —k'(b’ + b"\(V— Vy) . . . - we 
i.e., the displacement of the potential difference is proportional to the current. This 


approximation holds only within a few centivolts of the reversible potential, but the range 
of currents over which it holds increases with the value of ’. 


Fic. 4. 
Cathodic current-voltage curves of platinum electrodes after anodic treatment. 
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I. Immediately after activation by anodic treatment. 

II-V. After anodic polarisation with small currents. Total previous anodic polarisation, II, 6-4; III, 
10°0; IV, 16:0; V, 20-0 x 10-* coulomb. 

VI. Normal curve of unactivated electrode. 

The slope di/dV of the linear part of the curve is proportional tok’. The effect produced 
by the anodic treatment, as compared with a normal electrode, is thus a great increase in 
k’, 1.e., in the rate of transfer of electrons from the metal to the solution at a given potential 
difference. At the same time the electrode becomes reversible, 7.¢e., there is a reverse 
process which has the same magnitude at the reversible potential. 

According to Gurney’s theory k’ is proportional to ¢%/?*7, where ¢ is the thermionic 
work function of the metal. The increase in k’ produced by the anodic treatment might 
therefore be due to a decrease in the thermionic work function of the metal. This is, 
however, by itself insufficient to account for the simultaneous increase of the rate of the 
reverse process. Since it has been shown that the depolarisation process « is caused by 
the hydrogen of the solution, there are two possible mechanisms: (1) the direct transfer of 
electrons from hydrogen molecules in the solution as H, = 2H* + 2e; (2) the preliminary 
adsorption or solution of hydrogen in the metal, followed by its ionisation, as H (metal) = 
e(metal) + H*. Now, the rate of transfer of electrons from a substance in the solution to 
the metal will be influenced by the thermionic work function of the metal in the opposite 
sense to a transfer from the metal to the solution. A lowering of this function, which is 
required by the reduced hydrogen over-voltage, will therefore not account for the increased 
rate of the reverse process, so the mechanism (1) is not adequate. If, however, the rate 
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of adsorption is great, hydrogen being replaced at the surface as fast as it is ionised as in 
scheme (2), the observed effects due to depletion of the hydrogen near the electrode might 
be obtained. The observations might thus be accounted for if the anodic treatment 
produces a change wherein (1) the thermionic work function of the metal is reduced, (2) the 
adsorption of hydrogen and its ionisation are facilitated. 

We must now consider the nature of the change brought about by the anodic polaris- 
ation. In the first place, it might be thought that the anodic polarisation removes a layer 
of some metallic impurity which has been deposited on the electrode while standing in the 
solution, or during the cathodic polarisation, leaving a clean surface of platinum. If this 
were the case, however, the solution of the metallic impurity would appear as a stage in the 
anodic curve, and it would, in fact, be necessary to identify it with the depolarisation 
process observed at about +. 0-5 volt. Arguments against this supposition have already 
been given (Part I). In addition, it would be expected that the electrode would become 
active at the end of this stage, 7.e., as soon as the removal of the impurity is completed. 
Actually the activation process begins at the lower depolarisation stage, which has been 
ascribed to the formation of adsorbed oxygen. It is therefore reasonable to suppose that 
the activation is brought about in some way by the adsorbed oxygen. Since it is almost 
certain that the adsorbed layer of oxygen is reduced during the spontaneous recovery of 
the electrode potential in hydrogen, it is necessary to look for some change in the surface 
brought about by the deposition of adsorbed oxygen and its subsequent reduction. 

It has frequently been observed that the catalytic activity of metals is increased by 
alternate oxidation and reduction. In such cases, however, a considerable amount of 
oxidation usually takes place, and there is no difficulty in postulating a considerable 
rearrangement of the surface layers. In this case the extent of the “‘ oxidation ”’ certainly 
does not exceed a single layer of adsorbed oxygen atoms, for it has been shown that the 
electrode is activated by anodic polarisation several times to + 1-26 volt, which is near 
the beginning of the stage in which the deposition of adsorbed oxygen occurs. It follows 
that the change brought about by the anodic polarisation is not deep-seated. That 
comparatively small differences of spacing in the surface layer might have a considerable 
influence on the ease of adsorption and dissociation of hydrogen is shown by the calculations 
of Sherman and Eyring (J. Amer. Chem. Soc., 1932, 54, 2661), who found that the energy 
required for the chemi-adsorption of hydrogen by carbon has a minimum value for a 
carbon-carbon spacing of 3-6 A., which is considerably greater than the usual (1-58 A.). 


SUMMARY. 

1. The anodic polarisation of bright platinum electrodes in hydrogen-saturated solu- 
tions has been investigated. After cathodic polarisation with small currents, and after 
contact with the solution for a considerable time, a process is observed at eg = + 0-5 volt, 
which is attributed to the ionic solution of hydrogen dissolved in the metal. No de- 
polarisation has been observed under these conditions which can be ascribed to the direct 
action of the hydrogen of the solution. 

2. Experiments have been made to elucidate the remarkable effect of anodic polaris- 
ation on the behaviour of the electrodes. After several anodic polarisations to or beyond 
the point at which oxygen is first liberated in an adsorbed state, depolarisation by the 
hydrogen of the solution takes place near the reversible hydrogen potential with great ease. 
In this state the cathodic current-voltage curve is linear with the current over a considerable 
range, and in this and other respects the behaviour is that of a completely reversible elec- 
trode. These effects may be accounted for if the anodic treatment causes a change in which 
(1) the thermionic work function of the metal is reduced; (2) the adsorption of hydrogen at 
the surface of the electrode and its subsequent passage into solution as hydrogen ions are 
facilitated. A possible cause of such changes is suggested. 

We thank the Earl of Moray Endowment of this University, and Messrs. Imperial Chemical 
Industries, Ltd., for grants for the purchase of apparatus; and the Carnegie Universities 
Trustees for a maintenance grant (to G. A.). 
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163. The Lattice Dimensions of Zinc Oxide. 
By G. I. Fincn and H. WILLMAN. 


THE elimination of the chief sources of error in the electron-diffraction determination of 
crystal-lattice constants by the introduction of the double-shutter method, combined with 
zinc oxide condensed from the smoke as a reference structure (Finch and Quarrell, Proc. 
Physical Soc., 1934, 46, 148), has rendered it desirable to review previous determinations 
of the lattice constants of this compound. These are given in Table I, where a and c are 
the basal and the major axis respectively. 


TABLE I. 


Axiai 
Material. ‘ c, A. ratio. Authority. 
Zincite : 5°20 1-608 bart" Bragg, Phil. Mag., 1920, 39, 
7 


Zincite , 5°20 1-608 Aminoff, Z. Krist., 1921, 56, 495; 
1922, 57, 204. 

Zincite . 5-226 1:6077 Weber, ibid., p. 398. 

Zinc oxide (‘‘ Merck’’) , 5°176 1-596 “a Norsk Geol. Tidsskr., 1927, 
, 317. 

Zinc oxide (‘‘ spectroscopic purity’’) 3°235 5°209 1610 Fuller, Science, 1929, 70, 196. 


In their study of crystal structure and orientation in zinc oxide films, Finch and 
Quarrell (Joc. cit.) referred their measurements to Bragg’s values, which, however, had been 
obtained from zincite; and according to Barth this material is rare in the pure state. 

Since the axial ratio, c/a, is a dimensionless number, it can be evaluated by electron 
diffraction without a knowledge of either the electronic wave-length or the camera 
dimensions, the only measurements involved being those of ring diameters, provided the 
indices of the corresponding Bragg planes are known. A correction due to the use of a 
plane recording surface is easily applied, but is small because the maximum deviation of 
the diffracted electrons from the main beam is of the order of 3° in the case of the Bragg 
plane spacings involved. In no case does this correction exceed the equivalent of 0-0015 A. 
with 40—60 kv. electrons. The accuracy attainable is thus virtually that with which ring 
diameters of, say, 2—7 cm. (effective camera length = 50 cm.) can be measured, and thus 
depends in the main upon sharpness of the rings and upon equality of definition of the 
inner and the outer edge of each ring. Over-all definition can be greatly improved by 
suitable beam focusing, combined with suppression of undue beam divergence, and 
uniformity in ring-edge definition is ensured by the use of a constant current supply to a 
correctly adjusted cold cathode discharge tube (Proc. Roy. Soc., 1933, 141, 398). Patterns 
obtained under such conditions compare favourably with the best X-ray patterns of the 
Debye-Scherrer type (see Proc. Physical Soc., loc. cit., Figs. 6 and 7). It is essential, 
however, that wherever the concentrating field extends beyond the specimen it should be 
uniform in planes at right angles to the beam axis up to the limits of their intersections 
with the cones or rays of diffracted electrons. The true circularity and the relative 
diameters of rings produced by a known structure may be used as a check upon the uni- 
formity of the magnetic field (loc. cit., p. 404). 

With fields non-uniform in the sense employed, ring distortion results as, ¢.g., in Fig 1. 
An even more sensitive check is afforded by means of a suitable single-crystal transmission 
pattern, such as that shown in Fig. 2, which was obtained from a mica single crystal with 
the c axis oriented in the direction of the beam. Since the spots are all due to planes 
parallel to the axis, they should form a pattern reproducing the pseudohexagonal 
symmetry of the crystal structure about this axis, provided distortion effects due to con- 
centrating and stray fields are absent. The uniformity of the field employed in the 
experiments of which an account is set forth below can thus be easily verified by applying 
a straight edge in different directions to the several rows of spots in Fig. 2. 

In order to determine a and c for zinc oxide with the desired accuracy by electron 
diffraction, it is necessary to employ as reference material a substance of a high degree of 
purity and of which the lattice constants have been measured by the most refined methods 
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of X-ray analysis. Determinations of the length of side of unit cube, a, for gold of a 
purity exceeding 99-9°/ have been recently carried out by Sachs and Weerts (Z. Physik, 
1930, 60, 481), Wiest (zbid., 1933, 81, 121), and by Owen and Yates (Phil. Mag., 1933, 15, 
472), and the weighted mean of their results is a = 4-0700 + 0-0006 A. at 20°. For 
reasons previously pointed out (loc. cit.), gold is unsuitable as a general reference material ; 
in view of its simple structure and the high order of accuracy to which a is now known, 
however, it serves very well as a dimensional reference for comparison with zinc oxide, 
although the difficulty of obtaining specimens in which the dispositions of the crystals are 
random renders gold valueless as a ring intensity reference. 

For some reason, probably connected with the different conductivities of zinc oxide and 
gold, the central pattern spots due to the undiffracted beam do not as a rule coincide in 
double-shutter records of gold—zinc oxide transmission patterns (Fig. 3). If the possibility 
of overlooking a change in accelerating voltage between exposures be guarded against by 
bracketing the recording of the one pattern by two under-exposures of the reference 
material, the pattern displacement due to a shifting of the central beam on changing from 
one specimen to the other is general, and thus in effect merely results in doubling the 
number of micrometer readings involved in a single spacing determination. This, however, 
entails a corresponding increase in the error attached to the final result. For this reason 
in the following experiments the zinc oxide was deposited on gold. The resulting diffrac- 
tion patterns then consisted of a pattern due to zinc oxide superimposed upon one due 
to gold. Double-shutter records, as shown in Fig. 3, of separate gold and zinc oxide 
specimens were also measured and analysed, and the results not only served to assist in 
identifying the rings in the composite patterns, but also afforded a check upon the absence 
or otherwise of pseudomorphic strain effects in the structure of the zinc oxide of the 
composite specimens (locc. cit.). No trace of such structural distortion was observed in the 
case of films formed by the condensation of the smoke. 


EXPERIMENTAL. 


Four gold specimens were prepared from leaves beaten by Messrs. Johnson and Matthey out 
of their purest grade metal. They were thinned down by floating on N/10-potassium cyanide, 
and washed by being transferred on to several changes of distilled water. The gold films, faint 
bluish-green by transmitted daylight, were then supported on fine-meshed nickel gauze and 
dried. Zinc oxide smoke, obtained by the combustion in oxygen of fresh granulated zinc of 
forensic quality, was deposited on the gold specimens. In addition to the smoke, veil-like films 
of zinc oxide are sometimes formed, but with careful manipulation it is not difficult to avoid their 
deposition on the specimen. It is essential to do so, because there is a pronounced tendency for 
the veil crystals to be oriented in such a manner that the corresponding ring-intensity distribution 
differs from the normal to such an extent as to conduce to error in ring, or even structure, 
identification (loc. cit., p. 155 et seq.). 

The electron-diffraction patterns yielded by the composite specimens were recorded in 
Camera No. 1 (loc. cit., p. 400), which is now fitted with a double shutter of the type previously 
described (/oc. cit., p. 151). The patterns were measured with a Cambridge travelling microscope 
reading to 0-001 mm.; to within a limit of this order the instrument was free from perceptible 
back-lash. 

Results.—A composite zinc oxide—gold electron-diffraction pattern typical of those obtained 
from the four specimens is shown in Fig. 4. The ring radii and origins are given in Table II. 
Radii corrected for flatness of recording field are denoted by an asterisk. 

Evaluation of c/a.—The four patterns each contain two sufficiently well-defined and distinct 
zinc oxide rings of zero third index and one of zero first and second indices. The (0 0 4) zinc 
oxide ring, though visible in all four patterns, is too faint to permit of accurate measurement. 
Thus eight independent values for c/a can be obtained directly from the ring radii in Table II, 
as follows : 

In the case of the zinc oxide lattice (close-packed hexagonal) 


(N /d)® = 4(h,? + hg? + Ayhg)/B8a2? + hytfce?. 2. 2 ww CD) 
where N is the diffraction order, d the Bragg plane spacing, and the h’s are the Millerian indices. 


Further, 
re wae a cw tllehwed) Soe vi 





Fic. 1. Fic. 2. 


Ovoid ring distortion due to non- Transmission patiern from a nica 
uniformity of magnetic fields in the single crystal, to serve as a test for 
planes normal to the beam. uniformity of field. 


Fic. 3. Fic, 4. 


Double-shuttey transmission pattern of zinc Composite transmission pattern of 
oxide (left) bracketed by two half exposures through zinc oxide superimposed on gold. 
gold (vight). Although the central spots do not The black central spot has been drilled 
coincide, the definition of the gold pattern shows through the emulsion by the un- 
that the voltage was constant throughout all ex- diffracted beam. The rings can be 
posures. identified by comparison with Fig. 3. 
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TABLE II. 


































Ring radii, cm. Indices. Ring radii, cm. Indices. 
A - a A ~ ai A 
Specimen. Zinc Specimen. Zinc 
5. II. III. IV. “Gold. oxide. I. II. III. IV. Gold. oxide. 


0-883) 0°884) 0°885) 0:878 
#0883 00-884 10885 *0-878 
0-953 0-953 | 0-954) 09451 gay nee wane woe one am 
#0953 J *0-953 J *0-954 J *0-945 2031 2-028 2-030 2-015 (113) 
1003 1003 1006 0996 — (101) _ 
1061 1-061 1:064 1052 (111) — 
1:225 1-226 1-228 1215 (200) 

1301 1300 1302 1291 — 


an 1-735 1734 — 1724 (220) — 
(100) = }-g07, 1-806 1-805 1-792  — (112) 
(0 0 4) 


— 104) 
2-270 2-270 2275 2253 — (203) 
2-385 2-380 2-382 121) 


(102) 2-453 2-450 2-451 2-432 (400) 





( 
( 
( 
( 


1:530\ 1:532) 1-535) 1-519 110 2540 2°537 2545 2522 — 10 5) 
*1-529 f *1-531 J *1-534 J *1-518 eae, ) 2741 — 2745 2-722 (240) — 
1679 1682 1684 1668 — (103) 


where 4 and L are the electronic wave and effective camera lengths respectively, and R is the 
ring radius corrected for flatness of recording field. Equating (1) and (2) for planes of (h, A, 0) 
and (0 0 A,) types, we have 


Rn, hy gy! (AL)® = 4(hy* + hg? + hyhg) /3a? 
and Ro 9 r,)/(AL)® = hg*/c? respectively. 
Elimination of AL gives c/a in terms of ring radii and the corresponding indices, thus 
cla = Ru, ha 0) * hs/Re@ ory) e {4(h,? ++ h,? + hyhg) /3}4 . . . . (3) 


Insertion of the appropriate corrected ring-radii values, marked with an asterisk in Table II, 
leads to absolute values for ¢/a as set forth in Table III. 


TABLE III. 
Specimen. 5. II. III. IV. Mean. 
1-606 1-606 1-606 1609 \ 4, ' 
ca { 1-608 1-606 1-608 1-606 j 1607 + 0-002 


Evaluation of a.—The d/N values corresponding to the zinc oxide rings were determined by 
reference to the gold rings for which the corresponding spacings were calculated from the 
equation 

diN =aj(ht+ht+h tt... 1 www 
where a = 4-070 A. These interpolated values for zinc oxide are given in Table IV. In the 
case of the (1 0 0) or (1 1 0) zinc oxide rings, a equals 2d/+/3N or 2d/N respectively ; and the a 
values in Table IV obtained in this manner independently of the axial ratio are marked with an 


asterisk. Otherwise a was obtained from the corresponding spacing by equation (1), the mean 
value of c/a, as given in Table III, being taken. 








TABLE IV. 
da/N, A., for ZnO. a, A., for ZnO. 
Specimen. Specimen. 

Indices. 1. II. III. IV. 1. II. III. IV. 
(1 0 0) 2826 2-822 2-826 2-818 *3-263 *3-259 *3-263 *3-253 
(0 0 2) 2621 2618 2622 2-617 3255 3260 3265 3-260 
(10 1) 2-488 2488 2-486 2-483 3-263 3263 3260 3-257 
(1 0 2) 1918 1921 1-920 1-916 3-258 3261 3-260 3-254 
{1 1 0) 1631 1629 1-627 1-630 *3-262 *3-258  *3-254 *3-260 
(1 0 3) 1-487 1-486 1-483 1-486 3-265 3260 3254 3-263 
(1 1 2) 1381 1382 1382 1-381 3255 3256 3256 3-255 
(0 0 4) sie cont bees - jon dies pea pa 
(1 0 4) con am oak ja om me sins an 
(2 0 3) 1099 1098 1096 1-098 3-265 3260 3256 3-262 

121) 1047 1-047. ~—s:1-047 = 3-263 3265 3-259 id 
105) 09828  0-9826 0-9809 0-9819 3-262 3261 3256 3-259 


Mean of a for each specimen 3°261 3°260 3°258 3°258 


Thus the asterisked values give as mean a = 3-258 + 0-005 A., whilst that of those values 
which involve c/a is a = 3-259 + 0-006 A. 
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Evaluation of c.—In the case of planes of (0 0 A,) type, 
same “*S S. k w w F'S SO. 


Four values of the spacing of one such type of plane are given in Table IV, and from these 
by (5) the mean value of c = 5-239 + 0-005 A. By the less direct evaluation, where c = a(c/a), 
insertion of the mean values for a and c/a yields c = 5-237 + 0-006 A. 












DISCUSSION. 


While the value of c/a = 1-607 obtained from the above experimental results agrees 
closely with previous determinations, except with that due to Barth (loc. cit.), those found 
by electron diffraction for the close-packed hexagonal zinc oxide axes, a = 3-258 A. and 
c = 5-239 A. (referred to gold, a = 4-0700 A.), are considerably higher than those obtained 
with X-rays by other observers. Even in the case of Weber’s values the differences 
certainly exceed the experimental errors of the present determinations. It is to be noted 
that the product of the independently determined electron-diffraction values of a and c/a 
is 5-236 ‘ whereas the electron-diffraction value of c obtained independently of a@ and c/a 
is 5-239 A. 

Since the coefficient of linear thermal expansion of gold is about three times that of 
zinc oxide, the above discrepancy cannot be ascribed to a differential expansion of the gold 
and superimposed zinc oxide films due to heating effects of inelastic electronic collisions. 
The circularity of the composite pattern rings and the close agreement of the values for 
c/a negative any suggestion that the ring widening is due to charging-up effects. Thus it 
seems probable that the discrepancy between the values of the lattice constants previously 
obtained by X-rays and now by electron diffraction is due to a difference in the nature of 
the zinc oxide examined. This question could probably be settled, and the interests of 
accurate electron-diffraction analysis materially furthered, by an X-ray examination of 
pure condensed zinc oxide smoke. 





















SUMMARY. 


A revision of the lattice constants of zinc oxide has been carried out by electron 
diffraction. For the close-packed hexagonal lattice of zinc oxide, a value for the axial 
ratio c/a = 1-607 + 0-002 has been obtained directly from zinc oxide transmission diffraction 
patterns. Values for the axes, a and c, have been obtained by reference to a superimposed 
diffraction pattern due to gold, to the structure of which a value of a = 4-0700 + 0-0006 A. 
has been assigned. These values are as follows : 


a = 3-258 + 0-005 A.; c = 5-239 + 0-005 A. 


Whilst the value for c/a is in good agreement with those obtained by most previous workers, 
the electron-diffraction values for a and c are appreciably higher than the corresponding 
X-ray values. It is suggested that the discrepancy is probably due to differences in the 
nature of the materials examined by different investigators. 

























We wish to thank Imperial Chemical Industries, Ferranti Ltd., and the Government Grant 
Committee of the Royal Society for grants which defrayed part of the cost of the apparatus. 


IMPERIAL COLLEGE, LONDON, S.W. 7. [Received, March 22nd, 1934.] 





164. Tonic Interchange in Sulphur Sols. Part III. The 
Mechanism of Coagulation. 


By Tuomas R. BotaAmM and JosEPH J. Murr. 


INVESTIGATION of the influence of salts upon the stability of sulphur sols (Bolam and 
Bowden, J., 1932, 2864; Bolam and Muir, J., 1933, 1022) has shown that the coagulation 
value of a salt is markedly dependent upon (1) the valency and lyotropic character of its 
kation, (2) the temperature, (3) the alcohol content and (4) the acidity of the sol, and 
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(5) the nature of the anions present. The effect of any one of these factors is found to 
correspond closely to the extent to which the hydrogen of the micellar polythionic acid 
is replaced by the kations of the salt, under the given conditions. It would thus appear 
that, at least in the case of these sulphur sols, the ionic interchange is an essential part 
of the mechanism of coagulation, and not simply a process which is incidentally involved 
(cf. Verwey and Kruyt, Z. physikal. Chem., 1934, A, 167, 312). 


EXPERIMENTAL. 


Sols.—The sols were prepared as described by Bolam and Muir (loc. cit.), i.e., by interaction 
of sodium thiosulphate and concentrated sulphuric acid, followed by repeated coagulation, 
initially with sodium chloride and finally with hydrochloric acid. With one exception (J’) 
the sols were used in the undialysed condition, and hence contained considerable amounts of 
hydrochloric acid (see Table I). 

TABLE I. 


Composition of sols. 
After dilution with equal vol. of H,O. 


af? Tee 





a 


Micromols. micellar poly- 


Sol. S in sol, g./100 c.c. Equiv. concn. HCl. thionic H" ion per g. S. 
G 9°83 0°254 992 
H 7°55 0-124 874 
J 5°85 0°142 889 
J’ 2°05 0:00012 136 
K 5°47 0144 1133 
L 7°31 0°157 795 


To minimise variation in the composition of the sols, they were stored in Jena bottles in 
the dark. Coarse sulphur very slowly separated, but as the following observations indicate, 
this was accompanied by no appreciable change in the amount of micellar (‘‘ bound ’’) poly- 
thionic acid. (1) 2-0 C.c. of sol J were completely coagulated by 2-0 c.c. of 0-1M-barium 
chloride, and the decrease in barium-ion concentration was determined by the conductivity 
method already described (Bolam and Muir, loc. cit.). 


Sp. condty., mho x 10°. 
Decrease in Ba” ion 





Before adsorption. After adsorption. (equiv. /1.). 
Duet GAB n.ccsscrcncesvoccosonsvesssdecese 2430 1801, 1795 0°0264, 00256 
Same sol after 2 months ............ 2430 1798, 1818 0°0260, 0°0252 


On the second occasion, the concentration of liberated hydrogen ion in the same mixture was 
found (Expt. e) to be 0-026N, which agrees well with the figure for maximum adsorption of 
barium. Since under the given conditions, adsorption of barium ion takes place with liber- 
ation of polythionic hydrogen ion only, it follows that the sol underwent no detectable change 
during these two months. (2) Although about a month elapsed between the determination 
of the maximum adsorption of barium and the estimation of ‘‘ bound” polythionic acid in 
sol F (see Bolam and Muir, Joc. cit., Table II), the two agreed within the small experimental 
error. 

Bassett and Durrant (J., 1932, 2946) report that in the sols examined by them, the poly- 
thionate was entirely ‘‘ bound ”’ at first but that 30—50% became “ free’ in 7—10 days. The 
proportion of “‘ free’’ acid in sol G, 3 weeks after preparation, was determined as follows. 
5-0 C.c. samples of sol were completely coagulated with potassium chloride, and the coagula 
filtered off and well washed with potassium chloride solution. The filtrates were treated with 
sodium hydroxide (final concentration = 0-4N) at 25° for various periods of time, then acidified 
with sulphuric acid and titrated with standard iodine. The data obtained are in line with the 
observation of Bassett and Durrant that only 95% of the pentathionate is converted into thio- 
sulphate in 2—3 hrs. 

Sample 1. Sample2. Sample 3. 


Hrs. treated with NaOH  .........ccsceeeeeeeeeeenes 4:5 55 18°5 
N /20-iodine required, C.C. ........scseeseereceeeeeees 3°67 3°73 4°00 
Free pentathionic acid, equiv. /l. .............+.++: 0°0147 0°0149 0:0160 


It is clear that the titre corresponding to complete reaction must lie close to 4-0 c.c. The 
“free ’’ polythionic acid was therefore taken as 0-0160 equiv. /]. of undiluted sol, which proved 
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to be about only one-sixth of the “ bound ”’ acid (two determinations, as silver sulphide, gave 
0-097 and 0-098 equiv./l.; also the maximum adsorption of barium was found to be 0-099 
equiv./l.). The sols studied by Bassett and Durrant contained principally sodium salts, with 
only traces of acid, which may account for the different behaviour. Since the total concen- 
tration of acid in the intermicellar liquid of sol G, after dilution with an equal volume of water, 
was 0-254 equiv./l., it is evident that the concentration of hydrochloric acid greatly exceeded 
that of the “‘ free ’’ pentathionic acid. 

Experiment a.—The amounts of hydrogen ion liberated by the chlorides of lithium, potassium, 
and strontium, when present at the respective concentrations required to produce a given degree 
of coagulation, were determined as follows. Mixtures of sol K and salt solution, all at the 
same concentration with respect to sulphur but containing various amounts of salt, were 
kept for 18 hours in a constant-temperature room at 12-0° + 0-5°. Since the sol was poly- 
disperse, coagulation took place in stages, and it was found that the coagulated sulphur 
completely settled out, leaving a transparent yellow supernatant liquid. The intensity of 
the light scattered by the uncoagulated sulphur in each case was determined by means 
of a Zeiss nephelometer, used in conjunction with a Pulfrich photometer, and the concen- 
trations of the three salts which gave a certain suitable value of “‘ absolute turbidity ”’ 
(i.e., turbidity in terms of the standard translucent glass body provided by the makers) ascer- 
tained. Table II contains the relevant data. As elsewhere in the paper, salt concentrations 
(as well as those of total acid and liberated hydrogen ion) are expressed in equivs. per 1. of sol- 
salt mixture. The figures in the last line of the table are mean values of the absolute turbidity. 


TABLE II, 
Turbidity measurements (Sol K). 

DARE cvpcccvnccesnccesnsccsscee LiCl. KCl. SrCl,. 
Concentration ...........+++. 3°51 0°10 0075 0-070 0:066 
Drum readings * ......... 59 63 63 65 65 79 69 62 

61 62 62 65 63 77 70 61 

61 63 63 65 63 78 68 61 

62 68 

Turbidity — ........secceeeees 0°250 0°243 0200 0:226 8 0°256 


* Each column gives successive readings for a single sample of supernatant liquid. In the case of 
lithium chloride, two of the three samples were taken from the same mixture; in the case of potassium 
chloride, the samples represent two separately prepared mixtures. 


Mixtures containing lithium chloride at 3-51, potassium chloride at 0-1, and strontium 
chloride at 0-066 equiv. /1. were ultrafiltered at 12-0° + 0-5°, after standing at that temperature 
for 18 hrs., and the total acid in the ultrafiltrates determined by electrometric titration. Ultra- 
filtration was carried out as described in previous communications (/locc. cit.), except that the 
filtrates were collected in a glass receiver which completely enclosed the filter, so that evapor- 
ation was reduced to negligible proportions. A constant volume (2-0 + 0-003 c.c.) of filtrate 
was titrated with 0-1041N-sodium hydroxide, by means of the quinhydrone electrode, and the 
titres obtained are given in Table III. 


TABLE III. 
Liberation of hydrogen ion by lithium, potassium, and strontium chlorides (Sol K). 
Salt. Concentration. Titre (c.c.). Total acid. Liberated H’ ion. 
DAA cccccscneseccesessasossssecess 3°51 3°27, 3°26 0-170, 0-169 0-026, 0°025 
BRA. svcccecsecsscesecessecsccscoes 0°10 3°28, 3°26 0-171, 0-169 0-027, 0°025 
SEO, coccccesccscccccccccsccccesees 0-066 3°25, 3°24 0°169, 0-168 0-025, 0°024 
DUR debsctiieredccenccctssraaesnns 1-00 3°34 0°174 0-030 


The mixtures were uniformly prepared by the addition of sol to the same volume of salt 
solution. In some instances the same mixture was used for both measurement of turbidity 
and titration (less than 1-0 c.c. was required for the former), but in others a fresh mixture was 
prepared for the second operation. The titres for the lithium chloride mixture have been 
corrected for the contraction incident upon dilution of 7-0M-lithium chloride to 3-5M; this 
correction was found by density measurements to be 0-3%, which is equivalent to about 0-01 c.c. 
increase in titre. All measurements of volume were made at ordinary room temperature. 

In the last column of Table III are given the concentrations of the hydrogen ion displaced 
from the sulphur micelles. These values were obtained by subtracting the concentration 
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(0-144 equiv. /l.; determined as described under Expt. b) of acid obtained by adding water, 
instead of salt solution, to the sol, from the concentrations of total acid shown in the third 
column of the table. At a final concentration of 1-0M, potassium chloride produced complete 
coagulation of the sol, and liberated the whole of the polythionic hydrogen. It will be seen 
that this amounted to 0-030 equiv. /l., as determined by titration, which agrees well with the 
value of 0-031 obtained by the alternative method indicated below (Expt. ). 

Experiment b.—Mixtures of sol K and potassium chloride, prepared as described in Expt. a, 
were kept for 18 hrs., either in the constant-temperature room at 16-5°, or in a Thermos flask 
containing ice. The extent of coagulation was then noted, and the amount of liberated hydrogen 
ion determined by neutralising the bulk of the acid in the supernatant liquid, or ultrafiltrate, 
with standard alkali, and estimating the small amount of unneutralised acid by means of the 
glass electrode (see Bolam and Muir,* Joc. cit., for details of procedure). UJltrafiltrations were 
carried out at the same temperatures as the corresponding coagulation experiments. Table IV 
gives the data obtained. 


TABLE IV. 
Liberation of hydrogen ion by potassium chloride at 0° and 16-5° (Sol K). 
At 16°5°. At 0°. 
— Liber- ?—&<_—_ Liber- 
Concn. Stab- AE ay Total ated H’ Concn. Stab- AE aq Total ated H’ 
salt. ility. (mv.). «104. acid. ion. salt. ility. (mv.). x10. acid. ion. 
0°375 0 107°3 78 0-175 0°031 0-100 0 106°5 75 0°175 0-031 
106°3 74 106°4 75 
0°125 0 106°8 76 0°175 0°031 0:088 0 106°5 75 0°175 0°031 
106°1 74 106-2 74 
0°122 -f- 106°1 74 0°174 0°030 0°075 +- 106°5 75 0°174 0-030 
105°1 71 105°5 72 
0-050 u 1140 102 0°156 0012 0:050 u 119°1 126 0°162 0-018 
114-2 102 119-0 126 
Nil u 101°5 60 0°144 -- Nil u 98°9 55 0-144 = 
99°2 55 98°8 55 


AE is the difference between the potential, at 18°, of the glass electrode in 0-05M-potassium 
hydrogen phthalate and in the system: 2-0 c.c. supernatant liquid (or ultrafiltrate) + 1-0 c.c. 
alkali + 2-0 c.c. potassium chloride solution of the strength required to give a final concen- 
tration of 1-0M with respect to that salt. It was found that, under the given conditions, ag 
(the activity of the hydrogen ion, calculated from AE in the usual way) was equal in value to 
the concentration of unneutralised acid in the system. 0-313N-Sodium hydroxide was used 
for neutralisation of a supernatant liquid, and 0-261N for an ultrafiltrate. The significance of 
the stability symbols is as follows: 0 = complete coagulation (clear colourless supernatant 
liquid which gave no turbidity on the addition of excess of potassium chloride); + = coagul- 
ation point (clear colourless supernatant liquid which gave trace of turbidity on the addition 
of excess potassium chloride); u denotes that the mixture was ultrafiltered. In Fig. 1, con- 
centration of liberated hydrogen ion (Table IV, col. 6) is plotted against salt concentration 
(Table IV, col. 1). 

Experiment c.—A series of mixtures was prepared by adding 2-0 c.c. of *% (by vol.) ethyl 
alcohol and 1-0 c.c. of 1-5M-sodium chloride to 2-0 c.c. of sol J. These were allowed to 
stand for 18 hrs. at about 16°, the degree of coagulation observed, and the liberated hydrogen 
ion determined by electrometric titration with 0-1064N-sodium hydroxide. Ultrafiltrations 


: TABLE V. 
Liberation of hydrogen ion by sodium chloride in the presence of alcohol (Sol J). 
%. Stability. Titre (c.c.). Vol. mixture (c.c.). Total acid. Liberated H° ion. 
0 u 2°37, 2°38 5-00 0°157 0015 
25 u 2°46, 2°46 4:99 0-163 0°021 
50 u 2°52, 2°52 4:97 0°166 0°024 
75 u 2°56, 2°57 4°91 0-167 0°025 
100 +/0 2°63, 2°63 4°82 0-168 0°026 


were carried out at 15—16°. The results appear in Table V, the concentrations of total] acid 
and liberated hydrogen ion being calculated, for purposes of comparison, as though the volume 
* On p. 1023 of this paper, E — E’ should read E’ — E, and ag = 0°078 should read ag = 0°0078- 
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of the mixture was only 4-0 c.c., i.e., the sum of the volumes of sol and salt solution. In the 
case of the alcohol systems, owing to contraction, the volume was actually somewhat less than 
5-0 c.c. (about 4% less when # = 100) and allowance has been made for this effect by employ- 
ing the density values given in the International Critical Tables (Vol. III, 116—119). It was 
found that 1-0M-sodium chloride was necessary to produce complete coagulation in the absence 
of alcohol. 

The figure for total acid at x = 100 was checked by further experiments, with the following 
results. 


Concn. NaClin mixture  ..........csecssseeeeeeeees 03M. 05M. 
en, — 

Time interval before measurement (hrs.) ...... 4 42 3 42 

Titse (cf. 3°63 c.c. in Table V) ....0000sscccrcseeses 2°63 2°62 2°62 2°63 


Taking all six titres into account, it appears that the maximum concentration of total acid 
for sol J is 0-168 equiv. /l., which is identical with the value obtained by a quite independent 
method (see Expt. e, as also for determination of the maximum concentration of liberated 
hydrogen ion obtainable, i.¢., 0-026 equiv. /1.). 
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It was thought that selective adsorption of the alcohol, by the cellophane, might occur 
during ultrafiltration, but special experiments showed that no correction was needed in this 
respect. 50 Sq. cms. of cellophane were immersed, for some hours, in 10 c.c. of an aqueous- 
alcoholic solution of barium chloride. Conductivity measurements indicated that no appreciable 
change in concentration took place. 





CA, PEE UD crdvapaveivcunsnsinsaccesuseentueasngenoernertecésetdenseakenes 50 
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Cell resistance (ohms)—after contact with cellophane 459°3 
” ” —before ” ” 460°5 


Experiment d.—A quantity of sol J was dialysed in a collodion bag, suspended in distilled 
water, until the hydrochloric acid was almost all removed. The degrees of coagulation for 
various mixtures of 2-0 c.c. of sol (J’) + 2 c.c. of potassium chloride, after standing for 18 hrs. 
at 16-5° in a thermostat, were ascertained. Since the total concentration of acid was small, 
the liberation of hydrogen ion was measured directly by the glass electrode, no alkali being 
added. Except in the case of 1-0M-potassium chloride, the cell solution consisted of 2-0 c.c. 
of supernatant liquid (or ultrafiltrate) + 2-0 c.c. of potassium chloride of such strength that 
the final concentration was 1:0M. At this concentration of the salt, ag = concentration of 
acid. All the experiments were duplicated and the mean values obtained are given in Table VI 
and plotted in Fig. 2. In the case of 0-0225M-potassium chloride, the supernatant liquid was 
quite free from yellow colour, but remained slightly turbid, owing to the presence of a small 
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TABLE VI. 
Liberation of hydrogen ion in acid-free sol (Sol J’). 

Concn. salt. Stability. AE (mv.). Pu- Total acid x 10°. Liberated H* ion x 10° 
1-00 0 66°6 2°82 151 139 
0°05 0 48°9 3°12 152 140 
0°038 0 48°9 3°12 152 140 
0°0250 + 49°0 3°12 152 140 
0°0225 ? 48°5 3°125 150 138 
0-0200 u 45°3 3°19 130 118 
0°0175 u 40°2 3°27 108 96 
0-0 u —14°6 4°22 12 — 


amount of coarse suspension. There appeared to be no appreciable change on increasing the 
concentration of potassium chloride to 1-0M for the E.M.F. determination. Only a minute 
trace of turbidity was produced on adding excess of potassium chloride to the clear and colour- 
less supernatant liquid obtained with 0-020M-potassium chloride. 

Experiment e.—Mixtures of sol J with a number of potassium and ammonium salts were 
prepared and investigated as described in Expt. b. The experiments were carried out, in 
duplicate, at a low room temperature. 0-239N-Sodium hydroxide was used to neutralise the 
bulk of the acid in every case. The results are given in Table VII, and plotted in Fig. 3. 


TABLE VII. 
Influence of anions on liberation of hydrogen ion (Sol J). 
Salt. Concentration. Stability. AE (mv.). ag xX 104. Totalacid. Lib. H’ ion. 
KCl 0-500 0 130°6 195 0°168 0°026 
- 0°125 0 130°4 195 0-168 0:026 
0°133 0 129°2 186 0°166 0°024 
0°106 + 128°9 182 0°165 0:023 
Nil u 111°5 89 07142 ft —_ 
K,SO, 0-500 0 103-8 68 0-168 0026 
0-250 0 1041 68 0-168 0-026 
0-120 0 102-7 65 0166 0-024 
0113 + 101-6 62 0-164 0-022 
(NH,),SO, 3-0 * u 81-5 27°5 0-152 (0-010) 
2-5 * u 78°9 25-0 0°149 (0-007) 
NH,Cl 2°5 0 93-3 44 0-168 0-026 
2-0 0 93-1 44 0-168 0-026 
15 + + (u) 95°4 47 0°166 0-024 
10 u 91°6 41 0°160 0018 
NHI 2-0 0 135°7 230 0-168 0-026 
15 0 135°4 230 0-168 0-026 
1-0 0 135°5 230 0-168 0-026 
0°75 +/0 134°1 220 0-166 0-024 
0°50 u 131-3 200 0-157 0-015 
NH,Cl 2°0 * 0 


88°2 35°5 0:168 0°026 
¢t No evaporation correction; filter entirely enclosed. \ 


In calculating the values of total acid and liberated hydrogen ion, allowance was made for 
the evaporation during ultrafiltration, the filter being not entirely enclosed for these experi- 
ments; this amounted to 3-2% on the total acid. In the case of potassium chloride, the 
concentration of the salt in the cell solution was uniformly brought to 1-0M, and hence the 
value of ay gave directly the concentration of unneutralised acid. To obtain the latter quantity 
in the case of another salt (with the exception of ammonium sulphate), the value of aq was 
multiplied by the factor: (max. value ay for KCl) /(max. value aq for other salt). © Since it 
proved impossible to attain a concentration of ammonium sulphate high enough to obtain the 
maximum value of ag for this salt in the above manner, the following procedure was adopted. 
To 2-0 c.c. of the ultrafiltrate were added 1-0 c.c. of alkali and 2-0 c.c. of a solution containing 
ammonium chloride and ammonium sulphate of such strength that the final concentration 
of both salts was 3-0 equivs./l., and the value of ag determined. The maximum value of ag 
under the same conditions of measurement was obtained by starting from a mixture of sol 
and 2-0M-ammonium chloride (in which the ionic interchange was complete) and making up 
the cell solution by the addition, to the supernatant liquid, of alkali, ammonium chloride, and 
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ammonium sulphate as just described. Thus in the case of ammonium sulphate (see expts. 
marked with an asterisk in Table VII), the concentration of unneutralised acid was given by 


ay[max. a, for KCl/max. ag for NH,Cl + (NH,),SO,] = @,(195/35-5). 


Since complete coagulation by ammonium sulphate was unattainable, comparison with 
other salts was made by means of the Zeiss nephelometer. The supernatant liquid from 
coagulation with 1-5M-ammonium sulphate at 13° gave a value of 0-220 for the absolute 
turbidity. A somewhat higher value, viz., 0-248, was obtained with 0-0875M-potassium 
chloride under the same conditions. While, however, the concentration of liberated hydrogen 
ion in the case of potassium chloride was found by electrometric titration to be 0-022 equiv. /1., 
that for the ammonium salt appeared to be only 0-013 equiv. /I. 

Experiment f—Experiments of the same type as those described under Expt. b were per- 
formed with sol H, at 0°, 16°, and 50°. The results are recorded in Table VIII, and repro- 


TABLE VIII. 
Liberation of hydrogen ion in sol H at 0°, 16°, and 50°. 
At 0°. At 16°. At 50°. 


Concn. AE Total Lib. H° Concn. AE Total Lib. H° Concn. AE Total Lib. H’ 
KCl. (mv.). acid. x 108. KCl. (mv.). acid. x 10°. KCl. (mv.). acid. x 10%. 


15 110°8 = 0"156 39 1-5 1142 0-160 36 15 117°2 0-162 32 
10 104-4 0°150 33 1-0 112°4  9°157 33 1-0 118°7 0°163 33 
0°5 105°4 0151 34 0°5 112°5 0°158 34 0-4 117°7 0-163 33 
0°25 104°3.-0°150 33 0°25 1119 0°156 32 0375 139°5 * 0°163 33 
0075 103°6 0°150 33 07125 136°3* 0-156 32 
0°05 113-6 ** 0°142 25 0°05 111-3** 0-133 9 


duced in Fig. 4. In the experiments marked by a double asterisk, the mixture was ultra- 
filtered at the appropriate temperature, and the bulk of the acid neutralised by 0-1015N-sodium 
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hydroxide. A single asterisk denotes that 0-191N-alkali was employed. Neutralisation was 
effected with 0-267N-sodium hydroxide in every other case. The supernatant liquid or ultra- 
filtrate was allowed to attain room temperature before the definite volume (2 c.c. and 1 c.c. 
respectively) required for the acid determination was measured. The concentrations of 
potassium chloride which produced the degree of coagulation represented by ‘‘ + ”’ (see 
Expt. b) were found to be 0-063—0-075 at 0°, 0-122—0-138 at 16°, and 0-355—0-375 at 50°. 
Experiment g.—A 10-0 c.c. sample of sol K was mixed with 5-0 c.c. of 0-501N-sulphuric acid, 
and the mixture kept at 0° or 16° for some hours. 2-0 C.c. portions were then completely 
coagulated with 2-0 c.c. of potassium chloride solution, and 2 c.c. of the supernatant liquid 
titrated (electrometrically) with 0-1041N-sodium hydroxide. The data obtained are shown 
in the following table. 
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TABLE IX. 
Liberation of hydrogen ion by potassium chloride in the presence of sulphuric acid (Sol K). 
0°. 16°. 
Concn. KCl. Titre (c.c.). Total acid. Titre (c.c.). Total acid. 
1-9 3°58 0°186 3°66 0-191 
1-0 — — 3-60 0-187 
0°5 3°51 0-182 3°58 0-186 


Experiment h.—A sol (L’) was prepared by mixing 50 c.c. of sol L with 4 c.c. of 4-25N- 
sulphuric acid. 10 C.c. of sol L’ were coagulated with 10 c.c. of 0-5M-potassium chloride. 
10 C.c. of the clear supernatant liquid were evaporated to dryness, heated with concentrated 
sulphuric acid until fuming ceased, and then with ammonium carbonate (to convert pyro- 
sulphate into sulphate). The weights of potassium sulphate obtained in duplicate estimations 
were 0-1946 and 0-1949 g. If no adsorption had occurred, the weight would have been 0-2179 g. 
The difference represents a decrease in concentration (i.e., an adsorption) of 0-0266 equiv. of 
potassium per litre of sol—-salt mixture. 

By means of the glass electrode, it was ascertained that the amount of liberated hydrogen 
in the above mixture of sol L with potassium chloride was 0-029 equiv./l. The corresponding 
value for sol L’ was therefore = 0-029 x 50/54 = 0-0268 equiv. /l. 

2 C.c. of sol L’ were coagulated with 2-0 c.c. of 0-5M-potassium chloride. To 2 c.c. of 
the supernatant liquid were added 5-0 c.c. of 0-1040N-sodium hydroxide, and the unneutralised 
acid estimated by electrometric titration with the same alkali (titres, 1-40, 1-39 c.c.). The 
concentration of total acid in the supernatant liquid was thus found to be 0-332 equiv. /l., as 
against 0-342, that in the whole system sol L + sulphuric acid. 

10 C.c. of sol L were mixed with 10 c.c. of (a) 0-30M-potassium chloride in 2-13M-hydro- 
chloric acid and (b) 0-30M-potassium chloride in 1-065M-sulphuric acid. Both mixtures were 
kept for some hours at 13°, ultrafiltered at the same temperature, and the potassium in 6 c.c. 
of ultrafiltrate estimated as potassium sulphate. 


Ta H,  sisessccccnesinsiesacperaticnsnneses (a) 00031, 00030; (6) 0°0027, 0:0025 
yy soe of K* ion (g.-ion/l.)_ ......... 0:0070 0°0060 


Finally the ‘‘ bound” polythionic acid in sol L’ diluted with an equal volume of water was 
determined as silver sulphide (see Bolam and Muir, loc. cit.), 5 c.c. yielding 0-0334, 0-0340 g., 
whence the “‘ bound ”’ polythionic acid = 0-0270, 0-0275 equiv. /Il. 

Experiment i—Portions of sol G were diluted about two-fold and six-fold to give sols G, 
and G,. In both cases sufficient hydrochloric acid was added to make the final concentration 
the same asin G. The following experiments were performed in duplicate. 2-0 C.c. of sol + 
2-0 c.c. of 0-25M-potassium chloride, or water, were ultrafiltered (evaporation correction = 
3-2%) and the value of ag in 2-0 c.c. of ultrafiltrate + 1-0 c.c. of 0-478N-sodium hydroxide + 
2-0 c.c. of water was determined by the glass electrode. It was found that the actual con- 
centration of unneutralised acid was given by 1-27a,q in the presence, and 1-19a,y in the absence, 
of the potassium chloride. The results appear in Table X. 


TABLE X. 

Effect of sol concentration on liberation of hydrogen ion (Sols G, Gy, Gg). 
Concn. (g. $/100 c.c. ‘sol) socensasasvensosesogesosess 9°83 4°46 1-91 
Total acid (equiv. /I. ) in absence of KCl......... 0°254 0°254 0°254 

PUCSOMLO. 44 oe sesese 0°287 0°272 0°262 
Concn. liberated H’ ion a eee 0-033 0-018 0-008 
Micromols. H” ion liberated from 1 g.of S ... 670 810 840 
DIscussION. 


Evidence that Ionic Interchange is of Primary Importance in the Coagulation Process.—It 
is difficult to avoid the conclusion that in the case of these sulphur sols the ionic inter- 
change is directly involved in the coagulation process. Taking first the action of chlorides, 
it appears that, for a given sol at a given temperature, the amount of hydrogen ion liberated 
at any arbitrarily fixed “coagulation point ”’ is a constant, i.e., is independent of the 
nature (valency and lyotropic character) of the salt kation. In this connexion, the results 
3D 
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of the measurements described in the present paper (Expt. a) amply confirm the data 
previously obtained. According to Table II, lithium chloride at a concentration of 3-51 
equivs./l. produces an absolute turbidity of 0-250, which value we shall select for purposes 
of comparison. It may be deduced from the data for strontium chloride, given in the 
same table, that the corresponding concentration of this salt will be about 1% higher 
than 0-066 equiv./l., and that of potassium chloride about 1% lower than 0-10 equiv. /l. 
The data in Table III show that the amounts (mean values) of hydrogen ion liberated by 
lithium at 3-51, potassium at 0-10, and strontium at 0-066 equiv. /l. all lie within less than 
4%, of 0-026 equiv./l. This degree of variation is practically accounted for by the above- 
mentioned 1% divergences in the “ coagulation values,’”’ together with the uncertainty 
of 0-01 c.c. in the titres (7.e., 2% on the liberated hydrogen ion). It may therefore be 
concluded that at the given coagulation point and within the small experimental error, 
the same amount of hydrogen ion is liberated by the three salts, although the coagulation 
value of the lithium chloride is about 35 times as great as that of the potassium chloride, 
and over 50 times that of the strontium chloride. Liberation of the same amount of 
hydrogen ion, by the chlorides of potassium and ammonium under comparable conditions, 
is also indicated by the data in Table VII (Fig. 3). Summarising the results of the present 
and previous work, it can be said that equivalence in liberation of hydrogen ion at the 
coagulation point has been demonstrated for the following kations: lithium, sodium, 
potassium, rubidium, ammonium, calcium, barium, strontium, and aluminium. 

As might be expected, in view of the behaviour of the very similar systems studied by 
Odén and others, the temperature exerts a considerable effect upon the coagulation 
(Expt. 5); e.g., the coagulation value of potassium chloride, in the case of sol K, decreases 
from 0-122 to 0-075 equiv. /l. on lowering the temperature from 16-5° to about 0° (Table IV). 
No explanation has as yet been advanced to account for this peculiar influence of tem- 
perature, and it is therefore of great interest to find that here also there exists a close 
parallelism between the extent of coagulation and the degreé to which hydrogen ion is 
liberated. Not only is it evident from the graphs in Fig. 1 that the lower the temperature 
the greater is the amount of hydrogen ion which appears in the intermicellar liquid, but 
the data also show that at the given coagulation point (denoted by “+ ”’), the same 
proportion of hydrogen ion is liberated at the two temperatures. 

The addition of ethyl alcohol (Expt. c) promotes the liberation of hydrogen ion, and 
simultaneously decreases the stability of the sol; ¢.g., with sol J the presence of 40% of 
alcohol (x = 100) increases the actual liberation of hydrogen ion, by 0-3M-sodium chloride, 
from 62 to 100% of the potential. At the same time the coagulating action of the sodium 
chloride is so enhanced by the alcohol that practically complete coagulation is attained 
with 0-3M-salt (Table V), whereas in the absence of alcohol a concentration in the neigh- 
bourhood of 1-0M is required. . 

Several points of interest are raised by the results obtained with salts possessing 
different anions (Expt. e), the chief being the contrast between potassium chloride and 
sulphate, on the one hand, and ammonium chloride and iodide, on the other. While the 
replacement curves (Fig. 3) for the first pair of salts practically coincide, those for the 
second diverge markedly, the iodide showing the greater tendency to bring about replace- 
ment. This is in agreement with the present thesis, since the coagulation values (Table 
VII) of the potassium salts scarcely differ, whereas ammonium iodide is about twice as 
efficient a coagulant as ammonium chloride. Moreover, the amount of hydrogen ion 
liberated at the coagulation point (“‘ + ”’) lies, in all four cases, fairly close (within 5%) 
to the mean value of 0-023 equiv./l. A large part of the variation is probably due to 
experimental uncertainty, caused by the lack of strict temperature control, but another 
possible factor is the influence of the salt upon the effective acidity of the system (see 
below). 

Ammonium sulphate presents a more complicated case than any so far discussed. 
While this salt at a concentration of 1-5M appears to liberate only about one-third of 
the available hydrogen in sol J (Table VII), the amount of coagulation, as roughly estimated 
by the appearance, indicated a much higher degree of replacement. The nephelometric 
measurements described in the last paragraph of Expt. e obviously confirm the existence 
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of the apparent anomaly, which is undoubtedly to be attributed to adsorption of sulphuric 
acid by the micelles (see later). That the sulphate ion does, however, tend to diminish 
the actual ionic interchange is suggested by the experiments (Expt. 7) in which sol L was 
treated with potassium chloride in the presence of hydrochloric acid on the one hand, 
and anequivalent concentration of sulphuric acidon the other. Asthe datashow, the adsorp- 
tion of potassium is distinctly less in the latter than in the former case. Reverting to 
the action of ammonium sulphate upon sol J, it would thus appear that, since the sulphate 
ion is present in very large amounts, the ionic interchange will be much reduced and the 
coagulation value correspondingly increased. 

The influence of the remaining factor, acidity, is discussed at length in a previous 
communication (Bolam and Muir, Joc. cit.), where it is shown that when acid (hydro- 
chloric) is added to the sol, the coagulative action and replacing power of a salt are affected 
in parallel fashion. Attention is also directed to the fact that as the concentration of the 
acid is increased, the proportion of hydrogen liberated at the coagulation point is decreased. 
It is to be expected that the influence of the acid will be conditioned to a small extent 
by the nature and concentration of the added salt, since the salt may suppress the ionis- 
ation of the acid or diminish the activity of the hydrogen ions. As already suggested, 
this may be responsible for certain small variations in the degree of liberation of hydrogen 
ion at the coagulation point. Decrease in the concentration, or activity, of the hydrogen 
ions also probably accounts for the observation that complete coagulation of sol J con- 
taining 40% alcohol does not occur until the replacement rises to 100%. 

It will be seen (Table I) that the quantity of hydrogen ion held by 1 g. of sulphur is 
a good deal higher in sol K than in sol J, although the concentration of sulphur in the 
former sol is somewhat less than in the latter. Apparently the conditions of preparation 
in the case of sol K were more favourable for the production of finely dispersed sulphur. 
The two sols contain almost identical amounts of hydrochloric acid, and yet the fraction 
of hydrogen ion liberated by potassium chloride at the coagulation point is 97% in the 
one case (K), as compared with 87% in the other (Tables IV and VII). A feasible explan- 
ation of the apparent discrepancy (of which several examples are to be noted throughout 
the work) is that the coagulation of the extremely fine (colourless) sulphur requires a 
higher concentration of salt in the case of sol K than in that of J, with the consequence 
that a greater amount of hydrogen ion is displaced from the coarser fractions of sulphur. 
In conformity with this view, we find that the respective “ equilibrium ”’ concentrations 
of potassium chloride are 0-092M for sol K, and 0-083M for J. 

The Mechanism of Coagulation and the Interpretation of Variations in the Coagulation 
Value.—It may be taken as definitely established that in the case of the undialysed sols 
the disappearance of salt kations from the intermicellar liquid, and the accompanying 
increase in acidity of the last, is due solely to replacement of the hydrogen of the micellar 
polythionic acid by an equivalent amount of metal ion. This conclusion is based on the 
observed equivalence between “ bound ” polythionate and maximum adsorption of salt 
kation in sols F, F,, F; (Bolam and Muir, loc. cit.), sol G (“ Sols ’’), and sol L’ (Expt. A), 
and that between maximum adsorption of salt kation and maximum liberation of hydrogen 
ion in sols J (“ Sols,”” and Expt. e) and L’ (Expt. 4). The data for sol L’ are particularly 
interesting, since a considerable amount of sulphuric acid had been taken up by the 
micelles in this case (see below). A further deduction from these results is that the whole 
of the polythionic acid must be accessible to the salt. 

Of fundamental importance is the interpretation of the wide divergences in the replac- 
ing powers of the various kations. In view of these differences it is at least certain that 
more is involved than a simple exchange between the mobile hydrogen ions (“ contra- 
ions” or ‘‘ Gegenionen’’) of the micellar polythionic acid and the salt kations. The 
suggestion was made in the first paper of the series that the principal complication is the 
formation of neutral molecules (or complexes) between a proportion of the replacing kations 
and the anions produced by the partial ionisation of the ‘‘ bound”’ polythionic acid. 
According to this hypothesis, the interchange results in diminution of the actual charge 
on the sulphur surface. Moreover, application of the Donnan principle (cf. Gouy, /. 
Physique, 1910, 9, 457; Chapman, Phil. Mag., 1913, 25, 475) leads to the conclusion that, 
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since the liberation of hydrogen ion is the same for all salts at their respective coagulation 
concentrations, the extent to which the charge is suppressed is the same also. It thus 
appears reasonable to suppose that coagulation is brought about either by completely 
neutralising the charge, or by reducing it to some constant critical value. 

Information on the last point is provided by the data for the dialysed sol J’ (Expt. d). 
This sol is comparable with the undialysed sols in that the liberated hydrogen is furnished 
solely by the micellar polythionic acid, although more than an equivalent amount of salt 
kation is taken up, the difference being due to adsorption of total salt (see Bolam and 
Bowden, /oc. cit.). On the other hand, since the acidity of sol J’ is very low, the system 
is less complicated than in any other instance. It is therefore significant that complete 
coagulation of this sol is not attained until the whole of the hydrogen ion is liberated 
(Table VI), #.e., until the charge is reduced to zero. That the same electrical condition 
is fulfilled in the case of more acid sols, where replacement at complete coagulation may 
be considerably less than 100%, is arguable on the basis of the present hypothesis. The 
high concentration of acid will itself produce a reduction in the charge, by suppressing 
the ionisation of the micellar polythionic acid, and a correspondingly smaller amount 
of polythionic salt need therefore be formed in order that the discharge should be 
complete. 

So far no instance has been observed in which complete coagulation was not produced 
when the concentration of salt was sufficient to effect complete replacement. It is neces- 
sary to emphasise this, in view of some results recently published by Verwey and Kruyt 
(loc. cit.). These workers investigated the ionic interchange in negative silver iodide 
sols, stabilised by hydrogen iodide. They report that complete coagulation occurred 
at a concentration of the salt which was greater or less than that corresponding to com- 
plete liberation of the hydrogen ion, depending upon the nature of the salt, the concen- 
tration of the sol, and the extent of dialysis. Their conclusion is that the interchange 
has no connexion with the coagulation, except in certain very limited circumstances. A 
striking example of the behaviour observed is afforded by the case of a dilute sol in which 
all the hydrogen ion was liberated by a concentration of lead nitrate only 1/11 of that 
required for coagulation. Not even, however, in the case of the dilute sulphur sol J’, 
in which conditions would appear to be particularly suitable, is there any definite indication 
of the phenomenon. It is true that there is a little uncertainty in the concentration of 
potassium chloride necessary to bring about complete replacement; but even making 
the most unfavourable assumption, viz., that it occurs at 0-024M [where the extension of 
the initial inclined straight portion of the graph (Fig. 2) cuts the final flat portion], this 
is only 4% less than the coagulation value (Table VI), a scarcely significant difference. 

As indicated above, the variation in the coagulation value amongst salts with the 
same anion but different kations may be ascribed to differences in the degree of ionisation, 
at the sulphur surface, of the respective polythionic salts or complexes. The influence 
of temperature and of the presence of alcohol may be equally well interpreted in similar 
fashion. If the surface dissociation decreases with fall in temperature (or on the addition 
of alcohol), the lower the temperature (or the higher the concentration of alcohol) the 
smaller will be the concentration of salt required to effect the degree of replacement 
necessary for coagulation. 

It would seem that the replacing power, and therefore coagulative action, of a salt 
varies with the nature of the anion because of the tendency of this ion to decrease the 
concentration, or activity, of the kation. The effect increases with increase in the con- 
centration of the salt, and will therefore be the more in evidence the weaker the specific 
replacing power of the kation. This accounts for the almost negligible difference between 
potassium chloride and sulphate on the one hand, and the marked difference between the 
iodide and chloride of ammonium on the other. Moreover, a bivalent anion exerts a 
greater interionic effect than does a univalent, which would explain why ammonium 
sulphate has a much higher coagulation value than the chloride or iodide. The same 
effect also appears to be responsible for the so-called “ antagonistic’ action of acids; 
e.g., hydrochloric acid may be added to the sulphur sol in relatively large quantities with- 
out causing coagulation, and the high concentration of chloride ion reduces the effective 
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concentration of the kation of the added salt to such an extent that its replacing action is 
very much reduced. While adsorption of the acid can undoubtedly occur, the results of 
the investigation afford no support for the idea that the sol is directly stabilised by such 
adsorption (cf. Dorfmann, Kolloid-Z., 1930, 52, 289). 

The standpoint adopted throughout the investigation is essentially that advocated 
by Pauli (Pauli and Valké, “‘ Elektrochemie der Kolloide,” Vienna, 1929), McBain (McBain 
and McClatchie, 7. Amer. Chem. Soc., 1933, 55, 1315), Usher (Trans. Faraday Soc., 1925— 
1926, 21, 406), Pennycuick (J., 1929, 618), and Bassett and Durrant (loc. cit.). In opposition 
to this view, Verwey and Kruyt (loc. cit.) maintain that, in general, actual discharge of 
the micelles does not take place, but that coagulation results from compression (“‘ Zusam- 
mendriickung ”’) of the diffuse electrical layer by the ions of the coagulant. Ionic inter- 
change must inevitably occur, but plays no réle in the coagulation process. Strongly 
polar (organic) ions are regarded as exceptional, in that they become fixed to (7.¢., are truly 
adsorbed by) the sulphur surface, and cause coagulation by neutralisation of the charge 
(“‘ Entladung ’’). It has been shown in the present discussion that this is probably the 
normal behaviour of coagulating ions in the case of the sulphur sols examined, which 
raises the question as to how far these sols are comparable with those studied by Verwey 
and Kruyt. 

Adsorption of Sulphuric Acid by Colloidal Sulphur.—tit has already been shown (Expts. 
g and h) that sulphuric acid is adsorbed by the colloidal sulphur. Sol K was first diluted 
with one-half of its volume of sulphuric acid (0-0501N), and then again with an equal 
volume of salt solution. The total acid present will therefore be 0-200 equiv./l. As 
Table IX shows, however, the total amount of acid in the supernatant liquid from the 
completely coagulated sol varies from 0-182 to 0-191. Similarly in the case of sol L’, 
0-332 equiv. appears in the supernatant liquid, as compared with 0-342 present in the 
whole system. Since the amount of potassium taken up by the coagulum in sol L’ is 
exactly equivalent to the ‘‘ bound ”’ polythionate, the liberation of polythionic hydrogen 
is evidently complete, so that the differences in question must be attributed to adsorption 
of sulphuric acid by the sulphur. 

The experiments further reveal two interesting facts: (1) the adsorption increases 
with fall in temperature, (2) the hydrogen of the adsorbed acid is not replaced by other 
kations except at concentrations of salt far in excess of that which suffices to liberate the 
whole of the polythionic hydrogen. These characteristics of the adsorption make it 
possible to explain the apparently anomalous results obtained with sol H (Expt. /f), on 
the assumption that this sol was not completely freed from the sulphuric acid used in its 
preparation. The different levels of the horizontal portions of the graphs in Fig. 4 may 
be interpreted as due to decrease in the adsorption of the acid as the temperature rises, 
and the inflexions at high salt concentrations to replacement of the hydrogen of the 
adsorbed acid. Now the total acid in the intermicellar liquid of the mixture sol H + water 
was found, by ultrafiltration, to be 0-124 equiv./]. at 16°, so the available micellar poly- 
thionic hydrogen amounted to 0-033 equiv. Assuming that the same value holds at the 
other temperatures, we may deduce the values for liberated hydrogen given in Table VIII. 
The maximum liberated hydrogen in the very similar sol K is 0-031 (Table IV), and if 
the values for sol H (with the exception of those at very high salt concentrations) are 
multiplied by the factor 31/33, the points obtained lie very close to the graphs in Fig. 1. 
The two sols thus behave almost identically with regard to temperature and salt 
concentration. 

Influence of Concentration of Sol on the Ionic Interchange.—In order to evaluate the 
effect of diluting sol G (Expt. 7) upon the degree of replacement, it is necessary to apply 
a simple calculation to the data in the last line of Table X. The values given for liberated 
hydrogen ion are not strictly comparable since the same amount of potassium chloride 
was added in every case, so that the final, or equilibrium concentration of the salt in the 
intermicellar liquid is the smaller the more concentrated the sol. As, however, in the 
case of potassium chloride over the range of concentration concerned, the replacement is 
directly proportional to the equilibrium concentration, it is a simple matter to deduce the 
replacement for a given value of the latter. Actually, for an equilibrium concentration 
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of 0-125M, the liberated hydrogen works out at 910 micromols. per g. of sulphur in sol G, 
940 in G,, and 910 in Gg, i.e., is practically the same in all three cases. 

Achar and Usher (J., 1927, 1875) find that the amount of hydrogen liberated from a 
given quantity of finely dispersed stearic acid by a fixed concentration of potassium 
sulphate increases with dilution of the suspension. This is traced to the influence of the 
ratio between the volume of external salt solution and that of the diffuse ionic surface 
layers of the particles on the extent to which the surface acid is ionised. It is also shown 
that the effect is qualitatively in agreement with the Donnan theory. On this view, 
constancy in the degree of replacement with increasing dilution of the suspension indicates 
(1) that the replacement is complete, or (2) that the tendency of the surface molecules to 
ionise does not vary. Since in the case of the sulphur sols the replacement is incomplete, 
it would appear that the high concentration of acid, present in all three systems, prevents 
any appreciable change in the ionisation of the micellar polythionic acid, when the sulphur 
content of the sol is reduced. 

Ultrafiltration.—It is evident that the validity of many of the foregoing conclusions 
depends upon the reliability of the results obtained with ultrafiltrates. McBain and 
McClatchie (loc. cit.; see also McBain, Kawakami, and Lucas, J. Amer. Chem. Soc., 1933, 
55, 2762) have shown that the acidity of the ultrafiltrate from a well-dialysed “ ferric 
hydroxide ” sol is very much influenced by the speed of the filtration. At low rates, such 
as were employed in the present investigation, the acidity rises rapidly with decrease in 
the rate. This is ascribed to the establishment of a Donnan equilibrium across the filter- 
ing membrane; a Priori it is improbable that correction for this effect is necessary in the 
case of the undialysed sulphur sols, since a high concentration of acid is always present, 
and in most cases a large amount of salt as well. The good agreement in the estimations 
of liberated hydrogen ion, adsorbed salt kation, and micellar polythionic acid supports 
this contention. The effect will, of course, be most pronounced in the ultrafiltration of 
the system obtained by diluting the dialysed sol J’ with water, where the figure given 
for total acid (Table VI) may be too high. However, even if the error here is very large, 
the conclusions drawn regarding sol J’ would, as a whole, be unaffected. 


SUMMARY. 


1. The influence of the following factors upon the ionic interchange in sulphur sols has 
been investigated: (1) nature of salt kation, (2) temperature, (3) presence of alcohol, 
(4) nature of salt anion, (5) acidity, (6) sol concentration. The dependence of the coagul- 
ation values of salts upon these factors (except the last) has also been examined. 

2. It is found that a close relationship always exists between the coagulative action 
of a salt and the replacing capacity of the kation under the given conditions. The con- 
clusion is drawn that the ionic interchange is an essential part of the coagulation mechanism. 

3. It is shown that the coagulation may be reasonably regarded as due to diminution 
of the actual charge on the sulphur surface by the formation of unionised molecules, or 
complexes, between the coagulating kations and the micellar polythionic anions. The 
effect of any given factor on the coagulation value is interpreted in terms of (1) variation 
in the specific ionising tendency of the surface molecules, or complexes, and (2) variation 
in the concentration, or activity, of the coagulating ions. 

4. Adsorption of sulphuric acid by the colloidal sulphur is shown to occur, but no 
evidence has been found that such adsorption is a stabilising factor. 


The authors thank the Carnegie Trust for the grant of a Teaching Fellowship (to T. R. B.), 
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165. Induction Periods in Chemical Reactions. The Action of 
Phosphorous Acid on Alkali Bromate and Iodate. 


By PANCHANAN NEOGI, BINAYENDRA N. SEN, and SUDHAMOY MUKHERJEE. 


In continuation of our investigation on the induction period in chemical reactions (Neogi 
and Neogi, J., 1927, 30; Neogi and Mukherjee, J. Indian Chem. Soc., 1929, 6, 529; Neogi 
and Sen, izbid., 1931, 8, 725), we observed that in the reduction of bromates and iodates 
by phosphorous acid, a considerable time elapses before bromine or iodine appears. In 
the former case, the period of induction is very long, and this is probably responsible for 
Vitali’s statement (Boll. Chim. Farm., 1899, 38, 201) that bromates (in contrast to iodates) 
do not react thus. 

The induction period is now shown to be due to successive reactions, as in our previous 
work (loc. cit.), and we record the effect thereon of changes in conditions of concentration, 
temperature, and presence of additional substances, ¢.g., alcohols, glycerol, and salts. 


EXPERIMENTAL. 


The period of induction was measured in the manner indicated in any of our previous com- 
munications (locc. cit.) The concentrations are given in g.-mols. per litre and are indicated 
by C with the appropriate subscript; T is the induction period in seconds. 

Influence of Concentration—The induction period is approximately inversely proportional 
to the concentration of either reagent in three of the series shown in the tables, but when the 
acid concentration is varied, that of the bromate remaining constant, the product of concentra- 
tion and induction period increases indefinitely. 


NalO, and H,PO,. KBrO, and H,PO . 

Cu,ro, = 43220. Temp., 30°. Cxpro, = 0°327. Temp., 30°. 
Cyalo;: a K, = Cato, “OF. Cu,Po,- Z. Cu,pPo;: Z. 
0-1404 6°6 0°9266 3°98 19 1-79 68 
0-0702 12°3 0°8635 3°58 22-7 1°51 93 
0-03650 24 0°8760 3°46 24°6 1°39 104 
0°01990 43 0°8557 3°26 30 1-19 125 
0°01404 64 0°8986 2°98 32°8 0°995 161 
0°00995 84 0°8358 2°51 4l 0-716 237 
0°00842 102 0°8592 2-19 49 
0°00348 242 0°8449 

Mean 0°8700 

K’ = K, X Cu,ro, = 3°760. 

NalIO, and H;PO3. KBrO, and H;PQO3. 

Cyrato, = 0°1404. Temp., 30°. Cu,po, = 6°13. Temp., 29°. 
Cuy,P0;- r ie Ky = CuyP0s “ FZ. Cxsro;- ; K = Cxsro, mF: 
4°322 6°6 28°53 0°259 16°5 4°27 
2-161 12-4 26°80 0°219 19°4 4°25 
1:318 20-4 26-90 0°186 22°8 4°24 
1-080 26 28°08 0°159 26°8 4°26 
0°6483 42 27°24 0°133 32-0 4°26 
0°5931 45 26°70 0°113 38°3 4°33 
0°3084 86 26°52 0°0896 47:2 4°23 
0°1850 145 26°82 0°0730 59°0 4°31 

Mean 27°19 0°0564 75°0 4°26 
0°0365 117°0 4°27 


K’ = Ky x Cyato; = 3°817. 

Influence of Temperature.—The period of induction decreases with rise of temperature and 
the relation can be expressed by log T = a — bt, where ¢ is the temperature and a and b are 
constants, as shown by the following table, in which b was calculated for successive intervals 
from the relation b = (log 7,/T,)/(t, — ¢,). In the corresponding reaction with sodium iodate, 
b was constant at the same value, but a fell continuously from 2-352 at 30° to 1-441 at 70° 
(Cu,po, = 0-817; Cyaro, = 0-02528). 

KBrO, and H;PO. 
Cu,Po; = 1-596; Cxsro; = 0°2073. 


6 snevasosiansadonssncs 30° 35° 40° 45° 50° 55° 60° 65° 70° 
ET shcnbiptptinensieke 172 130 97 73 56 42 31-2 23°3 17°6 
©: dciceipiansdiawinna 0-024 0°025 0°025 0023 § 0°025 0°026 0°025 0°024 


a=logT + bt... 2°974 2-975 2-971 2-970 2°978 2-979 2-970 2-967 2-968 
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Influence of Alcohols.—A point of interest is the difference in the influence of the two isomeric 
propyl alcohols, the normal alcohol causing an increase and the iso- a decrease in the induction 
period. Similar differences had previously been found (/occ. cit.) in the reactions between 
sodium iodate and hypophosphorous acid and between mercuric chloride and sodium bi- 
carbonate. 

Periods of induction (secs.) for additions of alcohols. 
Cu,ro, = 2°191; Cysto, = 0°0816; Temp. = 31°. 
C.c. of alcohol added. 
he 2. 4. 6. 8. 
22°6 25 34 38 46 
29 35 93 159 218 
1920 3600 
24-2 28°4 35 56 144 
262 412 680 
Cu,Pos = 2°39; Cxsro,; = 0°335; Temp. == 25°. 


1 2 3 4 10 
23 15 11 75 4:2 


Cy,P0; = 1°60; Cxsro, = 0°335; Temp. == 25°. 


2 4 6 8 10 15 
62 50°6 39 31 24°6 16°4 
6 


1 2 3 4 5 
151 164 181 206 235 274 
Cu,po, = 2°39; Cxsro, = 0°207; Temp. = 28°. 
10 15 20 30 40 50 
44 36 30 19 13°8 9-4 
5 10 15 20 30 
46 39 325 28°5 22 


Influence of Glycerol. 
Cu,ro, = 2°191; Cyato, = 0°0816; Temp. = 30°8°. 
1 2 4 6 8 10 
29 36 61 109 181 228 
Cu,Po, = 2°01 ‘ Cxsro, = 0°310; Temp. =: 30°. 


2 4 6 8 12 20 
44°5 36 31 25°5 10°6 14°6 


Influence of Mineral Acid. 
Cu,ro, = 2°3991; Cyato, = 0°0306; Temp. = 31°. 
1 2 4 6 8 
51 46 38 29 19 
Cu,ro, = 2°01; Cxsro, = 0°310; Temp. = 26°. 


1 2 3 4 5 (1 c.c.) 
41 25 17-2 13°5 124 88 


Influence of Sodium Thiosulphate. 


Cu,P03 == ]‘331; Cyalo; = 0°01102; Temp. == 30°8°. 
8°556 x 10-°N- 
Na,S,0,, C.C. ...... 1 2 3 4 5 
T 22 16°4 7 3°6 0 


Cu,po, = 2°01; Cxsro, = 0°310;. Temp. = 25°. 
2 3 4 5 
41 32 25 21 
Influence of Sulphur Sol. 


Cu,ro, = 3°076; Cyato, = 0°0139; Temp. = 30°. 
0 4 6 8 10 15 
73 39 17°6 10 52 
Cu,ro, = 2°042; Cxpro, = 0°0806; Temp. = 28°6°. 
1 2 3 4 5 
67 50 46 31 22 
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Influence of Salts ——The induction period is affected by anions but not by kations. For 
each salt, the volume of the reaction mixture was 20 c.c. 


Cu,Po, = 2-01; Cxsro; = 0°322; Temp. = 25°. 

Salt. Wt., g. : Salt. Wt., g. T. Salt. Wt., g. T. 
(None) —- 61 KCl 0°373 2 Na,SO, 0-808 93 
KHC,H,0O, 0°262 74 NaCl 0-292 5 KNO, 0-505 88 
NaHC,H,O, 0°194 72 K,SO, 0°435 94 NaNO, 0°425 87 


Influence of Geometrical and Optical Isomerides.—It will be seen that fumaric acid lengthens 
the period, and maleic acid shortens it slightly. Both the tartaric acids cause diminution in 
the period but to different extents, the d-acid having greater influence thanitsantipode. Similar 
observation was made by Neogi and Sen (loc. cit.) on the influence of these isomerides on the 
reaction between sodium iodate and hypophosphorous acid. 


Cu,Po,; == 4°322; Cyalos = 0:01404; Temp. = 30°. 

Substance. Weight, g. ¥. Substance. Weight, g. T. 
(None) 64 d-Tartaric acid 0°0311 21 
Fumaric acid 3 $3 i-Tartaric acid 0:0311 49 
Maleic acid . 56 


Wall Effect.—In order to see if there was any wall effect in these reactions, the glass surface 
was increased by addition of various amounts of purified glass-wool to the reacting solutions 
but in no experiment was the induction period sensibly altered from its original value. The 
reactions thus seem to be purely homogeneous. 


PRESIDENCY COLLEGE, CALCUTTA. [Received, March 27th, 1933.] 





166. The Catalytic Reduction of Organic Halogen Compounds : 
5-Bromo-5-alkylbarbituric Acids. 


By G. K. Hucues, A. KILLEN MACBETH, and S, W. PENNYCUICK. 


THE behaviour of the halogen atom in organic compounds in the presence of reducing agents 
has already been discussed (J., 1922, 121, 892; e¢ seg.). Asa particular case, it was observed 
(J., 1926, 1248) that one of the halogen atoms is removed from 5:5-dichloro- and 5:5-di- 
bromo-barbituric acids on treatment with hydrazine hydrate. Baeyer (Amnalen, 1864, 
130, 133) recorded the difference in reactivity of two such atoms (see also Backes, West, 
and Whiteley, J., 1921, 119, 377) and Nightingale and Schaefer (J. Amer. Chem. Soc., 1932, 
54, 236) submitted additional evidence in support of such behaviour by showing that 5:5- 
dibromobarbituric acid is converted into 5-bromo-7-alkyluracils by the action of alkyl- 
amines. 

The absorption spectra of a series of barbituric acids and their halogen derivatives 
(J., 1927, 740) showed that the parent acids and the 5-halogeno-acids exist in the enolic 
form, whereas the 5:5-dialkyl- and the 5:5-dihalogeno-acids have a ketonic structure. 
The enolic modification is excluded in the 5-bromo-5-alkyl acids, and easy removal of the 
halogen atom is therefore to be expected in such cases. Preliminary observations showed 
that there was a considerable increase in the conductivities of alcoholic solutions of these 
acids on standing, and that this increase could be accelerated by the addition of a catalyst. 
These facts have now been used to examine the reaction and determine the rate of decom- 
position of the acids. 

The solutions examined were made up to M/400-concentration of the bromo-acid in water 
of specific conductivity 3 gemmhos, containing alcohol ranging from 2 to 10% of the total 
volume. The alcohol present functions as a reducing agent, and Schiff’s reagent and other 
colour tests showed that an aldehyde was always present as a reaction product. The 
presence of acetaldehyde was further shown by the isolation and identification of its dimedon 
compound, m.p. 148—-150°. The reaction may accordingly be written R'Br + C,H,-OH = 
R'H + HBr + CH,-CHO. As the molecular ratio of the alcohol to the bromo-acid was 
rarely less than 800: 1 in the experiments, variations in the alcohol concentration may be 
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neglected. The reaction may therefore be regarded as unimolecular, and the corresponding 
formula applied. 

Hydrobromic acid has the greatest conductivity of all the components of the reaction 
mixture, the other substances being weak electrolytes or non-electrolytes. Wood (J., 
1906, 89, 1831) gives 3-83 x 10° and 3-7 x 10° as the values of the dissociation constants 
of 5-ethyl- and 5:5-diethyl-barbituric acid respectively; and the values for the series 5- 
bromo-5-alkylbarbituric acids were found to be 1-08, 2-25, 2-51, 1-96, 2-76, and 2-98 x 10° 
for alkyl = Me, Et, Pr*, Pr®, Bu, and isoC;H,, respectively (Cox, Macbeth, and Penny- 
cuick, J., 1931, 1871). 

At any time /, however, the concentration of the bromo-acid is proportional to L,, — Li, 
where L represents equivalent conductivity ; and the expression is independent of the sub- 
stances contributing to the conductivity provided that there are no abnormal develop- 
ments in the common-ion effect. Integrating the unimolecular relation dx/dt = k(a — x) 
between two time limits, and writing the relationship of L,, — L; to (a — x) referred to 
above, we obtain 

k = 1/(¢y — ty) . loge (L,, —Luy)/(L.. — Lrg) 
and since zero time values are unreliable, the expression is in its most convenient form. 
To simplify calculations we may reduce the expression to a modified form in which resist- 
ances are introduced instead of equivalent conductivities : 
k = 1/(t, — 4,) . loge (Ry — R,,)Rtg/(Reg — R,,) Ry. 

The constancy of k may be examined by plotting log R:/(R: — R,,) against time and 
measuring the slope of the graph between 
the limits ¢, and ég. 

The first observations were made 
with platinised electrodes (the platinum- 
black acting as the catalyst). Under 
these conditions, there was a steady fall 
in resistance which extended over several 
days, but reproducible results could not 
be obtained even when the cell was 
gently agitated mechanically throughout 
the experiment. Wood (loc. cit.) observed 
that solutions of 5-ethylbarbituric acid 
showed a considerable change in con- 
ductivity on standing, and we found 
that the other 5-alkyl acids we examined 
behaved similarly. Side reactions are 
therefore to be expected during the slow 
reduction of the bromo-alkyl acids, and 
since trustworthy results cannot there- 
fore be looked for, the use of platinised 
electrodes was abandoned. 

2 6 9 12 15 18 Reproducible results are obtained 
Minutes when the catalyst is distributed through- 


I. 5: 5-Dibromobarbituric acid. out the solution of the bromo-acid in the 


5 
II. 5-Bromo-5-isopropylbarbituric acid. : : ; 
III. 5-Bromo-5-isoamylbarbituric acid. form of colloidal platinum. This was 
IV. 5-Bromo-5-propylbarbituric acid. prepared as described by one of us (J., 


V. 5-Bromo-5-ethylbarbituric acid. 1927, 2600) and several preparations of 
VI. 5-Bromo-5-methylbarbituric acid. : segs _ 2 d 
VII. 5-Bromo-5-butylbarbituric acid. Various activities be aadibacnten _ bya wd 
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sample of the colloidal solution in use in a series of experiments, the values recorded in the 
first experiment were compared with a set of control determinations carried out on the same 
substance on completion of the series. The agreement between the constants thus obtained 
was within the margin of experimental error when the age of the colloidal preparation did 
not exceed eight days. 
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Ri. R; — ase log R,/(R - R,,)- a R;. R, — Ry: log R./(Rs -_ R,,)- 
Bromomethylbarbituric acid (I). Bromoethylbarbituric acid (I). 


1690 1404 0-0806 1760 1452 0:0835 

1380 1094 0°1048 1440 1132 0°1045 

1200 914 0°1183 1240 932 0°1240 

1080 794 0°1336 1090 782 0°1442 
980 694 0°1498 j 994 686 0°1611 
911 625 0°1636 918 610 0°1775 
854 568 0°1772 855 547 0°1940 
808 522 0°1897 { 802 494 0°2105 
765 479 0°2034 760 452 0°2257 
695 409 0°2303 690 382 0°2567 
617 331 0°2705 615 307 0°3018 
558 272 0°3120 562 244 0°3625 
510 224 0°3574 520 212 0°3897 
460 174 0°4223 i 476 168 0°4523 
415 129 0°5074 433 125 0°5394 
286 308 


Bromo-n-propylbarbituric acid (I). Bromoisopropylbarbituric acid (II). 
1620 1320 0-0889 860 653 0°1196 
1320 1020 0°1120 730 523 0°1448 
1150 850 01313 640 433 0°1697 
1030 730 0°1495 574 367 0°1943 

948 642 0°1666 523 316 0°2188 
875 575 0°1823 484 277 0°2269 
818 518 0-1985 449 242 0°2884 
774 474 02129 424 217 0°2909 
703 403 0°2427 401 194 0°3153 
606 306 0°2968 324 117 0°4423 
552 252 0°3405 294 87 0°5288 
511 211 0°3841 266 59 0°6256 
467 167 0°4456 249 42 0°7730 
423 123 0°5364 227 20 1:0550 
300 207 


Bromobutylbarbituric acid (II). Bromoisoamylbarbituric acid (I). 
910 757 0°0799 2000 1695 0°0718 
750 597 0°0991 1600 1295 0°0918 
652 499 01161 1340 1035 0°1122 
581 428 0°1328 1180 875 01299 
534 377 0-1480 1070 765 0°1457 
492 339 0°1618 980 675 01619 
459 306 0°1761 917 608 0°1785 
433 280 0°1893 860 555 0°1902 
412 259 02016 815 510 0°2036 
376 223 02269 744 439 02291 
335 182 0°2654 663 358 0°2676 
303 150 0°3053 602 294 0°2968 
278 125 0°3571 553 248 0°3482 
253 100 0°4031 503 198 0°4049 
228 75 0°4828 454 149 0°4839 
153 305 


Dibromobarbituric acid (I). 

564 407 0°1417 9 288 131 0°3421 
475 318 0°1743 10 275 118 0°3674 
416 259 0°2058 12 253 96 0°4208 
376 219 0°2348 15 230 73 0°4984 
346 189 0°2626 21 202 45 0°6522 
324 167 0°2878 26 180 23 0°8836 
304 147 0°3156 re) 157 

The numbers in parentheses after the name of the bromo-acid indicate the cell used in that experi- 
ment, the constant of cell I being 0-310 and that of cell II 0:152. The experimental solutions were 
prepared by running equal volumes of the colloidal platinum sol and an M/200-solution of the bromo- 
acid of appropriate alcoholic content into the conductivity cell, all solutions and vessels having pre- 
viously attained temperature equilibrium in a thermostat at 30°. Resistances were measured on a 
Pye dial-type bridge, the null point being determined by means of an oscillator combination. 


An alkylbarbituric acid is produced as a reaction product in the reduction, so it was 
thought desirable to examine the stability of solutions of such substances in the presence 
of colloidal platinum, but very slight change in resistance was found on standing; ¢.g. 


= 
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the resistance of an M/400-solution of 5-methylbarbituric acid only varied from 299 to 
302 ohms in 3 days, whilst an M/400-solution of isoamylbarbituric acid showed a change 
from 1034 to 1057 ohms during 15 days. 

The results obtained in a typical series of reduction experiments are set out in the table 
on p. 771, and plotted in the fig. In all these cases the solutions contained 10% of alcohol, and 
the same sample of colloidal platinum (Pt IV) was used throughout. The infinity readings 
were taken at the end of an hour and were found to be practically unchanged after 12 hours. 

The graphs shown in the fig. are straight lines over the major part of the observations, 
and indicate the unimolecular nature of the reaction. On account of the difficulty of 
obtaining reliable values in the early stages of the reduction (when the resistance is changing 
considerably), the initial portions of the graphs are somewhat curved; the initial time /, 
was therefore taken as 4 minutes in deriving the average values of k set out below. 


Substituted barbituric acid. 100 k. Substituted barbituric acid. 100 &. 
5-Bromo-5-methyl- 1°41 5-Bromo-5-butyl- 
5-Bromo-5-ethy]l- 5-Bromo-5-isoamyl- 
5-Bromo-5-propyl- . 5 : 5-Dibromo- 
5-Bromo-5-1sopropyl- 

The rate of reduction of the bromo-acids in general varies but slightly with the mass of 
the alkyl group, but the isopropyl acid is a marked exception to the ordinary behaviour. 
In all the determinations, its rate of reaction exceeded those of other members of the series, 
and in this connexion it may be recalled that the value of its dissociation constant is also an 
exception to the general increase in the values observed for successive members of the series. 

It has been pointed out that, on account of the concentrations used, the alcoholic con- 
tent of the solutions may be considered to remain constant, thus giving a reaction of the 
unimolecular type. For different alcoholic concentrations, however, the velocity constants 
may be expected to vary, and this is in fact realised in practice : 


Solute : 5-Bromo-5-isoamylbarbituric acid. 


Solvent, alcohol, % 5 10 10 40 
Pt VI Pt VI Pt II Pt II 


1:53 2-36 1-05 2-06 
The values show that although & increases with alcoholic concentration, a simple propor- 
tionality is not found. The failure of the mass law is not unusual in cases where reactions 
occur at catalytic surfaces, particularly when the concentrations used are high. In the 
extreme case where all the active points of the catalyst are engaged, further increase in the 
concentration of a reactant would leave the velocity constant unaffected. 

In general, it is also to be expected that the velocity constant will increase as the con- 
centration of the catalyst rises. On this account, the relative velocities of reduction of the 
series of bromo-acids were determined with the catalyst of uniform activity throughout. 
Definite estimations of the amounts of platinum in the various samples were not made, 
since it is well known that the actual colloid content of a sol is not directly related to its 
activity. Colloidal platinum offers no exception to this behaviour, and different samples 
prepared under the same conditions are often found to be of widely differing activities. 
Examples of changes in the reaction velocities with various samples of colloidal platinum 
are given below. The solvent in all cases contained 10% of alcohol. 


Barbituric acid. Catalyst. 100 k. Barbituric acid. Catalyst. 100 k. 
5-Bromo-5-propyl- 0°10 5-Bromo-5-isoamyl- Pt II 1-05 
” 1-10 Pt Iv 1°56 
1-52 Pt V 2°01 
ous 0°13 2°36 
“ oo Pt i 2°06 
oa Pt IV 2°53 
These constants may be used to compare the catalytic activity of different sols or even to prepare 
by dilution two sols of comparable strength. The abnormalities in the activity of different platinum 
sols are strikingly emphasised by observing the effect of dilution; ¢.g., Pt I was obtained by diluting 
Pt IV to four volumes with distilled water; but the effect on the velocity constant was a decrease, 
not of 1/4, but of 1/15 in the case of 5-bromo-5-propyl-, and of 1/19 in that of 5-bromo-5-isopropyl- 
barbituric acid. Such abnormal changes are difficult to explain and are being further examined. 
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Experiments were also carried out with colloidal catalysts other than platinum, notably 
colloidal silver and colloidal tungsten. These were prepared by sparking methods, the 
technique followed being similar to that adopted in the case of colloidal platinum. Col- 
loidal silver, which has silver hydroxide present as an electrolyte, was quite unsuitable on 
account of the side reactions with hydrobromic acid. The activity of colloidal tungsten 
was small compared with that of colloidal platinum, and the reaction was not completed 


even after 14 days. 
SUMMARY. 


The 5-bromo-5-alkylbarbituric acids are rapidly reduced by alcohol in presence of 
colloidal platinum, but only slowly in presence of colloidal tungsten. When the concen- 
tration of alcohol is sufficiently high to be assumed constant throughout, the reductions are 


unimolecular. 
In general, the velocity constant varies little with the alkyl group, but the isopropyl 


acid shows an exceptional increase. 
Changes in the velocity constant due to variations in the concentration of alcohol and in 


colloid content are also examined. 
THE JOHNSON LABORATORIES, UNIVERSITY OF ADELAIDE. [Received, February 12th, 1934.] 








167. Optical Activity in Relation to Tautomeric Change. Part IV. 
Comparison of the Rates of Racemisation and of Bromination 
of a Ketone. 


By CHRISTOPHER K. INGOLD and CHRISTOPHER L. WILSON. 


It is frequently assumed, on account of the evidence of reaction dynamics, that, in the 
halogenation of y-acidic ketones, the elementary process which determines the measured 
rate is the enolisation of the ketone. All that the dynamical evidence really proves is, 
of course, that the measured speed is that of some change which precedes the attack of the 
halogen. The modern theory of prototropy does not permit the unequivocal identification 
of that preliminary change with enolisation in all circumstances, for ionisation is assumed 
to intervene, and the conditions of catalysis have to be taken into account. 
The simplest case is that of basic catalysis : 


B+ H-C-C:0 = BH + [C’C:0]- = B + C:C-OH 


In this scheme the reactive entity for electrophilic agents is the anion, and the rate of 
halogenation will therefore be equal to the rate of ionisation. 

In acid catalysis the fundamental step is the conversion of the original prototropic 
system into a salt or salt-like complex in which the newly introduced positive electrical 
field creates sufficient additional reactivity to permit the subsequent removal of the tauto- 
meric proton by some weak base which would not have sufficed for the ionisation of the 
original prototropic system, ¢.g., 

HB + H-C’C:0 = H-C-C:0,HB 
B’ + H-C-C:0,HB = B’H + [C-C:0]-,HB = B’H + C:C-OH + B 


In this case the reactive entity would be the salt or complex from which a proton has been 
removed; but this is the product of two consecutive reversible reactions, and therefore its 
rate of formation, on which the rate of halogenation depends, may be controlled either by 
the speed of formation of the complex, or by its speed of ionisation, or by both processes 
acting together. These cases will doubtless all arise in different circumstances which, for 
any given ketone, will depend on the relative efficiencies of the acid and base available 
under the prevailing conditions of acid catalysis. 

In Part II it was shown (Ingold and Wilson, this vol., p. 93) that the rate of racemisation 
of a tautomeric substance, wherein the centres of dissymmetry and dissociation were iden- 
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tical, was equivalent to its rate of isomerisation ; and in Part III (Wilson, this vol., p. 98) 
evidence was cited in support of the conclusion that this relation applies generally to 
enolisable ketones. 

Further consideration of the theory of racemisation in #-acidic ketones again necessitates 
recognition of the distinction between basic and acid catalysis. The prototropy of w-acidic 
systems by the former process is characterised by a great disparity in the rates of establish- 
ment of the successive equilibria involving the ions : 


y-Form == Ions == aci-Form 
(slow) (fast) 


This is shown not only by the demonstrably slower rates of reaction of ~-forms than of 
aci-forms with alkalis, but also by the circumstance that thermodynamically unstable 
aci-forms may often be isolated by the cautious addition of an acid to the alkali-metal salt 
of the tautomeric substance.* It follows that under conditions of basic catalysis the rates 
of enolisation of y-acidic ketones should be very nearly identical with their rates of ionis- 
ation, and, consequently, that experimentally observed rates of racemisation and halogen- 
ation should be the same. 

Inspection of the scheme given for the acid catalysis of the prototropy of ketones shows 
that optical activity, dependent on dissymmetry centred at the seat of dissociation of the 
ketone, would be lost on the removal of the proton from the complex, for the derivative 
thus formed is evidently either the enol itself or a complex of the enol with a base. It 
therefore follows that the rate of racemisation under conditions of acid catalysis may be 
determined either by the formation of the complex, or by its ionisation, or by both processes 
acting together. However, for a given ketone and given conditions of catalysis, whatever 
may be the reaction stages which control the rate of racemisation, the same stages will 
determine the rate of halogenation, and therefore once again the measured rates of racemis- 
ation and halogenation should be identical. A connexion of this character has frequently 
been assumed, but not always on grounds which can be regarded as acceptable, and we know 
of no previous attempt at experimental control. 

The ketone selected for the proposed experimental test was 2-0-carboxybenzylindan- 
l-one, CO,H-C,H,CH,°CH-CO-C,H,°CHg, which was first prepared and optically resolved 
by Leuchs and his collaborators (Ber., 1912, 45, 194; 1913, 46, 2425). The chosen experi- 
mental conditions were those of acid catalysis. Preliminary experiments showed that the 
speed of racemisation of the d-ketone was markedly influenced by solvents and catalysts, 
and that the rate of bromination of the d/-ketone exhibited a parallel variation with con- 
ditions. For instance, in chloroform and glacial acetic acid, racemisation of the d-ketone 
was extremely slow but became very rapid in the presence of traces of hydrogen bromide ; 
correspondingly, bromination of the d/-ketone in chloroform and in glacial acetic acid was 
so strongly autocatalytic that exact dynamical measurements were impossible. The 
addition of water to the acetic acid solvent greatly reduced the catalytic efficacy of hydrogen 
bromide, and in 90% or 80% acetic acid the amount of hydrogen bromide which it was 
necessary to add in order to produce a conveniently measurable speed of racemisation of 
the d-ketone was considerably greater than the amount that would be developed during 
the bromination of the d/-ketone; and correspondingly, when bromination of the d/-ketone 
was carried out in 90% or 80% aqueous acetic acid in the presence of sufficient added 
hydrogen bromide to produce a conveniently measurable reaction velocity, the autocatalytic 
effect, although still observable, had become a subsidiary factor in the control of the 
velocity. For the quantitative correlation of racemisation with bromination, 90% acetic 
acid (actually 16-00) was chosen as solvent, the temperature being 25° throughout. 

Explanation of the method of comparison is necessary on account of the allowance which 
has to be made for the autocatalytic effect present in the bromination experiments. First, 





* Hugh and Kon have obtained analogous evidence (J., 1933, 775) showing that a similar disparity 
in the speeds of establishment of ionic equilibria may apply to At- and A8-unsaturated esters, i.e., to 
two different ¥-forms belonging to the same aci-form. 
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the velocity of racemisation in the presence of various concentrations of hydrogen bromide 
was observed. Owing to the low equilibrium concentration of the enolic form of the 


ketone, it is necessary that racemisation should follow the unimolecular law, 
* * * 
—(da/dt) = k,a, where a is the concentration of optically active ketone and /is the time; it 


* & 

was indeed found that the integrated equation (a/ay) = e~ *“ was satisfied quite accurately. 
On the other hand, the racemisation velocity coefficients, k,, increased definitely more 
rapidly than the first power of the concentration 4 of the hydrogen bromide; the form of 
the connexion is shown in the diagram. If the value of k, is expressed by a series in ascend- 
ing powers of h, a cubic equation is required to represent the variation over the experimental 
region. On the other hand, an inspection of the diagram shows that, for ranges of h not 
exceeding 0-05M, the relation between k, and 4 may be treated as linear. For any such 
short range we may write k, = ah + 8, where « and 8 are constant for the range, although 
they depend on the range selected. For any 40 
chosen range the constants « and 8 can be 
calculated from the cubic equation. 

The speed of bromination of the optically 
inactive ketone was shown to be independent 
of the concentration of the bromine; we may 
therefore write —(db/dt) = k,a, where a is 
the concentration of the ketone, 0 is that of 
the bromine, and &, is a velocity coefficient 
which is expected to depend on the in- 
stantaneous concentration of the hydrogen 
bromide. The initial concentration of ketone 
was uniformly 0-05M; that of bromine was 
sometimes greater than this and sometimes 
less; the increase in the concentration of 
hydrogen bromide during any particular 
experiment is equal to whichever of these 
two initial concentrations is the smaller, and 
this increase therefore was never greater than 
005M. In all these experiments, however, 
a considerable concentration of hydrogen 





Racemisation {/ Bromination 
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(H Br), M. 


The curves show the dependence of the unimole- 


bromide was added initially so that, during 
reaction, the concentration of this substance 
travelled over the kind of range for which we 
are entitled to assume a linear variation of 
the racemisation constant. For such a short 


cular constants for the vates of vacemisation and 

of bromination of 2-0-carboxybenzylindan-l-one on 

the concentration of hydrogen bromide in 16N-acetic 

acid at 25°. The double circles refer to racemisation, 

and the single ones to bromination ; each process 
has a point at the origin. 


range we may éry the assumption that &, is ” 
times k,, since this hypothesis gives an integrable velocity equation from which m may be 
calculated. If the assumption of proportionality holds sufficiently well for the range of h 
corresponding to the experiment, will be found to be constant, and, naturally, if the two 
coefficients k, and k, are equal, then the constant will be unity; and, furthermore, if k, 
and k, are equal in principle, then » should be unity for all ranges of h, 7.¢., for all 
experiments. 

According to this procedure, the trial equation is —(db/dt) = kha = n(ah + B)a. The 
measured variables being b and #, we substitute ay — by + 0b for a, and hy + bg — 6 for h, 

1 ag 


and then integrate : 
lo : 
ad, + ah +p iy + Ble 


The values of » thus obtained were constant for each experiment to within the error of 
measurement, and were in all experiments close to unity. The mean value of 1, for any one 
experiment, when multiplied by the value of k,, which corresponds to the mean value of h 





rile. 
__ 


Io + by + Bla — 
a — b+ 6 
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for that experiment, gives the related value of k,. The values of &, thus obtained are shown 
on the diagram, and it will be seen that the points fall close to the curve drawn through the 
values of k,. The mean value of » for all the experiments was 0-95. The difference between 
this and unity is somewhat greater than the probable error, but this most likely is due to 
some systematic imperfection of measurement, and the only conclusion which seems justified 
is that the velocities of racemisation and bromination are identical to within the limits of 
experimental precision. This result is quite analogous to that obtained by Weissberger 
and his collaborators (Ber., 1931, 64, 1200; 1932, 65, 1815; Annalen, 1933, 502, 74), who 
found the rates of auto-oxidation of certain benzoins to be substantially the same as 
their rates of racemisation under equivalent conditions of alkaline catalysis. 


EXPERIMENTAL. 


Preparation of 2-0o-Carboxybenzylindan-1-one.—Ethyl1 dibenzylmalonate, b. p. 238°/18 mm., 
250°/30 mm., was prepared in the usual way, and hydrolysed as directed by Leuchs and Radu- 
lescu (Ber., 1912, 45, 194). The yield of dibenzylmalonic acid was 40%, calculated on the ethyl 
malonate; a large amount of dibenzylacetic acid was also obtained. Great difficulties were 
experienced in the conversion of dibenzylmalonic acid into indane-2 : 2’-spiro-indane-1 : 1’-dione 
by the method described by Leuchs and his collaborators, although many samples of aluminium 
chloride were employed for the Friedel-Crafts condensation, and the experimental conditions 
were varied widely. The following modified process gave the most reproducible results. The 
malonic acid (65 g.) was converted into its chloride by means of a slight excess (100 g.) of phos- 
phorus pentachloride in chloroform (60 c.c.). After removal of the solvent and the phosphoryl 
chloride at 100° under reduced pressure, the unchanged phosphorus pentachloride was removed 
by heating at 160° (bath temperature) for 15—20 minutes. The temperature having been 
adjusted to 140°, anhydrous ferric chloride (0-2 g.) was added, and the temperature was raised 
to 160° during 4 hours. Ferric chloride (0-1 g.) was again added, and the temperature was 
maintained at 160—170° forafurther 14 hours. The temperature was then raised to 200—220°, 
whilst the flask was evacuated by means of a water pump during a period of 2 hours. The 
product, distilled in the vacuum of an oil pump, yielded first the by-products mentioned by 
Leuchs and Wutke (Ber., 1913, 46, 2425), then unchanged acid chloride (not more than 12 g.), 
and finally the spiran which, crystallised from benzene, had m. p. 171° (yield, 20—30%). It was 
found essential to use the crude acid chloride for the Friedel-Crafts condensation, as the distilled 
substance reacted only slightly on the addition of anhydrous ferric chloride or aluminium 
chloride, and no marked reaction was induced by the addition also of chloroform, phosphorus 
pentachloride, phosphorus trichloride, phosphorus oxychloride, phosphoric oxide or phosphoric 
acid. In addition to the various by-products described by the original workers, one experiment, 
which involved more prolonged heating than advised above, yielded a substance which crystallised 
from benzene in buff needles, m. p. 195—205° [Found: C, 87-8; H, 5-2; M (Rast), 211, 220. 
C,,H,,O requires C, 87-9; H, 5-2%; M, 232]. The substance did not give a dinitrophenyl- 
hydrazone, but was precipitable by carbon dioxide from its solution in sodium hydroxide, 
yielded a deep green coloration with alcoholic ferric chloride, and dissolved in concentrated 
sulphuric acid to a deep yellow solution. 

The conversion of the spiro-ketone into the required ketonic acid by hydrolysis with alcoholic 
sodium hydroxide presented no difficulties, but an attempt to dry the acid at 110° led to its 
conversion into a non-acidic material, from which crystalline products of different molecular 
complexity were isolated by crystallisation from nitromethane or from nitrobenzene. In the 
former case, the product formed prisms, m. p. 278° [Found: C, 72-2; H, 4:5; M (Rast), 
240. C,,H,,0O, requires C, 72-8; H, 4:3%; M, 280]. The latter product was obtained as 
lamine, m. p. 285—287° [Found : C, 72-2; H, 4-3; M (Rast), 830, 804. (C,,H,,0,); requires 
M, 840}. 

Resolution and Optical Stability—The acid was resolved with brucine (Leuchs and Wutke, 
loc. cit.), and the alkaloid was removed by shaking the chloroform solution with 2N-sulphuric 
acid until the acid extract gave no coloration with concentrated nitric acid. The chloroform 
solution was washed with water, dried with anhydrous sodium sulphate, and evaporated below 
25°. The optically active acid (M, by titration, 265-6. Calc.: 266-1) had [a]? + 59°, 
[a] + 77°, [o}35, + 93° (chloroform, c = 1-6) and [a]#* + 50° (90% aqueous acetic acid, 
c = 1-33). The solid acid underwent no change in rotation on keeping for several months. 
The following table indicates its behaviour in various solvents at 20°. 
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HBr (™). Approx. half-life. 
CHCI, (dry) a unchanged in 24 hours 
CHCl, (50%), CH,-CO,H (50%) 


CH,°CO,H (glacial) 


”? ” 


0°25 <15 secs. 
0 a unchanged in 24 hours 
0°0020 4 mins. 

0:0013 ca. 100 hours 

0 


0°03 21 hours” 

- o 0°13 4, 
~ - 0°25 50 mins. 

Velocity of Racemisation of the d-Ketone.—Acetic acid was purified by Orton and Bradfield’s 
method (J., 1924, 125, 960), and diluted to 16-00N. Hydrogen bromide, generated from its 
aqueous solution by means of phosphoric oxide, was passed over moist red phosphorus and phos- 
phoric oxide and absorbed in the acetic acid, its concentration being determined argento- 
metrically. Rotations were taken in a 2-dm. tube, the mean temperature of which was 25-00° + 
0-02°. The solutions were always 0-05M, with respect to the ketone; the concentrations of 
hydrogen bromide and the corresponding unimolecular velocity coefficients are shown in the 
following table. Owing to the difficulty of fixing the time of the commencement of reaction, 
the velocity constants were deduced by plotting the logarithms of the rotation against the 
corresponding times, and measuring the slopes of the straight lines thus obtained. 


Concn. HBr (kh), M 0°245 0°303 0°352 
Racemisation velocity const. (k;), min.~? 0:0075 0°0154 0:0221 0°0297 


These data correspond to the equation k, = h (0-492h? — 0-0948h +- 0-0567). 

Velocity of Bromination.—The solvents employed and the monobromo-ketone formed were 
found to be completely stable towards the bromine under the conditions of the experiment. 
The necessary amount of pure bromine was added toa known volume of a 0-05M-solution of the 
ketone at 25-00° + 0-01°. Portions of 5 c.c. were mixed with 50 c.c. of water, and the bromine 
was determined iodometrically, the water present inhibiting reduction of the bromo-ketone. 
Chloroform was added during the titrations in order to prevent adsorption of iodine by the 
organic material which otherwise would have been precipitated. The initial titre was deduced 
by extrapolation with but little error. The following two tables exhibit respectively the details 
of a typical run, and a summary of the results of the series of experiments. 


Expt. 2: ay =0-05; bp = 00675; hy = 0-245; «= 0-113; —B = 0-0124. 


12 25 32 38 53°5 72 85 
0°0514 0°0467 0°0437 0°0366 0°0315 0°0282 
0°92 0°98 0°98 0°98 0°97 0°98 


104 111 126 163 183 
0°0246 0°0239 0°0222 0:0198 0°0193 
0°99 0°96 0°96 0°92 0°87 (Mean 0°97) 


Summary of Results for Velocity of Bromination, and Comparison with Racemisation 
Velocities. 


Ag. by. ho. Ris . a. —Bp. . ) ky. hp. 
00417 9=90°245 8 0°287 «0110 00117 , 0266 00176 0:0166 
0°0675 ie 0-295 O113 0°0124 ; 0-270 00181 0:0176 
00255 0303 0329 0144 0°0216 ; 0-316 0°0240 0°0230 
0°0615 0 0353 0154 0°0246 ‘ 0328 0°0258  0°0232 
0°0334 0352 0385 0187 0°0364 : 0369 0°0327 0°0321 
0°0550 * 0402 0195 0°0392 . 0377 = 00342 =: 00322 


University CoLLEGE, LONDON. (Received, April 11th, 1934.] 
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168. The Kinetics of the Alkaline Hydrolysis of the Halogen- 
substituted Acetates. 


By H. M. Dawson and E. R. Pycock. 


THE alkaline hydrolysis of sodium chloroacetate, represented stoicheiometrically by the 
equation CH,Cl-CO,Na + NaOH = CH,OH-CO,Na + NaCl, was one of the earliest 
reactions of the second order to be studied kinetically with reference to the applicability 
of the law of mass action. The results obtained by Schwab (Diss., Amsterdam, 1883 ; 
cf. van ’t Hoff-Cohen, “‘ Studien zur chemischen Dynamik,”’ p. 15) in experiments at 100° 
with equivalent quantities of the reactants showed that the progress of the change could 
be represented with fairly close approximation by the bimolecular formula k,; = x/ta(a —x). 
The fact that ,; increases considerably with the initial concentration of the reactants 
was confirmed by Senter (J., 1907, 91, 460), but this is in all probability to be attributed 
to inert-salt effects which increase in magnitude as the total salt content of the solutions 
increases. 

In more recent experiments (Dawson and Lowson, Proc. Leeds Lit. Phil. Soc., 1934, 2, 
544) at 25° with the chloroacetate in considerable excess (1-0M-CH,Cl-CO,Na + 0-1M- 
NaOH), it has been found by titration of the residual alkali that &,, remains approximately 
constant until about 70% of the alkali has disappeared, but that this coefficient increases 
continuously in the later stages of the reaction. 

As a result of the further investigation of the alkaline hydrolysis of solutions represented 
by the general formula aM-CH,Cl‘CO,Na + bM-NaOH, it was found that the course of 
the reaction, expressed in terms of /,;, depends on the relative values of a and 3, and, in 
the case of equivalent solutions, on the absolute concentration. 

When the concentration of the alkali is appreciably greater than that of the chloro- 
acetate (b > a), k,; remains sensibly constant throughout the entire course of the hydrolytic 
change. When, however, a> b or a = b, the value of k,; increases appreciably in the later 
stages of the reaction, although it remains nearly constant in the early stages. Further- 
more, the data for dilute solutions containing equivalent quantities of the reactants show 
that the initial value of &,; varies considerably with the concentration. It seemed probable 
that these variations in k,,; were due to concurrent hydrolytic process:s in which the 
hydroxy] ion is not primarily involved, and this view is supported by the experiments now 
to be described. 

According to the results obtained by Dawson and Dyson (J., 1933, 49, 1133) in the in- 
vestigation of the mechanism of halogen elimination in neutral and acid solution, it would 
seem that the separation of halogen under the conditions afforded by alkaline hydrolysis 
is due to four simultaneous changes in which the primary reacting entities are the chloro- 
acetate ion and (A) the hydroxyl ion, (B) the water molecule, (C) a second chloroacetate 
ion, or (D) the glycollate ion. 

In the case of reactions (C) and (D) there is definite evidence to support the view that 
the complete reaction involves two consecutive stages corresponding with 


CH,CI-CO,’ + R’ —> R-CH,-CO,’ + CI’, 
R-CH,-CO,’ + OH’ —> CH,(OH)-CO,’ + R’, 


in which R’ represents the chloroacetate or the glycollate ion. Since, however, there is 
no measurable difference between the rate of elimination of halogen in the first stage, and 
the rate of disappearance of hydroxy] ion in the second stage, it is apparent that the second 
stage keeps pace with the first, and that the velocity of alkaline hydrolysis can be followed 
by titration with standard silver or with standard acid. 

On the above assumption, the actual rate of hydrolysis should be given by the sum of 
the velocities of the reactions (A), (B), (C), and (D), as represented by v = vy + vg + 
’o+Up. The reaction velocity, when x mols. of the products have been formed, should 
therefore be given by 


dx/dt = ky(a — x)(b — x) + h(a — x) + hola — x)? + Rpx(a— x). . (1) 
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in which ky, ky, ko, and kp are the velocity coefficients which characterise reactions (A), 
(B), (C), and (D) respectively. ; 
Since kg, ko, and kp are all less than k,/100, it may be anticipated that the reactions 
(B), (C), and (D) will be almost negligible in comparison with (A) when the concentration 
of the alkali (b) is appreciably greater than that of the chloroacetate (a). In these circum- 












































the if stances, the entire course of the alkaline hydrolysis should conform closely to the require- 
est || ments of the formula for a simple bimolecular reaction. On the other hand, when a>b 
ity or a = }, the reactions (B), (C), and (D) may be expected to contribute appreciably to the 
33: |] observed velocity in the late stages of the reaction. 
0° | The contributions of (B), (C), and (D) relative to that of (A) are given at any stage of 
ild the reaction by vp/v,4, Vo/v,, and vp/v,. Since vg/v, = ky/ky(b — x), it is evident that the 
x). relative effect of (B) is determined by the concentration of the residual alkali and is in- 
nts (J dependent of that of the chloroacetate. From v/v, = (ko/ka)[(a — x)/(b — x)], it follows 
ed that the relative effect of (C) is determined by the ratio of the residual concentrations of 
ns the chloroacetate and alkali, whilst the relation vp/v, = kpx/k,(b — x) indicates that the 
relative effect of (D) depends on the ratio of the concentrations of the glycollate and the 
2, 4 alkali. In the particular case where a = b, the only difference to be noted is that the rela- 
M- 4 tive effect of (C) remains unchanged throughout the reaction, for in these circumstances 
sly Vo/Vs = ko/ky. By integration of equation (1), we obtain, when a> }, 
Ses in a ar ay ee 1 ky(b—%) t+hkgpt+kola—%) +kp-% 4—% (1a) 





i—7%, 56x) + kp + kola— x) + kp. x a—X%q 


on and, when b> a, 
in Rk” eal k,(b—a) ot kgptkp.a= . 1 ky(b Feat x) + kp + ko(a ing x) + kp .% a— Xo (10) 





i— ip’ 8 i (6— a) + hp + hola —%) + fy-% a—% 


ro- If 6 = a, the integration of (1) leads to 
tic 





a: ies (ka + ko)\(a—x) +hkhgpthpx a—X% le 
“ dit rinalidesc “i=G PGs ko)(a — %) + hp + kp.%y a—% ~ te) 
ww Velocities in the Later Stages of Alkaline Hydrolysis.—The observations to be described 
dle in support of the validity of equation (1) as a general expression for the rate of alkaline 
he hydrolysis are, in the first instance, concerned with the late stages of the reaction. When 
aw a> or = 6, the reactions (B), (C), and (D) may under these conditions be expected to 
contribute significantly to the reaction velocity. In these and in all other experiments, 
n- variations in reaction velocity which might be attributed to variations in the reaction 
id medium (inert-salt effects) have been eliminated as far as possible by the use of solutions 
S1S in which the total concentration of strong electrolyte is kept constant at 1 g.-equiv. per 
'0- litre. This is effected by the addition of sodium nitrate, which does not interfere with the 
ite determination of the progress of the reaction by the use of standard silver solution. The 
initial composition of the solutions is therefore represented by the general formula 
at aCH,Cl-CO,Na + bNaOH + (1 — a — b)NaNOs. 


The course of the reaction has been followed by titration of the halide formed with 
standard silver solution, the precision of which is distinctly greater than titration with 
standard acid. The accuracy attainable in the late stages of the reaction is, however, 
limited by the large amount of halide which is already present in the solution when the 





is required stage has been reached. In these circumstances, the actual procedure was to 
nd conduct the experiments with synthetic solutions identical in composition with 
nd those produced by actual hydrolysis of the solution aCH,Cl-CO,Na + bNaOH [e.g., 
ed (a — x)CH,Cl-CO,Na + (6 — x)NaOH + xCH,OH-CO,Na + xNaCl] except for the fact 
that the halide was replaced by an equivalent amount of nitrate. By this means it has 
of been found possible to study the course of the reaction in its later stages with much greater 
7 precision than could have been obtained otherwise. 
Id The actual experimental data which are presented to illustrate the nature of the later 


stages of alkaline hydrolysis refer to solutions of the more readily hydrolysable bromo- 
acetate, which affords convenient speeds of reaction at 45°. There can be no doubt, 
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however, that the character of the relations which are involved is precisely the same for 
the chloroacetate. 

For the bromoacetate at 45°, the values of the velocity coefficients for the reactions 
(A), (B), (C), and (D) are ky = 4-0 x 10°, kg = 44 x 10°, ko = 210 x 10°, and kp = 
370 x 10°. The fact that k, varies somewhat with the concentration of the reactants 
(cf. p. 782) is not of any significance in these late-stage experiments. 

Alkaline Hydrolysis of Sodium Bromoacetate-—(i) When (a> b). Table I shows, in the 
first instance, the results for a = 0-2, b = 0-0495. The synthetic solution, representing 
50% hydrolysis, had the composition 

0-175CH,Br-CO,Na + 0-0245Na0H + 0-025CH,(OH)-CO,Na + 0-775NaNOsg. 
The recorded numbers give the time in minutes, the volume of ca. 0-05N-silver solution 
required by 25 c.c. of reaction mixture, the bromide concentration [Br’] in equivs. per 
litre, the value of &,;, 7.¢., 
1 1 (a — x)(b — Xp) 


=a —b 6 — ae — &) 








and the value of k’ as given by equation (la). At each stage in the reaction, x = 
0-025 + [Br’]. 

The second set of figures refers to an experiment with a = 0-50 and b = 0-0500, the 
synthetic solution again corresponding with 50% hydrolysis. The recorded numbers 
have the same significance as in the first experiment. 


TABLE I, 


t — ft. Ag, c.c. [Br]. 10%. hy. 10% &’.10°. t — ty. Ag,c.c. [Br]. 10%. ky. 10%’. 10°. 
0°2CH,Br-CO,Na + 0°0495NaOH + 0°75NaNO, (At 45°). 
0-338 145 $96 1-781 5°97 
0-680 164 944 1:877 5°93 
0-978 186 10:00 1-988 5-98 
1-213 211 10°47 2-082 5-93 
1-420 233 «10°88 ~=—s«2164 5°97 
1513 286 11°59 2-305 5°94 
1-621 
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Na + 0-:0500NaOH + 0-45NaNO, (At 45°). 
— 65 11:28 2-247 6°37 
17:0 79 11°93 2°377 7°26 17:2 

8-92 17-1 91 1244 2478 105 17-2 

47 10°01 ‘ ‘ 17°2 

In the first experiment 100,; increases continuously from 4-5 to 5-9, and in the second, 
for which the measurements extend to an appreciably later stage in the hydrolysis, 100/,; 
increases from 5-0 to 10-5. On the other hand, both experiments show that k’ remains 
constant throughout and afford thereby strong support for the view that the progress of 
the reaction is correctly represented by equation (1). 

(ii) When (b> a). Table II gives the corresponding data for an experiment with alkali 
in excess (a = 0-05, b = 0-20). The synthetic solution in this case had the composition 
0-00990CH,Br-CO,Na + 0-160NaOH + 0-040CH,(OH)-CO,Na + 0-79NaNO;, correspond- 
ing with 80% hydrolysis. The volumes of silver solution refer in this experiment to 
100 c.c. of the reaction mixture, and x is derived from [Br’] by the addition of 0-0400. 
Since the alkali is present in considerable excess, the values of 
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and of k”’ as given by equation (1b) are both found to remain sensibly constant throughout 
the entire stage of the reaction which is covered by the observations. This result is also 
in complete accord with equation (1). 

(iii) When a=b. The results in Table III are those for an experiment with a = b = 
0-05. The synthetic solution, corresponding with 80% hydrolysis, was represented by 
0-00990CH,Br-CO,Na + 0-00990NaOH + 0-040CH,(OH)-CO,Na + 0-94NaNO,. As_ the 
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TABLE II. 
0-0499CH,Br-CO,Na + 0-2NaOH + 0-75NaNO, (A? 45°). 


t — ty. Ag,c.c. [Br’]. 10%. hy. 10% &”.10% = t — ty. Ag,c.c. [Br]. 10%. Ay; . 10%. 
0 1-84 0-916 — — 256 16°38 8:16 4°15 
57 7:47 3°72 4°16 25 299 17°34 8-63 4:26 
91 9-90 4:93 4:14 1:23 353 =: 18-06 8-99 4°23 
138 12°66 6-30 4°25 ‘39 413 18-60 9°26 4:18 
174 14:18 7°06 4:26 6°39 498 19°10 9°51 4°12 
208 =-:15"24 7°59 4-21 6-31 
time values show, the rate of hydrolysis in this case is relatively slow. The silver-titration 
data refer to 100 c.c. of the reaction mixture, and x is given by [Br’] + 0-0400. With 
equivalent quantities of the reactants, k,, represents the value of 
; Me (x — Xq)/(¢ Pg to)(@ — X9)(a — x), 
and k’’’ is the constant indicated by equation (1c). 


TABLE III. 


0-0499CH,Br-CO,Na + 0-0499NaOH + 0-90NaNO, (Af 45°). 


t—t. Ag,c.c. [Br]. 10%. kyy.10% k’”.108. = t—t. Ag,c.c. [Br]. 10%. hy. 10%. kh”. 105. 
0 0°22 0°11 — — 4280 13°73 6°84 5°24 6°20 
633 467 2°33 4°72 , 4750 14-28 711 5-40 6-26 
1395 7:98 3°97 4°78 : 7140 15-98 7:96 5°77 6-20 
1880 9°56 4°76 4°91 , 10780 17°30 8°61 6-27 6-02 
2835 = 1167 5°81 5-03 . 14660 18°12 9-02 7-07 5:99 
3295 12°52 6-23 5:18 

The continuous increase of 100%,, from 4-7 to 7-1 shows clearly that the alkaline 
hydrolysis in the late stages departs very considerably from the requirements of the simple 
bimolecular equation. On the other hand, the constancy of k’”’ indicates that the course 
of the reaction is satisfactorily represented by equation (1). It may be observed that the 
values of k,; and of k’’”’ are not of the same order of magnitude. This is, of course, due to 
the circumstance that h,; is determined by the magnitude of ky, whilst k’”’ is determined 
by kg, Rp, and a. 

Initial Velocities in Equivalent Solutions —The further experiments to be described 
refer to the early stages of hydrolysis in solutions which contain equivalent quantities of 
the reactants. In these circumstances the effects of reaction (D) [and also of (C)] may be 
neglected. 

In this connexion, it should be noted that preliminary observations with 0-1M-chloro- 
acetate showed that #,; increases steadily from 109 to 115 x 10° when the concentration 
_ of the alkali is increased from 0-1 to 0-5 mol. per litre. This increase occurs in spite of the 

fact that. the total salt content (chloroacetate + hydroxide + nitrate) and the ionic 
strength remain the same, and that reactions (B), (C), and (D) play no significant part. 
It is probable that the increase is due to the greater inert-salt effect of the hydroxide than 
of the compensating nitrate. There is also some evidence that the inert-salt effects of the 
chloro- and bromo-acetate are not quite the same as that of the nitrate, and, in general, 
it may be anticipated that the replacement of chloro- or bromo-acetate and hydroxide by 
glycollate and halide as the hydrolysis proceeds, will be associated with a small drift in 
the value of &,;. 

Attention is directed to these differential salt effects for there can be no doubt that they 
play some part in the experiments with equivalent amounts of the reactants which will now 
be discussed. The results may be elucidated by a consideration of the relation between 
v/a® and a, where v = Ax/Aé is the measured velocity of the reaction over the range 
a+ x to a — x for values of x = 0-05a. The curve obtained by plotting v/a? against a 
with the data for the chloroacetate at 45° is shown in the fig., and from this it is evident 
that v/a® decreases more or less linearly with the concentration, passes through a minimum, 
and then increases rapidly when the concentration of the reactants is further reduced. It 
may readily be shown that these relations are in agreement with the general equation for 
alkaline hydrolysis. 
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Since reaction (D) may be left out of account when the initial velocities only are under 
consideration, equation (1) takes the form 


v=u+vptrvg=—k.a?+hkhp.at+hko.a? 
or voi@mh, +hothgla. 2. «© «© © ew ew ce @& 


in which kg may be neglected as a first approximation in that kg/k, for both the chloroacetate 
and the bromoacetate is of the order 1/200. Although the total salt concentration of the 
solutions is the same for all values of a, account must be taken of the variation of k, with 
the nature of the salt constituents. It is probable that k, varies linearly with the con- 
centration of the reactants as expressed by 
the relation k, = k,® + ya, where k,° is the 
limiting value of k, when a = 0 and y is a 
measure of the differential inert-salt effect. 
On substitution in (3), this becomes 
via®=ko+yathkpgla. . . (8a) 
from which it follows that v/a? should pass 
, . through a minimum when a = Vky/y. By 
0-1 0:2 03 ~=plotting (v/a? — kg/a) against a, the values 
pRara Tt F a. : _, Of &,® and y may be directly obtained from 
aime drone of cedium chlooacent at 45, the experimental data for the chloroacetate 
chloroacetate. Plot of v/a® against a. at 45°. At this temperature, reaction (A) 
proceeds too rapidly to permit of measure- 
ments with the bromoacetate at higher concentrations, and in these circumstances it is 
assumed that the relative change in k, produced by variations in a is the same for the 


bromo- and the chloro-acetate. 
Table IV affords a comparison of the observed values of v/a? with those calculated from 


10° . v/a? = 104-0 + 26a + 0-165/a for the chloroacetate, 
and from 10* . v/a? = 395-0 + 100a + 0-44/a for the bromoacetate. 














Although the concentration for which v/a? has a minimum value cannot be determined 
directly from the experimental data with any considerable degree of accuracy, it may be 
noted that these equations lead to the value a = 0-08 for the chloroacetate and a = 0-066 
for the bromoacetate. 


TABLE IV. 


Initial specific velocities for aCH,Cl°*CO,Na + aNaOH (A? 45°). 
0-01 0-015 0-02 0-05 0-08 0°10 0:3 
1205 1154 1125 1080 1086 1090 1135 
vja® 10, calc. ...... 120°8 115°4 112°8 108°6 108°1 108°3 112-4 


Initial specific velocities for aCH,Br°CO,Na + aNaOH (A? 45°). 


0:0045 0°01 0°02 0°05 
485 448 418 403 
440 419 409 


The above observations show clearly that the rate of alkaline hydrolysis, even in the 
initial stages of the reaction, cannot be interpreted generally in terms of the assumption 
that the process is entirely due to bimolecular collisions between the chloro- or bromo- 
acetate ions and hydroxylions. The rapid increase of v/a? at low concentrations is without 
doubt due to the increasing relative importance of the concurrent hydrolytic change in 
which the primary reactants are the halogen-substituted acetate ion and the water molecule, 
i.e., reaction (B). In the case of the alkaline hydrolysis of the chloroacetate, it follows from 
the coefficients k, = 104 x 10 and kz = 0-165 x 10° that reaction (B) will in fact become 
the predominant reaction when the concentration a( = b) is less than 0-165/104 = 0-0016 
mol. per litre. 
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EXPERIMENTAL. 

The procedure followed in the determination of the bromide produced by hydrolysis of the 
bromoacetate has been previously described. On account of the greater solubility of silver 
chloride, the Volhard method can only be used for the precise determination of the rate of 
hydrolysis of the chloroacetate if the silver chloride is removed by filtration previous to the back 
titration with standard thiocyanate. The standardisation of the silver and the thiocyanate 
solution was based on carefully purified potassium chloride, and the titration conditions were 
maintained as constant as possible throughout. 


SUMMARY. 

The observations described lead to the conclusion that the alkaline hydrolysis of the 
halogen-substituted acetates is in general the result of four simultaneous reactions in which 
the halogenoacetate ion reacts with the hydroxyl ion, the water molecule, a second 
halogenoacetate ion, and the glycollate ion as represented by the equation 


Vv =U, + Ug + Yo + Up 
= ky[CH,X-CO,’][OH’] + &p[CH,X-CO,’][H,0] + ko[CH,X-CO,'? + 
ky[CH,X-CO,'][CH,(OH)-CO,’] 
Since kg, ko, and kp are all less than k,/100 it follows that the rate of alkaline hydrolysis will 
be almost entirely determined by v, so long as the concentration of the hydroxyl ions is 
not very small. If this is not the case, as, e.g., when the initial concentrations of the 
reactants are small, or when the late stages of hydrolysis in the absence of excess alkali are 
in question, it is clear that the hydrolytic process is no longer a simple bimolecular reaction 
corresponding with (A), but that the reactions (B), (C), and (D) contribute very appreciably 
to the observed rate of hydrolysis. 
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169. Improved Methods for the Separation of Chloride from Bromide 
by Means of Ammonia. 


By Tuomas B. SMITH. 


AN examination of the method of detecting chlorion in the presence of bromion, based 
upon the greater solubility of silver chloride in aqueous ammonia, shows that it is un- 
trustworthy in its usual form. Since a trace of silver bromide invariably dissolves, it is 
difficult to be certain whether chloride is present or not if the turbidity is only slight, and 
even when the proportion of chloride is large, the amount of precipitate finally obtained 
may vary widely with slight changes in the experimental procedure. By modifications 
now to be described, however, it is possible, not only to obtain reliable indications as to 
quantity, but also to detect 0-002 mg. of chlorion in the presence of 100 mg. of bromion. 
Defects of the Old Method.—Many of the difficulties of this method can be elucidated 
by a consideration of the equilibria involved. It will suffice to make use of the following 


approximate relations for a temperature of 15° : 
Solubility product of AgCl, S,ago. = [Ag [CI] = 85 x 104%*. . . . (i) 
Solubility product of AgBr, S,senr = [Ag’[Br]=17x 1087... . ii) 
[Ag’][NH,]*/[Ag(NHg)o"] = Kynstaniity = 741 xX 108¢. . . . . . . iii) 
* Derived by interpolation from the collected data in Mellor’s ‘‘ Comprehensive Treatise on In- 


organic and Theoretical Chemistry,’’ Vol. 3. 

t Mean of values derived from data of Kohlrausch and Dolezalek (Berlin Akad. Ber., 1901, 101), 
Béttger (Z. physikal. Chem., 1903, 46, 602; 1906, 56, 93), Abati (Gazzetta, 1906, 36, ii, 834), Prud’>homme 
(J. Chim. physique, 1911, 9, 519), Kolthoff (Z. anorg. Chem., 1921, 119, 202). Solubilities for 15° were 
calculated from the available data, using Thomsen’s value of 20:1 Cals. for the heat of solution of AgBr. 
Individual values ranged from 3°12 to 5:34 x 10-7M., 

¢ Britton and Wilson, J., 1933, 1050. 
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Assuming [NH,] to be large in comparison with the total dissolved silver, it follows that 
for the halide AgX 
[X’] ~ [NH,]*S,/7-4 x 10% [TotalAg]) . . . . . (iv) 


If the only source of silver is a single pure halide, then S,,, the molar solubility of this in 
ammonia, 





= [X’] = [Total Ag] = [NH,]VS,/74x10® . . . . (v) 


An attempt is often made to control the ammonia concentration by using a freshly 
prepared, cold, saturated solution of ammonium hydrogen carbonate as the solvent. Such 
a concentrated solution always loses an appreciable but variable amount of carbon dioxide ; 
the concentration of free ammonia produced by hydrolysis is therefore variable but will 
be of the order of 0-1N. If, before extraction, the silver halide precipitate is washed free 
from excess of soluble silver salt, the concentrations of chlorion and of total dissolved 
silver will be equal and of the order of 0-005N. Ifthe preliminary washing of the precipitate 
is omitted, it is evident that the additional silver may be large in comparison with that 
which would be dissolved from the pure halide. Consequently, it may happen that in a 
series of experiments with the same precipitate of mixed halides, the silver dissolved varies 
from the minimum to 5 times that value. Equation (iv) shows that a five-fold variation 
in the total silver concentration, coupled with a two-fold variation in the ammonia 
concentration, gives rise to the possibility of a twenty-fold variation in the amount of 
halide dissolved. 

If, to avoid this variation, the precipitates are thoroughly washed, another difficulty 
is encountered. From equation (v) it follows that 


Sw agt!Sm,sgpe = VSpagn/Spagpee = 22 . . . . © (wi) 


This ratio is undesirably small. If saturated ammonium hydrogen carbonate is used as 
an extractant, pure silver bromide will dissolve to the extent of 1-5 x 10M, and a marked 
turbidity will result on acidification. If the so-called carbonate (NH,HCO,,NH,°CO-ONH,) 
were used, this turbidity would be still greater. By sufficiently reducing the ammonia 
concentration of the extracting reagent, the bromide dissolved may be diminished to an 
amount arbitrarily considered to be negligible, but since the maximum chlorion concen- 
tration is limited to 22 times that of the bromion, even a large proportion of chloride in 
the substance examined can only give rise to a slight turbidity. Consequently, it is im- 
possible to form a satisfactory judgment as to the quantity present. Moreover, the visibility 
of turbidity depends on the conditions of illumination, and hence even in this modification 
of the test a slight turbidity must be discounted. 

The efficacy of an ammoniacal reagent for dissolving silver chloride from the mixed 
halides is still further reduced, first, because of adsorption losses, and secondly, because 
of the time necessary for the dissolution of the maximum quantity of chloride. 

Principles Underlying the New Method.—A consideration of equations (iv) and (v) 
shows that the ratio of the solubilities of silver chloride and bromide can be increased from 
22:1 [equation (vi)] to approximately the square of this (500: 1), by first washing the 
mixed halide precipitate free from a fortuitous excess of silver nitrate, and then adding 
a suitable measured excess of this reagent. The difficulty of achieving complete extraction 
is overcome by dissolving the entire precipitate in concentrated aqueous ammonia, and 
adsorption losses are reduced to a minimum by slowly precipitating the silver bromide by 
boiling off the excess of solvent. After filtration, an acid is added which contains sufficient 
mercuric nitrate to prevent the turbidity which would otherwise be produced by a pure 
bromide, the effect being due to the formation of HgBr,’ and possibly other complex ions. 
This method of avoiding a precipitate due to bromide not only facilitates the detection 
of traces, but enables the ammonia to be used in sufficient concentration to dissolve a 
relatively large amount of silver chloride. This procedure makes it especially necessary 
that a definite final concentration of ammonia should be easily reproducible, since the 
solubility of the halide is proportional to the square of the ammonia concentration and not 
to the first power as would be the case if no excess of silver nitrate were added [see equations 
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(iv) and (v)]. The method described below, in which regular additions of ammonia are 
made during the boiling, gives satisfactory results when the chlorion is present to the 
extent of not less than 0-5% of the bromion. 

In order to adapt the test to the detection of minute traces of chloride it seemed de- 
sirable to devise a suitable buffer with respect to ammonia. At first it was hoped that 
ammonium carbonate or hydrogen carbonate would serve, but consideration of the equilibria 
involved showed that the buffering effect would be slight. From the equation defining 
K, it can be shown that 

[NH,OH] i p= 
[NH,] + [NH,OH]  K, + K,[H’] ° 


From this it will be clear, first, that since one effect of adding ammonia is to decrease the 
hydrogen-ion concentration, the ratio of free ammonia to total ammonium compounds 
will increase, and this can be almost entirely prevented by a sufficiently good hydrogen-ion 
buffer. Secondly, if a solution perfectly buffered with respect to fg, in which [total NH,] = 
n[NH,OH], be compared with a solution containing only ammonium hydroxide of the same 
concentration, it will be seen that a small addition of ammonium hydroxide to the former 
will cause a relative increase of [total NH,], and consequently of [NH,OH], amounting 
only to 1/n of the corresponding increase in the unbuffered solution. Now, in the case 
of carbonic acid partially neutralised by ammonia, the hydrogen-ion buffer action is good 
only for Jq values in the region of 6—7. Such a mixture, which contains far more carbonic 
acid than corresponds to the hydrogen carbonate, would be of no practical value partly 
because of its instability, and partly because 1/n is so small (ca. 10%) that no practicable 
concentration of ammonium salts would give an adequate concentration of free ammonia. 

A consideration of the practical requirements shows that an efficient buffer in the 
region of pg 8 is required, and hence it is necessary to use either a weak acid of K, ca. 10°, 
or a mixture of an ammonium salt with a partially neutralised weak base of K, ca. 10°. 
It is essential that the reagent should not readily reduce silver compounds, and desirable 
that it should be capable of forming a highly concentrated solution. The only acid which 
seemed suitable was veronal, but its solubility was found to be undesirably low even when 
alcohol, acetone, or methyl ethyl ketone was used in the preparation of the buffer solution. 
The use of nicotine seemed promising since K, for the pyrrolidine nitrogen is 4-90 x 10-7 
(Lowry and Lloyd, J., 1932, 1626). Preliminary experiments on the solubility of silver 
chloride in solutions containing nicotine (a full discussion of which will be published later) 
can best be interpreted on the assumption that a complex Ag(C,)H,,Ng9)9 is formed, having 
an instability constant of about 6 x 10°. On these assumptions it can be shown that the 
molar solubility of a silver halide 


$a Ee a4 Tho F *\" +40+b—a] 2. «(viii 


c g- 


(vii) 








where a, b, b,, and c represent respectively the normalities of strong acid radical, total 
nicotine, ammonia, and total silver in the solution. The dependence of the solubility on 
the presence of ammonia and nicotine respectively is indicated by the first and the second 
term within the square bracket. It will be evident that the change in the value of the 
first term for a small change in the value of b, is very much greater than the corresponding 
change in the algebraic part of the second term, which may be made relatively small if 
b, is small in comparison with (b>—a). Hence, provided the solubility due to nicotine can 
be made large enough for the practical requirements of the test, it will be advantageous 
to choose concentrations such that when the buffer is mixed with the test solution, the 
concentration of free ammonia will be reduced to negligible proportions, the final solubility 
of silver chloride being due almost entirely to the nicotine. This is feasible if a bromide 
is to be examined for chloride present to the extent of 1% or less. 

The adequacy of the buffer was checked experimentally by carrying out blank tests 
using the procedure of Method II (p. 788), but with the addition of an abnormally large 
quantity of ammonia solution towards the conclusion of the boiling, and comparing the 
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turbidities finally obtained with those which resulted when the blank test was carried out 
normally. It was found that a 1200% increase in the ammonia concentration only in- 
creased the turbidity due to bromide by 20—30%. The maximum observed variation 
in the final ammonia concentration due to accidental variations in the procedure amounted 
only to 300%. It may be concluded, therefore, that the nicotine buffer is entirely satis- 
factory for use in the test described. 


EXPERIMENTAL. 


Examination of Method based on Extraction by Ammonium Hydrogen Carbonate.—Preliminary 
experiments, in which no special precautions were taken to control the variable factors dis- 
cussed above, showed that the turbidities finally obtained on testing a pure bromide were very 
variable and frequently greater than those which resulted on testing a bromide containing 
3 equivs. % of chloride. 

Quantitative experiments were then carried out in which the silver halide precipitate was 
washed free from excess of silver nitrate, and M-ammonium hydrogen carbonate was used 
instead of the more variable saturated reagent; moreover, mercuric nitrate was employed to 
prevent the formation of a precipitate in the case of pure bromide. The results shown in 
Table I were obtained by adding an excess of silver nitrate to a series of solutions containing 
1-4 c.c. of N-ammonium bromide and varying amounts of sodium chloride. The resulting 
precipitates were washed, extracted with 70 c.c. of M-ammonium hydrogen carbonate, and 
25 c.c. of the resulting solution were treated with 5 c.c. of either 6N-nitric acid or 5-4 x 10-*M- 
mercuric nitrate in 6N-nitric acid. A comparison of the results obtained with and without 
the use of a mercuric salt shows that the amount of this reagent necessary to suppress the 
precipitate that would otherwise result from a pure bromide also retains in solution about 0-6 


TABLE I. 


Results obtained by extraction with ammonium hydrogen carbonate. 
Equivs. Cl’ per 100 equivs. Br’ + Cl’. 





Duration of Hg concn. in final » . 
extraction, hrs. soln., M x 10>. 1. 3. 10. 23. 100. 
Wt. of final ppt., mg. 
} 9 nil nil 0°88 0°43 —- 
5 9 nil 0°55 1°47 _ 10°3 
5 — 0°54 11 21 — 11-0 
Yield of final precipitate, %. 
} 9 nil nil 12 2 — 
5 9 nil 26 20 —_— 8:7 
Solubility limit to percentage yield. 
100 100 87 29 8°7 


mg. of silver chloride per 30 c.c. The maximum amount of final silver chloride precipitate 
which can be obtained is, even in the case of a pure chloride, only 17 times the minimum amount 
which must be exceeded if any indication of chloride is to be obtained. The effect of this small 
solubility of silver chloride in limiting the maximum possible percentage yield is shown in the 
last line in Table I. Comparison of these limiting values with the yields actually obtained 
shows that the extraction is very inefficient even after 5 hours’ standing. If the extraction 
is short, the test is grossly lacking in sensitiveness, and even positive results are no safe guide 
as to the proportion of chloride present; e.g., the weight of precipitate from the 23% mixture 
was much less than that from the 10% mixture. 

Precipitation of Silver Bromide from a Solution of Silver Chloride and Bromide in Ammonia.— 
Since the above experiments show that extraction of silver chloride by weakly ammoniacal 
solutions was very imperfect, it seemed essential to dissolve the entire precipitate in concentrated 
ammonia; slow reduction in the ammonia concentration might then be expected to precipitate 
nearly all the bromide, the conditions ensuring minimum loss of chloride by adsorption. Pre- 
liminary attempts involving the passage of carbon dioxide or the dropwise addition of an acid, 
showed that reproducible results could not be obtained with the aid of acid—alkali indicators. 
Boiling for a specified time was also unsatisfactory, but it was ultimately found that if during 
the boiling the loss of liquid were roughly made good, approximately once a minute, by the 
addition of ammonia, a state was soon reached which was to a large extent independent of the 
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rate of boiling. The following table shows the final concentrations of ammonia obtained under 
various conditions. 


Vol. made up Concn. of No. of Final concentrations of NH,OH, N. 
each minute to added NH,OH. observations. Limits. Median value. Arithmetic mean. 
50 c.c. 6N 22 0°142—0-350 0°24 0°24 
50 c.c. 3N 15 0°125—0°218 0°15 0°16 
50 c.c. 2N ll 0:095—0-186 0°13 0°14 
40 c.c. 3N 16 0:052—0-160 0:090 0:093 
20 c.c. 3N 21 0:016—0:055 0-031 0°032 


It will be evident that the volume chosen is of great importance since it has a marked effect, 
not only on the final ammonia concentration, but also on the variability of this concentration, 
due to unavoidable variations in procedure; a volume of 50 c.c. shows relatively less variation 
between maximum and minimum than one of 20 c.c. In all cases the median value closely 
corresponds with the arithmetic mean, and the distribution between the limits is practically 
symmetrical; but with the smaller volumes the upper limit was less well-defined than the lower 
one. The necessity of using such a concentration of mercuric salt as will suffice when the ammonia 
concentration is a maximum, necessarily makes the test less sensitive than would otherwise 
be the case. It has, however, been found that for the recommended procedures the maximum 
amount of silver chloride which can be dissolved is about 100 times the minimum detectable 
amount. 

The Use of Excess of Silver Nitrate.—Preliminary attempts to carry out the separation with 
the aid of a nicotine buffer, but without excess of silver nitrate, gave much smaller turbidities 
than were anticipated from the solubilities of silver halides in nicotine, and the capacity of the 
test to discriminate between bromide and chloride was surprisingly poor. This was found to 
be due to the fact that the total molar concentration of silver in the solution, after boiling off 
excess of ammonia, was considerably less than the sum of the halide concentrations, especially 
when the final ammonia concentration was very low. Nephelometric tests on solutions resulting 
from the treatment of a pure bromide gave the following results : 


Final (NH,OH]. [OH’] x 104.‘ [Br’] x 104.* [Total Ag] x 10.* _ [Br’]/[Total Ag]. 
30 


0-006 3°5 ll 0°037 

0-008 4°0 1:2 0°06 20 
0°012 4:9 16 0-11 14 
0-02 6°3 2:1 0°23 9 
0°13 16 4°4 4°4 1 


* These results were taken from a smoothed curve, individual determinations being liable to vary 
from them to the extent of 15%. 


The solubility product of silver hydroxide would only be exceeded if [OH’] > 105 [Br’], and it 
will be seen from the above data that this condition is not approached. In view of the pre- 
ferential adsorption of silver ions by a silver halide sol, it seems likely that on flocculation 
hydroxyl ions will be adsorbed, especially as their concentration exceeds that of the bromide 
ions. Such adsorption effects provide a further reason, in addition to that discussed on p. 784, 
for the use of an excess of silver nitrate. This not only secures a definite and relatively high 
concentration of total silver in solution, but by reducing the solubility of both halides it permits 
the use of a higher ammonia concentration, and thus minimises the adsorption effect in question, 
as will be seen from the above table. 

The addition of silver nitrate must precede the final acidification, since the deficit of silver 
at the time of filtration will already have caused the bromion concentration to be abnormally 
high, without increasing the chlorion concentration, for, under the working conditions, practically 
the whole of the chloride present will in any case go into solution. It remains to be considered 
whether the addition should be made before or after the boiling. In the former case the solu- 
bility of silver halides will be reduced in the ammoniacal solution as well as in the final buffer 
mixture, and consequently the boiling must be conducted so as to leave a higher concentration 
of residual ammonia than would be necessary in the second case. This would constitute a 
disadvantage if it caused the halide solubility due to ammonia in the final buffer mixture to 
approach the solubility due to nicotine. Insertion of practically useful concentrations in 
equation (viii) shows that the effect is negligible for most purposes. Experiments showed that 
there is little to choose between the alternatives. The higher ammonia concentration required 
when the silver nitrate is added at the outset is best obtained by using a larger volume of solution 
for the boiling. Since the alternative method more conveniently permits of considerable con- 
centration during the boiling, it is to be preferred for the detection of very minute traces. 
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Procedure. 


Reagents.—A.R. Reagents are satisfactory for the general form of the test, but the ammonia 
should be tested for freedom from chloride. Some A.R. reagents (e.g., sodium carbonate) are 
liable to contain slight traces of chloride, but the mercuric nitrate concentration recommended 
is sufficient to prevent interference. 

For the detection of traces of chloride, a chloride-free bromide is essential for the blank test. 
A.R. Potassium bromide generally contains 0-3—0-7% of chloride, but approx. N-ammonium 
bromide can be prepared from A.R. bromine (freed from chlorine by washing with aqueous 
sodium hydroxide; Scott, J., 1913, 103, 850) by placing 5 c.c. of it under water, adding ca. 
50 c.c, of 6N-ammonia (with cooling and shaking), boiling off excess ammonia, and diluting to 
200 c.c. 

Nicotine. Commercial 95% nicotine was distilled in a current of nitrogen, and colourless 
material of b. p. 160—180°/25 mm. was carefully bottled; this was suitable for the test even 
after 3 months. Nicotine buffer. Concentrated sulphuric acid (3 c.c.) is mixed with about 
30 c.c. of water, cooled, added to 40 c.c. of nicotine, and diluted to 80 c.c. 

Method I (without Buffer), Suitable for Detection of Chloride not Less than 0:2% (by Wi.) of 
Bromide.—If necessary, remove cyanides and other interfering radicals by the usual methods. 
To a portion of the solution containing not more than 40 mg. of bromion, add dilute nitric acid 
until the acidity is about N, followed by a small excess of silver nitrate. Wash the precipitate 
three times by decantation, dissolve it by shaking in a stoppered vessel with 50 c.c. of 6N- 
ammonia, add 5 c.c. of 0-1N-silver nitrate, and transfer to a 150 c.c. beaker (tall pattern) pre- 
viously marked on the outside at the 50 c.c. level. Boil the solution vigorously for 3 minutes 
(see Note 1), and make the volume up to 50 c.c. by addition of 3N-ammonia, without inter- 
rupting the heating. Continue to make up the volume at intervals of about one minute until 
four additions have been made. Boil for one minute longer, cool, and filter. Mix the filtrate 
with one-fifth its volume of 4 x 10-°M-mercuric nitrate in 6N-nitric acid. A turbidity or 
precipitate indicates the presence of chloride. 

Note 1. The use of an anti-bumping rod is recommended during the boiling (Scudder, 
J. Amer. Chem. Soc., 1903, 25, 163); the tubes used were of 3 mm. internal diameter. 

Note 2. If a sintered-glass filter (Jena No. 4) is used, filtration may be carried out im- 
mediately after cooling; but if filter-paper is used, it should be fine, and the turbid liquid 
should be slightly cooled, transferred to a stoppered vessel, and shaken vigorously from time 
to time whilst cooling to the ordinary temperature. 

Method II (with Nicotine Buffer), Suitable for Detection of Very Slight Traces of Chloride.— 
Make and wash three times as much of the mixture of silver halides as was recommended for 
Method I (see Note 1). Simultaneously carry out a blank test by precipitating silver bromide 
from 3 c.c. of chloride-free N-ammonium bromide. In each case dissolve the precipitate by 
shaking in a stoppered vessel with 40 c.c. of concentrated ammonia (d 0-880), and evaporate the 
solution to half bulk in a basin on a steam-bath. Decant the liquid from the precipitated silver 
bromide into a tall-pattern 150 c.c. beaker previously marked at the 20c.c. level. If the volume 
is less than 20 c.c. make it up with 3N-ammonia. Boil vigorously, making up the volume at 
intervals of a minute until four additions have been made. Boil for 1 minute after the last 
addition, cool to about 50°, add 8 c.c. of the turbid solution to 4 c.c. of nicotine buffer, and add 
the mixture to 0-5 c.c. of 0-1N-silver nitrate and set aside in the dark for at least 4 hour (see 
Note 2). Filter, and to the filtrate add one-fifth of its volume of 8—12N-sulphuric acid. The 
presence of chloride is indicated if after 5—10 minutes’ standing the turbidity in the test solu- 
tion is appreciably greater than in the blank as viewed in ordinary light. If the solutions are 
compared in a nephelometer, a difference of 40% should be ignored, but any larger difference 
may be regarded as certain evidence of the presence of chloride. In the absence of a nephelo- 
meter, a Walpole type of comparator may be used for qualitative purposes, the solutions being 
observed by looking down the tubes which are illuminated horizontally. 

Note 1. Under the conditions recommended, the buffer limits the chloride solubility to 
that present in a mixture containing 0-25 mg. Cl per 100 mg. Br. If it be desired to extend 
the range of the test, e.g., to cover the range of chloride liable to be present in A.R. bromide, 
only one-third as much of the original substance as recommended above should be taken. The 
sensitivity will then be 0-006 mg. Cl per 100 mg. Br. 

Note 2. Although the extra precipitate which is formed when the mixture is added to the 
silver nitrate comes out in a very finely divided form, it should be possible to obtain a perfectly 
clear filtrate after 4 hour’s standing if a fine-pored filter is used. Mixing the solutions while 
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still hot helps to ensure this. The filtrate should be acidified without undue delay, since on 
prolonged standing a further turbidity may arise. Provided the test solution and the blank 
be treated in the same way, the comparison may be effected after 4 hour’s standing. If, how- 
ever, extremely slight traces are sought, rather longer standing is desirable (preferably over- 
night), as the turbidity of the blank will then be somewhat less. 

Note 3. The use of a mercuric salt is not recommended when testing for very slight traces 
of chloride. In such a case it is essential to carry out a blank test with the reagents, and the 
turbidity due to bromide in this form of the separation is very slight. 

Note 4. Attention is called to the fact that a dangerously poisonous amount of nicotine 
can readily be absorbed through the skin. It should at once be washed off with cold water. 


TABLE II. 
Yields % obtained by Method I. 


Total halide taken = 0-5c.c. of N-solution; 5 c.c. of 0-1N-AgNO, added before boiling; volume 
made up each minute to 50 c.c.; volume after boiling = 45—47 c.c. 





Concn. of Equivs. Cl’ per 100 equivs. Br’ + Cl’. 

added ? rise . 

NH,OH. 0°3. 0°5. 2. 3. 10. 30. 50. 100. 

6N ‘* v.s.t. 84 89 87 84 100 72 
(3b) (10b) (46—100) (26—100) 

3N v.s.t. s.t. m.t. 8l 88 92 80 49 
(10b) (18b) (36—100) (20—62) 

2N vat. s.t. m.t. 8l 85 43 24 
(32b) (21—80) (12—45) 


Turbidities: v.s.t. = very slight turbidity; m.t. = marked turbidity; 3b = turbidity 
3 times that obtained in blank test, and soon. Sufficient Hg(NO,), was used in all series to ensure 
that the blank appeared clear under ordinary conditions of illumination. The minimum 
turbidity easily detectable without a nephelometer was about 10b. 

Yields (determined gravimetrically). In the last two columns yields corresponding to the 
mean value for NH,OH are first given, followed in parentheses by the limits. These yields 
were calculated from the experimental data on the assumption, justified by the results, that the 
yield when limited by the ammonia concentration is proportional to [NH,OH]*. Yields given 
in other columns are the direct results of single experiments or the arithmetic means of several, 
and are not materially affected by small variations in the ammonia concentration. 


TABLE III. 
Turbidities obtained by Method II. 


Method II A: AgNO, is added after boiling off excess of NH,OH. Total halide taken = 3 c.c. 
of N-solution. During boiling, volume made up each minute to 20 c.c. 

Method II B: AgNO, (2 c.c. of N/10) added before boiling off excess of NH,OH. Total halide 
taken = 3 c.c. of N-solution. During boiling, volume made up each minute to 40 c.c. 


Equivs. Cl’ per 100 equivs. of Br’ + Cl’. 





‘ 


Method. 0. 0°005. 0-01. 0°03. 0-06. 0°25. 0°5. 1. 3. 
IiA 1 16 2:1 41 — — 64 80 ~—t 
IIB 1 15 21 3°8 6 25 60 — 350 


Discussion of Results.—Particulars of the results obtained are given in Tables II and III. 
It will be seen that if the concentration of the added ammonia is increased to $N, the percentage 
yields obtained are somewhat improved for cases where the proportion of chloride is high, 
but the final ammonia concentrations are more erratic and the test becomes somewhat less 
sensitive. On the other hand, if the concentration of added ammonia is reduced to 2N, the 
precipitate from a pure chloride is only of the same order of magnitude as that obtained when 
the chlorion concentration is 30% of the bromion concentration. The use of 3N-ammonia 
appears to be the best compromise, since, for mixtures containing up to 50 equivs. % of bromide, 
the yields are of the order 80—90%, and thus afford a fair criterion of quantity. Since the test 
in its simple form will readily permit the detection of chloride down to 0-5 equiv. % (i.e., 0-2 
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mg. Cl’ per 100 mg. Br’), it will show the presence of amounts exceeding those permissible in 
A.R. material. 

Method II will detect chlorion down to 0-002 mg. per 100 mg. of bromion, and the yields 
obtained are sufficiently regular to permit of nephelometric comparison with the turbidities 
produced from samples containing known percentages of chloride. This method is limited as 
to the maximum amount of chloride which can be dissolved (see Note 1), but if it were desired 
to prepare a buffer capable of dissolving a much larger quantity of silver chloride, this could 
readily be done by the addition of an ammonium salt to the buffer here recommended. 


This investigation has shown that, although the ammonia separation in its original 
form is very inefficient, yet, with the modifications now described, it is capable of giving 
results which are adequate for all qualitative purposes and for the nephelometric estimation 
of very minute traces. In sensitivity, the nicotine method compares favourably with 
Noyes’s permanganate method (‘‘ Qualitative Chemical Analysis,” 1922, 9th Edn.) and 
Orlow’s manganese dioxide method (Z. anal. Chem., 1931, 84, 185). It is intended shortly 
to describe comparative tests carried out with these and a number of varieties of differential 
oxidation methods. The minimum amount detectable by the nicotine method could 
scarcely be found by those quantitative methods which virtually amount to the deter- 
mination of the equivalent of bromine, since this would be affected by only 0-003% of its 
value. 


THE UNIVERSITY, SHEFFIELD. (Received, March 15th, 1934.) 





170. The Absorption Spectra of Some Polyatomic Molecules 
containing Methyl and Ethyl Radicals. 


By H. W. THompPson. 


THE following is a preliminary account of some experiments which are in progress in which 
the spectra of the vapours of methyl and ethyl compounds of zinc, lead, mercury, phos- 
phorus, nitrogen, oxygen, and sulphur are being examined. These measurements have a 
manifold purpose. First, they may give information to assist in the interpretation of 
the spectra of polyatomic molecules, in which direction little progress has so far been made. 
The presence of similar groups in the respective compounds of the series should provide 
standards of comparison and simplify the analysis. Secondly, the measurements should 
provide a knowledge of the structure and stability of the molecules in their normal and 
excited states. Thirdly, an insight should be gained into the mechanisms of the photo- 
chemical decomposition of the substances, which may then be compared with the correspond- 
ing thermal processes. It should be remembered that in inferring the mechanism of photo- 
chemical decomposition from the nature of an absorption spectrum, importance attaches 
not only to the occurrence of one type or another of diffuse region, but also to the dis- 
covery of the types and nature of vibrations which are induced in the excited states. The 
introduction of deformation vibrations rather than, or in addition to, purely valency 
vibrations, may be very important in a subsequent decomposition of the molecule. Finally, 
it is of interest to discover whether the different symmetry arrangements in molecule 
types such as diethylzinc, triethylphosphine, and tetraethyl-lead are reflected in the 
structure of their spectra. 

The measurements now to be described relate to dimethyl- and diethyl-zinc and tetra- 
ethyl-lead. Since more detailed analysis will require a still higher dispersion and may 
not be completed for some time, several features already established are outlined. 

Comparatively few measurements on the absorption spectra of polyatomic molecules 
are on record. Henri, Norrish, and others have studied aldehydes and ketones, the spectra 
of which in the quartz ultra-violet are connected with the properties of the chromophoric 
carbonyl group. Scheibe, Povenz, and Linstrém have extended these measurements to 
higher frequencies and the Schumann region, where the systems observed again probably 
involve a higher excitation of the carbonyl group. Herzberg and others have studied 
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methylamine, where the spectrum observed can be attributed essentially to vibrations 
excited concurrently with an electronic excitation in the amino-group. 

Investigations relevant to those described below, where the alkyl radicals are attached 
to a single atom in the molecule, are those on the methyl halides by Herzberg and Scheibe 
(Z. physikal. Chem., 1930, B, 7, 390), by Henrici (Z. Physik, 1932, 77, 35), and by Scheibe, 
Povenz, and Linstrém (Z. physikal. Chem., 1933, B, 20, 283). Herzberg and Teller (ibid., 
21, 410) have also discussed some of the results in connexion with theoretical considerations 
on the types of vibration induced by electronic excitation. With methyl iodide, bromide, 
and chloride, the spectrum consists of a region of continuous absorption on the longer- 
wave side of discrete band systems. With methyl iodide the maximum in the continuum 
lies at ca. 2590 A., and the threshold at ca. 2950 A. The first band occurs at 2063 A. In 
passing from iodo- to chloro-compounds the whole spectrum is displaced towards higher 
frequencies. The threshold for the continuous absorption has been employed to determine 
the energy of the carbon-halogen link, which is supposed to break (cf. also Iredale and 
Mills, Proc. Roy. Soc., 1931, 188, A, 430; Iredale, Z. physikal. Chem., 1932, B, 20, 340). 
There is some doubt as to whether the discrete bands are connected with electronic excit- 
ation in the methyl group or in the carbon-halogen link. In view of all the facts, Herz- 
berg and Teller favoured the former alternative but this has recently been questioned 
(Scheibe and Grieneisen, Z. physikal. Chem., 1934, B, 25, 52). The intervals between the 
stronger bands correspond to a deformation vibration frequency, 1090 cm.~, of the methyl 
group in the excited state. No intense bands appear which might be connected with 
excitation of carbon-halogen vibrations. The feebler bands are interpreted as being due 
to absorption from higher vibrational levels in the ground state, or to the excitation of L 
vibrations. In general the types of vibration induced are those which would be expected 
from the theoretical considerations of Herzberg and Teller, the strongest involving totally 
symmetrical vibrations. 

EXPERIMENTAL. 

The dimethyl- and diethyl-zinc and tetraethyl-lead, supplied as pure by Messrs. Harrington 
Ltd. (Kahlbaum product), were repurified by vacuum distillation. The final products were 
colourless, had the correct vapour pressures, and were free from methyl and ethyl halides. The 
absorption vessels were cylindrical glass tubes 5—50 cm. long with polished quartz ends cemented 
on. Pyessures were measured by a mercury manometer, and the apparatus evacuated by a 
Hyvac oil pump, suitable traps being introduced. The spectrograph was a Hilger instrument 
E 315 and the range studied 2100—7000 A. The continuous source used was a hydrogen 
discharge tube consuming 3 kw. 

Results.—Dimethylzinc. Pressures from 0-5 to 200 mm. of the vapour were used. Discrete 
absorption was never observed. With increasing pressures a continuous absorption starting 
at higher frequencies gradually extended towards longer wave-lengths. At the highest pres- 
sures used, the threshold for this continuum was at ca. 2600 A. Fig. 1 shows photographs 
taken under the following conditions : 

Column 16 cm. Exposure 5 mins. Temp. 18°. 
Gy. caticwictinsanccesscssscacessss 1 2 3 4 5 6 7 8 9 10 
Press. of ZnMe,, mm. ...... 0 05 1-0 15 2-0 30. 50 10-0 50 200 
The absorption is quite marked at pressures less than 1mm. The limit at 2600 A. corresponds 
to 38460 cm.-!, or absorption of ca. 108 kg.-cals. per g.-mol. 

Diethylzinc. Pressures from 9 to 10 mm. were used. A region of continuous absorption 
similar to that found with dimethylzinc, but beginning at ca. 2800 A. (102 kg.-cals. per g.-mol.), 
overlaps one of peculiarly spaced diffuse bands. Increase of pressure markedly favours the 
development of the continuous absorption. The striking feature of the band system is the 
occurrence of pairs of bands marked «, 8, y, 8 in Fig. 2. These pairs are almost equidistantly 
spaced, are entirely diffuse, without a head, and have the general characteristics of predis- 
sociation bands. The four pairs here given occur at wave-lengths (centres of bands) ca. 2396-5, 
2375-5; 2335-5, 2316; 2278, 2260; and 2224-5, 2216 A. There may be other such pairs at 
higher frequencies, but it is difficult to develop them in the presence of the overlapping con- 
tinuum. A much fainter and narrower band occurs at 2423 A., and between each of the intense 
pairs is a group of three or four narrow bands and a single band. Measurement of the wave- 
lengths of these is difficult but will be more satisfactory with higher dispersion. 
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The photographs of Fig. 2 were taken under the following conditions : temperature 18°; 
exposure 5 mins.; column 16 cm. (Nos. 1—7), 5-5 cm. (Nos. 8—16). Table I gives the wave- 
lengths of the centres of the bands, and Fig. 3 shows the approximate spacings and interval 
relationships. 

No. 3 4 5 6 7 

Press. of ZnEt,, mm. : ' 3°0 70 95 12:0 2-0 

No. 10 11 12 13 14 15 16 
Press. of ZnEt,, mm. , 2°5 15 1-0 2 0°5 10 0 
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Diethylzinc. 
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Diethylzinc. 
Desig- Wave- Desig- Wave- Desig- Wave- 


Doubtful 


nation. length, A. Remarks. nation. length, A. Remarks. nation. length, A. Remarks. 
? 


2423 2346°9 Cs 

2396°5 Broad 2335°5 Broad Cs 2287°5 

2375°5 = B 2316 oe v1 2278 Broad 

2363-1 Narrow 2303°5 2260 

2360-6 a 2300°7 2224-4 

2357°8 “a 2297°6 2206 

? Doubtful : 
* The wave-lengths given here may be amended slightly by subsequent work. Those of the pro- 

minent bands are given to the nearest 0°5 A. The weaker bands are narrower and much closer; in 
these cases attempts are made to greater exactness, since the intervals are much smaller. 


Tetraethyl-lead. Pressures of 0—5 mm. were used. The photographs of Fig. 4 were taken 
under the following conditions : 


Column 20cm. Exposure 10 mins. Temp. 18°. 


No. 2 3 
Press. of PbEt,, mm. 2 2 


Fig. 4a is an enlargement of some of the bands. 

It is seen that a system of narrow, sharp bands occurs from ca. 2700 A. towards shorter 
wave-lengths. Its structure is quite different from that given by diethylzinc, and there is no 
overlapping continuum, although a slight continuous absorption may begin below ca. 2200 A. 
There are some six or seven prominent groups of bands, with sharp heads and degrading to 
the red. In each of these groups two intense bands stand out; the stronger has the higher 
frequency head and is more developed than that at lower frequency. Fine structure of the 
rotational levels cannot be detected in the bands, but in a heavy molecule of this type this is 
not surprising; and the occurrence of what appears to be a gap near the head of each of the 
bands, in addition to their sharp head, suggests that they are probably not diffuse. This gap 
may indicate that only P and R branches are involved, not Q branches. 

Between the two prominent bands of each of the prominent groups occurs a fainter band. 
Between the prominent groups occur much fainter narrow bands which have almost the ap- 
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pearance of lines. These apparently occur in groups of three, the components of each triplet 
group not having equal intensity. There may be other lines not yet recorded. The intensity 
of the most prominent bands in the principal groups does not fall off uniformly on passing 
from longer to shorter wave-lengths; the second group band has the highest intensity. The 
spectrum and the approximate relative intensities are represented in Fig. 5. Table II gives 
the wave-lengths of band heads. 


Fie. 5. 
Tetraethyl-lead. 
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TABLE II. 
Tetraethyl-lead. 
Desig- Wave- Desig- Wave- Desig- Wave- Desig- Wave- 
nation. length, A. nation. length, A. nation. length, A. nation. length, A. 
G, 2679-2 21 2562°5 js 2491°8 ds 2427-7 
G, 2673 hy 2559°5 {i 2489°6 A, 2425-2 
Gs 2666-7 \ ay 2556°4 l, 2488°5 B, 2420-2 
if — *f jr 2551 As 2481°3 || Cy 2414-6 
hg — *t {ky 2549°8 B,; 2476 a% 2413°5 
Io 2616 1, 2547 Cs 2471 {t 2411 
Je 2611 As 2540°7 § as 2470 Gy 2409 
Ro 2609 B, 2535°7 bs 2468-4 d.—, 
ly 2606°5 Cy 2530 Cs 2465-2 X, 2373-2 
A, 2600-3 ft a, 2528°5 d; 2457-2 A, 2370°2 
B, 2595°7 bs 2526°5 es -- B,; 2366-6 
Cy 2589°5 Cs 2523-6 ifs —- Cs 2361°5 
a, — ft d, 2515-4 £3 2446 X35 2322-8 
b, —ft es 2512 hs 2442-6 Ce 2311-5 
Cy —ft fe 2507°5 is 2440°5 xX, 2274°6 
d, —* f Le 2503 js 2435 C; 2263 
{«: —* hs 2500 ks 2433-2 
fi —* ig 2497-4 ls 2431-4 
* Not measured. + Doubtful. ft Also at A,’ 2602(?). § Also at A,’ 2542(?). 


|| Also at A,’ 2483(?). 


DISCUSSION. 


Continua.—The continuous absorption by dimethylzinc beginning at ca. 2600 A. must 
be attributed to a dissociation process. The continuum differs from that observed with 
methyl iodide (Herzberg and Scheibe; Iredale, Jocc. cit.) in having no marked maximum, 
but rapidly becoming complete beyond the threshold. The continuous absorption is 
strongly affected by changes of pressure. The energy required to remove a hydrogen 
atom from the methyl group is probably at least 100 kg.-cals. If there were no excitation 
of the products of dissociation, the energy corresponding to the limit at 2600 A. (108 kg.- 
cals.) might be just sufficient. A similar process might then be involved in the case of 
the ethyl iodide continuum, the small difference in the absorbed quantum (102 kg.-cals.) 
being reasonable. It is, however, certain that this process is not operative; if it were, 
tetraethyl-lead would probably give a similar continuous absorption, starting at approxim- 
ately the same wave-length, but this does not occur. Herzberg and Scheibe, and also 
3F 
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Iredale, concluded that the methyl halide continua are not connected with the scission 
of a hydrogen atom, but with a breakage of the carbon—halogen link. Moreover, from the 
measurements on the alkyl compounds in general, it seems certain that the methyl radical 
does not absorb electronic energy at wave-lengths greater than 2000 A. In addition, if 
the initial excitation occurred in the methyl group, followed by a subsequent transfer of 
energy to the zinc-carbon link, diffuse bands would probably be obtained. 

It is therefore reasonable to attribute the continua in both dimethyl- and diethyl- 
zinc to the excitation and splitting of the zinc-carbon link. If it be legitimate to draw 
the potential-energy curves in their simple form, there will then be absorption from the 
stable ground state A (Fig. 6a) to an excited unstable state B, the primary act then being, 
e.g., ZnMe, + hv —> ZnMe + Me, one or both of the radicals probably being excited and 
carrying surplus kinetic energy. On this basis, the energy of the zinc-carbon link would 
be not greater than 100 kg.-cals. and probably appreciably less than this value, 1.€., by the 
amount of excitation energy of the products. Thermochemical data are not available for 
checking this, but it appears to be a reasonable value. It is impossible to make an estimate 
of the energy of excitation of the products here; in the case of methyl iodide it may be 
as much as 45 kg.-cals. 

An alternative view of the mechanism of the dissociation, which might be suggested 
on the basis of photochemical work with other substances, is that a simultaneous fission 
of both alkyl groups occurs, e.g., ZnMe, + hv —> 
Zn + 2Me, the energy being absorbed by one 
zinc-carbon link and subsequently distributed 
between the two. Collisions might be expected 
to facilitate this partition, which would have to 
occur within the period required for some com- 
plete vibration. The development of the con- 
tinuum towards longer wave-lengths is, indeed, 
markedly increased by increase of pressure. 
Again, the introduction of vibrations into one 
zinc—carbon link as a result of electronic excit- 
ation will almost certainly automatically induce 
vibrations in the other similar link. According 
to the structure and symmetry properties of the whole molecule, these induced vibrations 
will be of different types. The introduction of deformation vibrations into these links 
might well lead to a simultaneous scission of both alkyl groups. 

Photochemical measurements and an analysis of the products of decomposition with 
compounds containing different alkyl groups, ¢.g., ZnMeEt, are being carried out in order 
to decide which of the two mechanisms is operative. 

Bands.—From the general character of the system and the relatively small intervals, 
it is supposed that all the bands observed with diethylzinc are connected with the same 
electronic transition. The existence of bands with this compound and their absence 
with the dimethyl compound might suggest that this excitation is in the ethyl radical, 
and indeed in the C-C link; but tetraethyl-lead does not give the same band system at 
all, and ethyl iodide (Scheibe, Povenz, and Linstrém, Joc. cit.) gives no bands in the region 
concerned. It is very likely that with diethylzinc, two states of excitation of the zinc- 
carbon link exist, one unstable, like that of dimethylzinc (B), but the other stable with 
its potential-energy curve (C) intersecting that of the unstable state (Fig. 6b). This would 
explain the diffuse (predissociated) nature of the bands. A similar hypothesis was intro- 
duced by Herzberg and Scheibe for the methyl halides. It may be that, with dimethy]l- 
zinc at much higher frequencies, discrete bands can be obtained corresponding to transitions 
from the state A to the state D (Fig. 6a). A similar displacement of the region of electronic 
absorption of the carbon-halogen link with the nature of the halogen has been found to 
occur. 

The principal bands with diethylzinc can be interpreted by the energy-level scheme 
shown in Fig. 7. The more intense pairs of bands, «, 8, y, 8, are regarded as involving 
transitions from the ground state, and the feebler band designated a as a transition from 
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the first vibration level (456 cm.-) of the ground state. That the intensity of the principal 
bands steadily decreases from the first onwards to higher frequencies, 7.e., does not first 
increase and then decrease, suggests in accordance with the Franck—Condon principle 
that there is little change in the binding on electronic excitation. At the temperatures 
employed, it is improbable that the molecule will possess more than one or two vibrational 
quanta of the magnitude involved here. The Boltzmann factor would suggest that the 
relative probability of the ground state and the 456 cm. level is about 1:10. This is 
the order of the relative intensities of bandsaand«,. The intervals between the two bands 
of each pair (369, 361, 350, 377) are interpreted as vibrations in the excited state cor- 
responding to the 456 cm. vibration of the ground state. The other prominent interval 
is an excited state of frequency 1080—1090. Feebler bands suggest a vibration frequency 
in the excited state of ca. 890. Transitions from the first vibrational level of the ground 
state represented in Fig. 7 by 6, a’, may occur, but will be relatively feeble and lie so close 
to the «, ®,, . . . diffuse bands as to be undetected. The very weak bands marked 3,, 
Fic. 7. 
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be, bg, C1, Cg, C3, have not yet been satisfactorily interpreted. It can be supposed that they 
arise from transitions from the ground state to a three- (or four-)fold level in the excited 
state, with frequencies grouped ca. 50 cm. about 635cm."1._ A consideration of the Raman 
frequencies (Venkateswaran, Indian J. Physics, 1930, 5, 145) given for diethylzinc supports 
the above scheme. The three strongest frequencies are 474, 1174, and 2874. With 
dimethylzinc there are three corresponding frequencies 506, 1165, and 2883, so no marked 
alteration occurs with the change from methyl to ethyl groups. The value 2880 is pre- 
valent in most alkyl compounds of very different types, and is generally regarded as a 
C-H valency vibration; 474 is almost certainly a valency vibration of the zinc-carbon 
link, and 1174 probably a deformation vibration. The normal valency vibration found 
for the ground state (456) agrees satisfactorily with the Raman value 474. This is pre- 
sumably modified in the excited state to 369, etc. It is not yet clear whether the 1090 
interval found is the 1174 Raman frequency modified in the excited state. Another 
possibility is that it represents a deformation frequency of the methyl radical which was 
found to be intense with methyl iodide and other alkyl compounds, and has exactly this 
value. 
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The frequency 890 and the split level about 640 are not at present explained. They 
may correspond to frequencies not detected in the Raman measurements; the infra-red 
spectrum has not been measured. Two feeble Raman frequencies, 933 and 987, are re- 
corded, one of which may be amended here to 890. The splitting of the 640 group may be 
in accordance with the symmetry properties of the molecule (cf. Mecke, “‘ Molekiilstruktur,” 
1931, p. 51), and their low intensity may imply that they involve non-totally symmetrical 
vibrations. 

The band system of tetraethyl-lead must arise from an electronic excitation in the 
lead—carbon link, and the intensity distribution of the strongest bands, which passes 
through a maximum, suggests that in the excitation the system behaves similarly to a 
diatomic molecule, 7.e., the alkyl groups are fairly rigid. The correlation into an energy- 
level scheme is more difficult than with diethylzinc owing to the peculiar intensity dis- 


Fic. 8. 


tribution of the weaker bands, and in addition, no data are available on either the Raman 
spectrum or the infra-red spectrum. According to Mecke (of. cit.), molecules with tetra- 
hedral symmetry give two vibration levels which are each split three-fold—an antisym- 
metrical valency vibration and a symmetrical deformation. This suggests a possible 
interpretation of the observed weaker groups of three. With the stronger and more 
developed bands it is seen that the intervals G,A,, G,B,, G,C,, of 1132, 1114, and 1122, 
are markedly different from the spacing ca. 904—945 of the intense pairs of heads. Also 
G,, Gg, Gs, are much weaker. This suggests that ca. 1125 is a vibration in the ground 
state. It may well be a deformation vibration similar to the 1174 of diethylzinc. The 
frequencies 904—945 may involve the same vibration modified in the excited state. 

That the bands A,, B, lie on the longer-wave side of the C, bands, and have a lower 
intensity, suggests that A,, B, also represent absorption from higher vibration levels in 
the ground state; but in intensity C, > A, > B,, and the G level is not single but gives 
a similar group of three. It must therefore be concluded that the A,—C, intervals repre- 
sent vibration levels in the excited state. This may also be true of the B,—C, intervals, 
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and the lower intensity of the B bands may be due to the type of symmetry change involved. 
A tentative scheme is given in Fig. 8. Explanation of the X, bands at higher frequencies, 
which become stronger than the A, bands, is postponed. They may be connected with 
those designated A,’, A,’, Ag’. 

If the scheme given is correct, electronic excitation of the lead-carbon link is pre- 
dominantly accompanied by an excitation of the valency vibration ca. 170 cm.-1, and this 
type of vibration is induced to the exclusion of others more than was the case with diethyl- 
zinc. 

Duncan and Murray (J. Chem. Physics, 1934, 2, 146) have recently published work 
on the Raman spectrum of tetramethyl-lead. By analogy with dimethyl- and diethyl- 
zinc, the Raman frequencies of which are similar, as already stated, a close similarity 
might also be expected between tetramethyl- and tetraethyl-lead. With the former, 
the stronger frequencies found are 135, 458, 472, with somewhat weaker 2921, 3000, and 
1155, and a few still feebler vibrations, ¢.g., 930. It is noticeable that two strong pairs 
of frequencies occur, and that the 135 vibration is intense. The 170 vibration found in 
the ultra-violet absorption of tetraethyl-lead will then be related to a frequency correspond- 
ing to the 135 of tetramethyl-lead. The ultra-violet frequency 1125 may be connected 
with the Raman 1155, and the 940 may be the same frequency modified by the electronic 
excitation; but the very feeble frequency 930 found in the Raman spectrum may, by 
virtue of the type of vibration it involves, appear more strongly in the infra-red and ultra- 
violet absorption spectra, and it may be that this is the correct interpretation. It is, 
however, remarkable that the intense Raman frequencies 458 and 472 do not appear 
in the ultra-violet absorption. The 930 frequency might be a harmonic of one of these, 
but there seems to be no reason why such a harmonic should be particularly preferred to 
the fundamental vibration. 

SUMMARY. 


As the first part of a series in which the absorption spectra of certain polyatomic mole- 
cules containing methyl and ethyl radicals are being examined, the results with dimethyl- 
and diethyl-zinc and tetraethyl-lead are reported. The spectrum of the first is continuous, 
that of the second shows diffuse bands with an overlapping continuum, and that of the 
third gives a quite different, sharp, band system. Attempts are made to correlate the 
vibration levels induced by electronic excitation with types of vibration theoretically known 
to occur, and with the Raman frequencies. 


I am indebted to the Government Grant Committee of the Royal Society for the loan of a 
spectrograph, and to Messrs. G. W. Linnett and J. J. Frewing for assistance in taking some of 
the photographs. 
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171. The Catalytic Hydrogenation of Simple Molecules by Light 
and by Heavy Hydrogen. 
By H. W. MELVILLE. 


THE discovery of the heavy isotope of hydrogen has raised a number of new problems in 
chemical kinetics. As has already been demonstrated, the velocity of reaction of the two 
isotopes is, in certain cases, widely different—a circumstance which allows of their separ- 
ation. The first question to arise is whether separation is to be obtained in every chemical 
reaction involving either the production or the disappearance of hydrogen as molecules 
or as atoms, the reactions occurring in the gas phase or in presence of a catalyst. It is 
probable that the energies of activation for reaction will be somewhat different for hydrogen 
and for deuterium. On account of the large difference of mass, however, another important 
factor must be taken into consideration, for Eyring and Polanyi (Z. physikal. Chem., 1931, 
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12, B, 279) have pointed out that the zero-point energy of the hydrogen molecule, which 
is 6-1 kg.-cals. for H, and 4-4 kg.-cals. for D, (Urey and Rittenberg, J. Chem. Physics, 
1933, 1, 137), would certainly make an important contribution to the energy of activation 
of the reaction. In those reactions in which the energy of activation is small, a relatively 
large difference in velocity coefficients is to be expected. In addition, it may happen, on 
account of the small mass, that the probability of the quantum-mechanical leakage of 
hydrogen and of deuterium through energy barriers is responsible for part of the difference 
in chemical reactivities, but Cremer and Polanyi (Z. physikal. Chem., 1932, 19, B, 443) 
have shown that this factor is not nearly so great as that calculated theoretically. 

The first problem in kinetics is thus to find the relative magnitudes of the velocities 
of reaction of the isotopes, and to see whether any difference is to be explained on the basis 
of the different zero-point energies of the hydrogen and the deuterium compound. That 
this point of view does explain the principal cause of the separation has already been 
demonstrated quantitatively by Farkas and Farkas (Proc. Roy. Soc., 1934, A, 144, 467) 
for the diffusion of hydrogen-deuterium mixtures through palladium. It is the object 
of the present investigation to find if similar variations can be obtained in a somewhat 
more complicated reaction, viz., the hydrogenation of simple molecules on a metal catalyst. 
The results with palladium have shown that it is necessary to work at low temperatures to 
ensure separation. The choice of catalysts was therefore restricted, and nickel was 


employed. 
EXPERIMENTAL. 


The four reactions chosen were the hydrogenation of carbon monoxide, oxygen, nitrous 
oxide, and ethylene, since these all occur readily on a suitably prepared nickel catalyst at a 
temperature favourable for the separation. Highly active nickel catalysts spread upon an 
inert support are very sensitive to poisons, adsorb a considerable amount of the reactants, and 
do not give accurately reproducible results. A spiral of nickel wire was therefore employed, 
for although the activity could not be made so great as that of a bulk catalyst, yet the ease of 
temperature control and reproducibility offered great advantages. It required repeated oxidation 
and reduction before it was sufficiently active. After this treatment it was fairly easily poisoned, 
but its previous activity could, in general, be restored by oxidation and reduction (sometimes 
reduction alone sufficed). It was necessary to study the kinetics of these hydrogenations over a 
wide range in order to find suitable pressure and temperature regions. 

The apparatus consisted of a reaction tube of 15 c.c. capacity attached to a capillary mercury 
manometer and to a glass-spring gauge, the latter being used for measuring pressures down to 
1mm. The nickel wire was 50 cm. long and 0-01 cm. in diameter. It was placed in a bridge 
circuit for temperature control; the temperatures were calculated from the resistance, no end 
corrections being applied. Calcium chloride was placed in the bottom of the reaction tube to 
absorb water vapour in those reactions where it was formed. The reaction tube was kept in ice, 
and the pressure readings were only made when the filament was switched off. Exhaustion 
of the apparatus was effected by a mercury condensation pump. 

The carbon monoxide was prepared by dropping formic acid into an evacuated flask con- 
taining warm concentrated sulphuric acid; it was then passed over soda—lime and phosphoric 
oxide and through a liquid-air trap. Nitrous oxide was obtained from a cylinder and purified 
by fractional distillation. Oxygen from potassium permanganate was purified in the same 
manner as the carbon monoxide. Electrolytic hydrogen was freed from oxygen by palladised 
asbestos. Deuterium—hydrogen mixtures were prepared by decomposing water containing a 
known percentage of D,O on a well out-gassed tungsten filament; if necessary the gas could be 
further purified by diffusion through palladium. Preliminary experiments with ordinary 
water showed that hydrogen prepared by the two methods reacted with the same velocity. 
The deuterium content of the mixture was checked by analysis by the thermal conductivity 
method (this was kindly done by Drs. L. and A. Farkas). 

The Carbon Monoxide Hydrogenation.—The first experiments with a nickel catalyst (Sabatier 
and Senderens, Ann. Chim., 1905, 4, 424; Compt. rend., 1902, 134, 514, 689) indicated that 
the reaction was CO + 3H, = CH,+H,O. Later, flow experiments by Armstrong and 
Hilditch (Proc. Roy. Soc., 1923, A, 103, 25) showed, however, that the reaction was 2CO + 2H, = 
CO, + CH,. First, it was therefore necessary to find which of these reactions occurred in the 
static system with a wire catalyst. The second scheme may be represented by the equations 
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CO + H, = CH, + H,O, CO + H,O = CO, + H,, and consequently, if the water vapour 
is removed continuously during the reaction, the water-gas reaction should not occur, and the 
products ought to be methane and water. Qualitative experiments supported these assumptions, 
for if the reaction was allowed to proceed with the tube at 0°, both carbon dioxide and water 
vapour were formed, but if the reaction tube was kept in carbon dioxide-ether at — 80° (water 
vapour pressure less than 10-* mm.; the stationary concentration near the surface of the wire 
would naturally be higher), no carbon dioxide could be detected in the products of the reaction. 
In the experiments to be described below, calcium chloride was used to prevent the occurrence 
of the water-gas reaction. At first, owing to the low activity of the wire, a measurable reaction 
could only be obtained at about 400°; but carbonisation of the filament was extremely rapid 
and therefore reproducible results could not be obtained. Even at 271° it was difficult to get 
accurately reproducible results, and consequently experiments with deuterium were not carried 
out. In Table I two series of runs with varying poo and py, are given to show that the reaction 
probably occurs by the adsorption of hydrogen on the portions of the nickel surface which are 
not covered by carbon monoxide, for this gas is a strong inhibitor and the reaction velocity is 
nearly proportional to the hydrogen pressure; ¢is the time (in minutes), Ap the change of pressure 
(in mm.), and ¢ the initial rate of reaction (mm./min.). 


TABLE I. 


Temp. 271°. Effect of carbon monoxide. Effect of hydrogen. 
20°6 41°8 101-4 ; 10°8 10°8 
197°8 199-2 198°6 : 50°2 25°8 
Ap. Ap. Ap. Ap. ’ Ap. Ap. 
6°4 70 3° 7:2 ‘ 2°8 0°8 
14°8 10°8 7 13°4 : _ — 
23-0 16-0 0° 19°4 , 6°4 2-2 
31:4 21°8 3 21-2 , — — 
_- — — - . 10:0 3°2 
—- -- oe = — 13°8 4:2 
3°9 2°75 1-80 3°7 2: 1-2 0°39 


Hydrogenation of Nitrous Oxide.—With the same catalyst as before, the hydrogen—nitrous 
oxide reaction was rapid at about 150° (cf. Sabatier and Senderens, Compt. rend., 1902, 135, 278). 
The observed rate was not due to the oxidation of the wire by nitrous oxide and immediate 
reduction by hydrogen, for the rate of decomposition of the nitrous oxide as measured by a 
McLeod gauge was at least 100 times slower. If the water was allowed to accumulate, it 
appeared to exert no inhibitory action. Nevertheless, this may mean that the reaction velocity 
is independent of y,9 over a wide range, and that actually a layer of water is present during the 
whole course of the reaction. The water takes a fraction of a second to reach the absorbent 
and thus a small stationary concentration must exist in the gas phase, which may be sufficient 
to keep the surface saturated. 

As will be shown below, the kinetics of this reaction do not obey any simple equation, and 
hence series of runs have been made over the whole of the available range, in order that well- 
defined and known conditions may be found for a comparison of the rates of reaction of the 
two isotopes. 

In Table II, typical results are given. The initial rate of reaction is plotted against py,o in 
Fig. 2, from which it will be observed that in this pressure range nitrous oxide behaves similarly 


TABLE II. 
Temp. 123°. Temp. 135°. 








206 202 443-4 689-2 3-76 3:80 26-27 
20-4 377°6 20-2 =-210 3°76 14-72 


Ap. Ap. Ap. Ap. Ap. 
2°2 7°8 4°6 0°31 0°30 
4°6 11-0 j — — 
— 0°61 0°64 
11-2 i — _ 
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to carbon monoxide, in that it inhibits the reaction and apparently displaces the hydrogen from 
the nickel surface. But this explanation is not sufficient, for the rate of reaction with 200 mm. 
is not 10 times that with 20 mm. of hydrogen. 

The non-linearity between rate and hydrogen pressure was further investigated at higher 
hydrogen pressures in order to see whether it was possible to displace nitrous oxide from the 
nickel surface. For this purpose, a much smaller nitrous oxide pressure was employed, viz., 
20 mm. (Fig. 1). Where necessary, a correction was applied for the increasing activity of the 
catalyst. The drift is systematic, for when nitrous oxide is in excess, the activity decreases, 
and when hydrogen is in excess, it increases; e.g., in No. 35, y = 1-68; in No. 41, ry = 1-88 
(hydrogen in excess); in No. 37, ry = 2-37; in No. 45, y = 3-30; in No. 46, r = 1-08; in No. 50, 
vy = 0-74 (nitrous oxide in excess). 


Fie. 1. Fic. 2. 
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It is apparent from a comparison of Figs. 1 and 2 that nitrous oxide is more strongly adsorbed 
than hydrogen, for the maximum in the rate—pressure curve occurs at a lower pressure and is 
sharper. The maxima are, however, sufficiently close to show that down to low pressure the 
nickel surface must be completely covered. Experiments were therefore made at lower total 
pressures to see if the reaction rate became proportional to the pressure of hydrogen and of 
nitrous oxide. Although these anticipations are realised by the results in Fig. 3, yet there is a 
tendency at higher pressures for both curves to bend round in such a way as to show that, 
above 4 mm., hydrogen and nitrous oxide are still quite strongly adsorbed. 

The reaction has been studied under three different conditions, viz., (a) each reactant only 
moderately strongly adsorbed, (b) nitrous oxide displacing hydrogen, (c) hydrogen displacing 
nitrous oxide. From the Langmuir adsorption isotherm expressing the amounts of gas adsorbed 
under these conditions, the following three equations are obtained, 


— a(N,O}/dt = k,[H,][N,O] e-@® — 4H, ~ 48,0)/R7, 

— d{N,O]/dt = k,[H,][N,O] e-@s — 4m, + 4x,0)/R7, 

— da[N,O]/dt = k,[H,]“[N,O] e—@® + 4H3 — 4n,0)/R7, 
where k,, k,, ks are constants nearly independent of temperature, A, is the energy of activation 
of the surface reaction, and Ag, and Ay,o are the heats of adsorption of hydrogen and of nitrous 
oxide. The kinetics at any given temperature are thus in agreement with the simple assumptions 
made in deriving these equations. The apparent energy of activation ought, however, to be 


different in the three cases, and moreover, it should be possible to determine Ax, Aq,, and Ay,o 
from the three equations. Measurements were therefore made for (a) and (b), but instead of 
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(c), the temperature coefficient was measured at the maximum of the r—pq, curve, in which 
circumstance the kinetic equation becomes 


— d[N,O]/dt = ky[N,O] e-@n — Ax0)/R7- 


From Table III the surprising result is found that the apparent energy of activation is independent 
of the nature of the reaction. Two alternatives are open: (i) Ag, and Ay,o are negligible in 


TABLE III. 
High pressure (N,O 
Low pressure. | High pressure (H, in excess). im excess). 
Pu, = 3°75 Py.o = 3°7. Pu, = 200; pxio = 20. Pu, = 20; 
— : a px,o = 230. 
logy» 100r. 

1:140 
0°748 








\ 


logy) 100r. 108/T. 
1143 2-442 
0-813 2-628 
0-322 2-68 
1-402 2-354 


Temp. Y. logy, 100r. 103/T. 
136° 0-086 0°935 2-442 
117°5 0-032 0°505 2-628 
100 = o~ 
152 0-180 1-256 2-354 
163 0°39 1-591 2-296 1-786 2-296 1°67 
136 0-126 1-101 2°442 1-256 2°442 1-140 


A= 16°8 kg.-cals. A= 16-4 kg.-cals. A= 16-4 kg.-cals. 
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comparison with Ag; (ii) the mechanism postulated above does not hold at all, and adsorption 
processes do not occur in the reversible manner necessary for these equations to remain valid. 
The first alternative is unlikely since the apparent energy of activation is not large. Further 
discussion is delayed until the experiments with deuterium are described. 

Since 4 has the same value in each case, experiments with deuterium were only carried out 
at low pressures. Three runs were made, the first and third with ordinary hydrogen, the second 
with a mixture of known deuterium content. Any drift in the activity of the wire could thus 
be checked. Two series of runs are shown in Fig. 4 and it will be seen that the rate of reaction 
of the 30% deuterium mixture is somewhat less than that of ordinary hydrogen. To demonstrate 
more clearly the quantitative differences, the ratio of the times (t) required for the pressure to 
fall by a given amount (A?) are given in Table IV. 

Two further series of results gave relative velocities of 1-17 at 133° and 1-16 at 124°. The 
maximum possible ratio, on the assumption that deuterium reacts very slowly compared with 
hydrogen, is 1-41. 

The Hydrogen—Oxygen Reaction.—First, a preliminary survey of the kinetics was made in 
order to see whether this reaction bore any similarity to the preceding one. The reaction velocity 
decreases with oxygen pressure above 1 mm., but is nearly proportional to the hydrogen pressure 
(Table V). The spring manometer was not sufficiently sensitive to measure reaction velocities 
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TABLE IV. 
Temp. 192°. , Temp. 159°. 
Py,o = 11°08: Pu, == 3°72. Py,o = 11°10; Pu: == 3°70. 








Ap. t(H,). #(30% D). Ratio. Ap. #(H,). #(30% D). Ratio. 
0°74 0°32 0°40 1°25 0°74 . 2°10 1-19 
lll 0°52 0°61 1-18 1-11 3°22 1-22 
1-48 0°73 0°85 1:17 1°48 . 4°42 1-20 
1°85 0-99 1°15 1°16 1°85 5°70 1-20 
2-20 1°30 1°55 1-19 2-20 . 7°25 1-23 
2-59 1°75 2°15 1-23 2°59 . 9°50 1-28 
2-96 2°48 3°30 1°33 ‘5 13°90 1-32 
Mean 1°19 Mean 1-22 


Fie. 4. Fic. 5. 
Hydrogen-nitrous oxide reaction. Hydrogen-oxygen reaction. 
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TABLE V. 


The Hydrogen—Oxygen Reaction. 
Effect of oxygen. Temp. 226°. Effect of hydrogen. Temp. 255°. 


3°70 3°70 3°74 y 16°56 11°10 
18°48 7°36 1:74 F 3°70 3°67 


Ap. Ap. Ap. . , . Ap. Ap. 
0°50 0°56 0°67 ‘ ‘ 1-80 1°53 
1-02 1-06 1°37 , ; 3°96 2°53 
1°42 1°73 2°04 : : 6°18 3°67 
2°16 2°58 3°56 ‘ , 8°06 4°55 
2°95 3°58 5°07 . ‘ B44 one 
p “2 0-2 0°34 , P ‘ ; 
aia one , 1-04 4:07 2°51 








in the region where oxygen is only weakly adsorbed. The maximum in the r/o, curve must, 
however, occur at about 1 mm., for the run with 1-74 mm. of oxygen apparently goes faster 
as the oxygen is used up, but falls off again towards the end of the reaction. The two reactions 
are thus similar qualitatively, and oxygen is more strongly adsorbed than is nitrous oxide. 
The apparent energy of activation is higher, viz., 23 kg.-cals. from 195° to 256° for a 1 : 1 mixture 
at 7-40 mm. Ute: Lee 
The experiments with deuterium were made at pressures where the oxygen is just beginning 
to inhibit the reaction. The temperatures required to obtain a measurable velocity are higher 
than those for nitrous oxide, and therefore in addition to the 30% mixture, one containing 66% 
of deuterium was employed. The Ap-¢ curves are shown in Fig. 5. The separation of the 66% 
curve is much greater than that for 30%. The average of the ratios of the times required for 
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Ap to reach a given series of values is summarised below. From these data the relative rates 
of reaction of hydrogen and deuterium are easily calculated. 


D, con- Ratio of D, con- Ratio of 
Pu,- Po Temp. tent, %. times. Pu,- Po: Temp. tent, %. times. 
3°73 3°70 226° 30 115 3°70 3°70 177° 66 1°63 
3°70 3°70 226 30 118 3°70 3°70 255 66 1-60 


The Hydrogenation of Ethylene.—A few experiments on this reaction were made to find 
whether the separation was quantitatively the same as that for the two preceding reactions. 
Experiments to be described elsewhere have shown that the reaction is much more complicated 
than had hitherto been supposed, and it is therefore not satisfactory to use kinetic data alone 
to follow the rate at which hydrogen and deuterium react. Nevertheless, some results are 
given in order (a) to compare this reaction with the others on the same catalyst, and (b) to show 
that deuterium reacts more slowly in spite of the more complicated mechanism. 

The kinetics are simpler, the rate being proportional to the hydrogen and to the ethylene 
pressures except that, at high ethylene pressures (ca. 400 mm.), the r—poyx, curve begins to 
bend over, showing that ethylene is rather more easily adsorbed than hydrogen. These four 
reactions have therefore a close similarity in that the molecule to be hydrogenated is more easily 
adsorbed than hydrogen. The nickel surface was more easily poisoned for the ethylene than for 
the other hydrogenations, but the activity could be restored by heating the wire in presence of 
several hundred mm. of hydrogen at 330° for } hour, thus pointing to poisoning by oxygen. 
Table VI summarises the effect of hydrogen and of ethylene at 135°. 


TABLE VI. 
5 > tye. Pu: Porky: s v/Pu:- tyra. 


8 _— 51:0 50°0 ‘ 0:077 9°0 
0 - ‘ 11°5 102°8 50:0 . 0:067 4°35 
6 

3 


Puy. Pot r 
48°8 23°8 1 
50°2 50°8 3 
50°0 101-0 6" 
9 
1 


5°67 195-2 50°8 . 0:059 2°50 
3°76 396°6 50°0 . 0-050 1-62 


51:0 198-0 
3°1 51°8 50-2 ‘ 0°:077 70 


50°6 367°5 1 


A comparison of the second, sixth and last experiments shows that the activity of the wire 
is increasing. The values of r/pg, and r/po,n, are corrected for this drift. Neither r/pg, nor 
lPoua, is constant, but the latter decreases more quickly than the former. One peculiarity 
about this reaction is that the apparent energy of activation, which is nearly zero between 
190° and 155°, increases to about 5 kg.-cals. between 121° and 83°. At high pressures, the 
energy of activation (E) tends to decrease at high temperatures, as shown : 


pu, = 3°70; po, = 11°10. bu, = 50°0; pon, = 50-0. 
155° .«d12.1° 83° “152° 135° 117°5° 


0-268 0°204 0°105 55 4°8 3°6 
2°7 4°9 2°8 52 








A considerable difference in the Ap-t curves was obtained with the 30% deuterium mixture : 


Temp. 159°; Pu; = 3°70; Pots = 11°10. 
+ 6 - 8 
0°47 0°73 1°12 
0°32 0°54 0°77 


No quantitative calculations can be made with these results, for it has been found that, in addition 
to hydrogenation, some substitution also takes place. The relative rates of these reactions 
depend on the temperature and activity of the catalyst. 


DISCUSSION. 


_ Itis at once apparent that the ratio of the rates of reaction of hydrogen and of deuterium 
is greater than could be accounted for simply by a collision factor involving the mass of the 
two atoms; the maximum ratio in this case would be 7/2 = 1-4. On the other hand, 
had the zero-point energies of the molecules been responsible for the separation, the ratio 
of the rates for the 66% mixture ought to have been about 3-5, account being taken of the 
presence of HD molecules. The experimental data for the hydrogen-oxygen and -nitrous 
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oxide reactions yield ratios much lower than this. For comparison the results are summar- 
ised in Table VII. In the last column, E has been calculated from the formula 7_/rp = e “””, 


TABLE VII. 


Reaction. Mixture; D,, %. Temp. Ratio (rq_/rp).* E (kg.-cals.). 
30 192° 2°10 0°69 
By Rf 30 159 2-44 0-75 


30 226 1-80 0°59 
30 226 2-09 0°74 
66 177 2°42 0°78 
66 255 2°31 0°88 


* The results in this column have been calculated on the assumption that the rate is directly 
proportional to the deuterium content. 


It is important to observe that E is about half the value of the difference in zero-point 
energies of the hydrogen and the deuterium molecule (Urey and Rittenberg, Joc. cit.). 
Calculations from band-spectroscopic data of metallic hydrides have, however, shown that 
when the atom is relatively heavy, such as nickel, the zero-point energy difference for 
Me-H and Me-D is about half that of H, and D,. Eyring and Sherman (J. Chem. Physics, 
1933, 1, 348) estimated that for nickel this difference is 0-7 kg.-cal., which is in very good 
agreement with the values of E in Table VII. It may therefore be reasonably concluded 
that the greater reactivity of hydrogen is due predominantly to the larger zero-point 
energy of the Ni-H molecule adsorbed on the nickel surface. 

This explanation is supported by some photochemical experiments on the mercury- 
sensitised reaction, in which it is probable that the steps leading to reaction are 
H + N,O—> OH +N, and OH + H,—> H,O +H. The first step is the slower, 
and hence controls the rate (Melville, Proc. Roy. Soc., 1933, A, 142, 524; Trans. Faraday 
Soc., 1933, 29, 1255; also unpublished experiments). Comparing this sequence of reactions 
with that for the photosynthesis of hydrogen chloride, viz., H + Cl,—» HCl + Cl, 
Cl + H,——» HCl + H, where it is now well established that the second reaction is the 
slower, we see that if deuterium is substituted for hydrogen, the rate of reaction at room 
temperature is decreased many-fold (Farkas and Farkas, Naturwiss., 1934, 22, 218). 
This is due mostly to the lower zero-point energies of the D, and the HD molecule. With 
the hydrogen-nitrous oxide reaction, on the other hand, zero-point energy should not 
enter into the velocity equation, for the hydrogen and deuterium atoms are free. Polanyi 
has, however, suggested (Proc. Roy. Soc., 1934, A, 144, 16) that in a reaction of this nature 
it may be that the deuterium atom will react more quickly than the hydrogen atom, 
owing to the difference in zero-point energies of the OH and OD molecules. As can be 
seen from Table VIII, there is practically no difference in velocity for ordinary hydrogen 
and for a 66° deuterium mixture; indeed, it would seem that deuterium reacts slightly 
more quickly. 


H,-O, 


TABLE VIII. 
Cool Cathode Mercury Lamp. Temp. 20°. Hg vap. press. 0-001 mm. 


Reaction mixture. 





Puyun,p,)- Py,0- t. 
3°70 3°67 Ap 
3°73 3-70 Ap 
3-70 3-70 ap 


There is, then, additional evidence to support the statement that, in the heterogeneous 
catalysis, the above explanation of the differences in velocities of reaction is adequate. 
This, in turn, throws a new light on the mechanism of these hydrogenation reactions, but 
only with regard to the slowest step in the reaction. In general, and especially at low 
temperatures, the rate of adsorption of hydrogen on nickel is very much faster than the 
rate of reaction (cf., ¢e.g., Bonhoeffer and Farkas, Trans. Faraday Soc., 1932, 28, 242), 
and hence the separation must be due to some reaction on the surface. Having regard 
to the probable mechanism of the diffusion of the two isotopes through palladium, it would 
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appear to follow that in the hydrogen-nitrous oxide reaction the rate-governing step is 
the migration of hydrogen atoms on the nickel surface to adsorbed oxygen, which is formed 
by the impact of oxygen or nitrous oxide on the bare nickel surface (or on a hydrogen- 
covered surface) immediately these gases are admitted to the reaction tube. 

Since the temperature coefficient of the hydrogen-nitrous oxide reaction is independent 
of the displacement effects described previously, then, in order to form a reasonable picture 
of the mechanism, it must be supposed that the nickel surface (assumed for simplicity 
to be homogeneous) is always covered with hydrogen and oxygen, and that the proportion 
covered with, say, the former atoms, will depend primarily on the composition of the gas 
mixture. Temperature will thus not alter the fraction of the surface covered, but will 
perhaps change the relative amounts of the two types of atom adsorbed for a given 
composition in the gas phase. If this latter effect is small, the apparent energy of activation 
is really the true energy of activation of the surface reaction. In this case, the hydrogen— 
oxygen and —nitrous oxide reactions should have the same temperature coefficients, but 
the difference is not great; 17 kg.-cals. might be taken as the energy of activation for the 
migration of the hydrogen atom. The data do not, however, provide any information 
as to whether pari of this energy is required for bringing the oxygen atom into a reactive 
state. 

To explain the effect of hydrogen and nitrous oxide pressure, it is necessary to assume 
that the reaction rate will be a maximum when the surface composition attains a certain 
value; this does not imply that equal numbers of oxygen and of hydrogen atoms are to 
be adsorbed. For a given nitrous oxide pressure, the rate will increase with hydrogen 
pressure, reach a maximum, and then fall off after the optimum surface concentration 
is reached. A similar behaviour will be obtained when the pressure of nitrous oxide is 
varied. Hence the reaction will not be bimolecular at the lowest pressure used in these 
experiments, which is in agreement with the results in Table IV, for which the corresponding 
1—Puycyny Curves bend round quite rapidly to exhibit displacement phenomena similar 
to those at high pressure. 


SUMMARY. 


The kinetics of the interactions of hydrogen and of deuterium with carbon monoxide, 
oxygen, nitrous oxide, and ethylene have been studied on a nickel wire catalyst at temper- 
atures from 100° to 300° and pressures from 1 to 760 mm. 

The velocity of reaction of hydrogen with nitrous oxide and with oxygen is about 
twice that of deuterium from 160° to 250°. This is about the degree of separation expected 
if the different velocities are due solely to the difference in zero-point energies of the 
Ni-H and Ni-D molecules. A similar variation is obtained with ethylene, but owing to 
complications, the results cannot be interpreted quantitatively. 

Combining these results with the kinetic measurements for the H,-O, and H,—-N,O 
reactions, the mechanism would appear to be as follows: The nickel surface is always 
covered with H and O atoms, the proportion depending on the temperature, composition, 
and pressure of the gas with which it is in contact. The slowest step is the migration of 
the H or D atom to the adsorbed O atom, and this determines the magnitude of the separ- 
ation observed. The energy of activation of this process is less than 20 kg.-cal. 

In the mercury photosensitised H,—N,O reaction, where the H atom is free and therefore 
zero-point energy does not contribute to the energy of activation, the ratio of rates is nearly 
unity. 


The author desires to thank Prof. E. K. Rideal for helpful discussion and advice during these 
experiments, and the Royal Commissioners of the Exhibition of 1851 for a Senior Studentship. 
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172. Experiments on the Synthesis of Anthocyanins. Part XVIII. 
Cyanidin 3-Xyloside and 3:7- and 5: 7-Diglucosides. 


By R. H. MacDowELL, RoBErRT Rosinson, and A. R. Topp. 


ALTHOUGH pentoseglucosides and, more frequently, methylpentoseglucosides have been 
recognised among natural anthocyanins, no monopentosides or rhamnosides have yet 
been isolated. It seemed of interest to examine the properties of a typical xyloside, and 
cyanidin 3-xyloside (I, R =H) has accordingly been synthesised. The ficrate was 
purified and analysed, but an attempt to prepare the chloride from it gave a product, 
containing cyanidin chloride [compare Part XX (this vol., p. 817) for the similar behaviour 
of malvidin 3-xyloside] owing to the great tendency of the xyloside to undergo hydrolysis. 
The similarity in colour reactions of the xyloside and chrysanthemin could, however, be 
established and the distribution number could be determined. These data may be of 
service in recognising either the occurrence of the substance in nature or its formation by 


partial hydrolysis of a more complex saccharide. 
a OH a soon 


On 0 
(I.) gO ae an OO an (II.) 
C,H,,0 


HO Cs5HO, HO 614115 
OH 


(III.) C.H,,0,°0 OH 
H 
C.H,05° 

The constitution of cyanin as cyanidin 3 : 5-diglucoside has been proved by synthesis 
(Part XVII; J., 1932, 2488), but in order to complete the evidence it was thought desirable 
to examine the properties of the 3 : 7- and the 5 : 7-diglucoside now described. 

The method employed in the former case was the condensation of 2-O-benzoyl-4-0-8- 
tetra-acetylglucosidylphloroglucinaldehyde (Part VII; J., 1931, 2672) with o-tetra- 
acetyl-8-glucosidoxy-3 : 4-diacetoxyacetophenone (Part VI; J., 1931, 2665) in dry ethyl 
acetate under the influence of hydrogen chloride, followed by hydrolysis of the product and 
reconstitution of the flavylium salt. 

Cyanidin chloride 3 : 7-diglucoside (II) is similar to cyanin in many of its properties, 
but is nevertheless readily differentiated from that anthocyanin, especially by its colour 
reactions. 

A well-crystallised cyanidin chloride 3-xyloside-7-glucoside (I, R= C,H,,0;) was 
obtained in a like manner by the use of the appropriate components. 

Cyanidin chloride 5 : 7-diglucoside (III) was obtained by coupling together the acetylated 
diglucoside of phloroglucinaldehyde (Robinson and Todd, J., 1932, 2302) and w: 3: 4-tri- 
hydroxyacetophenone in the usual series of reactions. This characteristic substance is 
even more easily distinguished from cyanin by its properties than is the 3 : 7-isomeride. 


EXPERIMENTAL. 


@-O-Triacetyl-B-xylosidoxy-3 : 4-diacetoxyacetophenone.—Dry silver carbonate (15 g.) was 
added to a solution of w-hydroxy-3 : 4-diacetoxyacetophenone (6 g., prepared by the method 
of Part X; J., 1931, 2722) and triacetyl-a-xylosidyl bromide (15 g.) (Levene and Sobotka, 
J. Biol. Chem., 1925, 65, 463) in dry benzene (40 c.c.), and the temperature raised to 40° and, 
after a short time, to 60°, with shaking. After 45 minutes at 60°, the mixture was refluxed for 
15 minutes, and the crude xyloside precipitated from the filtered solution by the addition of 
light petroleum (200 c.c.). The oily material was washed and triturated with cold water 
and ultimately solidified; it then crystallised from 80% methyl alcohol in slender colour- 
less needles (4-5 g.), m. p. 162° (Found : C, 53-8; H, 5-0. C,,;H,,0,3 requires C, 54-1; H, 5-1%%). 
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This substance is moderately sparingly soluble in ether, but is readily soluble in most organic 
solvents with the exception of light petroleum. 

3-8-X ylosidylcyanidin Salts.—Hydrogen chloride was passed into a solution of w-O-triacetyl- 
g-xylosidoxy-3 : 4-diacetoxyacetophenone (2-0 g.) and 2-O-benzoylphloroglucinaldehyde (1-4 g.) 
in dry ethyl acetate (100 c.c.) until saturated at 0°. The solution was kept for 3 days in the 
ice-chest; the flavylium salt then precipitated from the deep red solution by means of ether 
(1 1.) was collected, washed, and dried (2 g.). 

The whole product was dissolved in aqueous sodium hydroxide (30 c.c. of 3%) under nitrogen, 
after 3 hours hydrochloric acid (35 c.c. of 7%) was introduced, and the solution was heated at 
60° for a few minutes and cooled. An equal volume of saturated aqueous picric acid was added, 
and the solution kept in the ice-chest for several days; the picrate was slowly and incompletely 
precipitated (0-7 g.). The derivative crystallised in minute, dark red needles on the addition 
of saturated aqueous picric acid to its alcoholic solution (Found: C, 48-5; H, 3-6; N, 6-0. 
C,,H,,0,,N, requires C, 48-2; H, 3-3; N, 6.4%). When the twice-crystallised picrate (0-2 g.) 
was dissolved in 5% methyl-alcoholic hydrogen chloride (10 c.c.), and the chloride precipitated 
by the addition of ether (100 c.c.), a certain amount of hydrolysis occurred. The salt could 
not be crystallised and the distribution number (8-55 mg. in 50 c.c. each of previously 
equilibrated isoamyl alcohol and 0-5% hydrochloric acid) was 53-2 for the first shaking and 
48-5 for the second shaking. After a considerable interval the experiment was repeated and 
the distribution number was found to be 48-0 after removal of all cyanidin from a solution 
(10 mg. in 50 c.c. of 0-5% hydrochloric acid) by means of ether and picric acid, followed by 
exhaustive washing with benzene and several relatively small volumes of isoamyl alcohol. On 
the addition of sodium chloride the xyloside was completely extracted from 0-5% hydro- 
chloric acid solution by amyl alcohol. Its colour reactions were indistinguishable from those 
of chrysanthemin. 

Cyanidin Chloride 3-Xyloside-7-glucoside.—A solution of 2-O-benzoyl-4-tetra-acetylgluco- 
sidylphloroglucinaldehyde (2-4 g.) and w-O-triacetylxylosidoxy-3 : 4-diacetoxyacetophenone 
(2-8 g.) in dry ethyl acetate (100 c.c.) was saturated with hydrogen chloride and kept at 0° for 
3 days. The flavylium salt (2 g.) was precipitated by means of ether (1 1.), collected, and 
dissolved in aqueous sodium hydroxide (30 c.c. of 8%), air being excluded by nitrogen. After 
3 hours (room temperature) hydrochloric acid (35 c.c. of 7%) was added, and the solution 
heated at 60° for a few minutes, cooled, and washed with isoamyl alcohol to remove antho- 
cyanidin and monoside and with ether to remove isoamyl alcohol. The acid concentration was 
increased to 3% (by addition of 20 c.c. of 7% hydrochloric acid) and on keeping in the ice-chest 
the crude anthocyanin (0-4 g.) gradually crystallised. This material was analysed both when 
air-dried and when dried at 110° in a vacuum and the results were substantially as cited below. 
The salt was recrystallised in a similar fashion in flaky prismatic needles (Found in air-dried 
material: C, 46-5; H, 5-3; Cl, 5-6; loss at 110° in a high vacuum over phosphoric oxide, 9-0. 
Found in material dried as stated: C, 50-9; H, 4:8; Cl, 5-9. C,,H,.0,;Cl,.3H,O requires 
C, 46-5; H, 5-2; Cl, 5-3; 3H,O, 8-1%. C,gH,O,;Cl requires C, 50-6; H, 4-7; Cl, 5-8%). 

The salt is deep chocolate-brown in mass and exhibits a green reflex; viewed by transmitted 
light, individual crystals have a yellowish-brown colour. It is readily soluble in 0-5% hydro- 
chloric acid to a cyanin-red solution and, as usual, in methyl alcohol to a much bluer-red solution. 
The colour reactions both with ordinary reagents and in a series of buffered solutions of graded 
pu were identical with those described for the 3 : 7-diglucoside (below). 

The distribution ratios were very close to those of cyanin itself (isoamyl and n-butyl alcohols 
and 0-5% hydrochloric acid). On hydrolysis with boiling 10% hydrochloric acid, cyanidin 
chloride separated in its characteristic form as slender needles. It is curious that cyanidin 
chloride is hard to recrystallise in this form. 

Cyanidin Chloride 3 : 7-Di-B-glucoside (II).—The preparation of this substance followed 
exactly that of the xyloside-glucoside described above, w-O-tetra-acetyl-$-glucosidoxy-3 : 4-di- 
acetoxyacetophenone being used instead of the related acetylated xyloside. Two grams of 
each of the components gave 1-8 g. of crude benzoylated and acetylated flavylium salt, and 
the final yield of crude crystalline cyanidin chloride 3 : 7-diglucoside was 0-4 g. The salt could 
be recrystallised by solution in hydrochloric acid (20 c.c. of 1%) and addition of stronger acid 
(20 c.c. of 5%) to the filtered solution (Found in air-dried material: C, 43-3; H, 5-6; Cl, 5-0; 
loss at 110° over phosphoric oxide in a high vacuum, 14-2, 12-9. Found in anhydrous material : 
C, 50-3; H, 4:9; Cl, 5-2. C,,H;,0,,Cl,5-5H,O requires C, 43-5; H, 5-6; Cl, 4-8; 5-5H,O, 
133%. C,H 3,0,,Cl requires C, 50-1; H, 4:8; Cl, 5-5%). 

The salt is chocolate-brown in mass with a weak bronze reflex; it crystallises both in needles 
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and in monoclinic prisms; the crystals are very fragile and appear brown in transmitted light. 
The distribution number, determined by the standard method using n-butyl alcohol (Parts XV 
and XVII; J., 1932, 2296, 2492), was 4-4, 4-5, and 4-7 for 5-45, 4-25, and 3-0 mg., respectively, 
in 50 c.c. of the mixed solvents. Solutions of the diglucoside give a violet-blue coloration on 
the addition of sodium acetate, and a pure blue with sodium carbonate. This is not greenish 
in shade as with cyanin, nor, on the other hand, is it violet-toned as with mecocyanin. On the 
addition of sodium hydroxide a yellow solution is rapidly produced. The colours in a range of 
buffered solutions were the following (numbers and method corresponding to those given by 
Robertson and Robinson, Biochem. J., 1929, 23, 35) (5-07 mg. in 20 c.c. of methyl alcohol) : 

(1) Rose, rapidly fading; (3) bluer red, fading still more rapidly, colourless in 30 seconds; 
(5) cherry-red, fading to redder shade; (7) reddish-violet, moderately stable; (9) reddish- 
violet, more stable; (11) violet, fading; (13) blue-violet, fading rapidly; (15) blue, fading 
very rapidly. 

After 5 minutes; (1) pale pink; (3) and (5) colourless; (7) pale violet; (9) reddish-violet; 
(11) very pale blue-violet; (13) and (15) colourless. 

The ferric reaction of the diglucoside is identical with that of cyanin, and this also applies 
to the xyloside-glucoside and the 5 : 7-diglucoside described below. 

Cyanidin Chloride 5: '7-Di-B-glucoside (III).—w:3:4-Triacetoxyacetophenone did not 
condense smoothly with the acetylated phloroglucinaldehyde diglucoside, but the related 
trihydroxyacetophenone was much more reactive. In general our recent experience has been 
that acyl groups in the second components can be removed with advantage. 

A suspension of w:3:4-trihydroxyacetophenone (0-5 g.) and 2: 4-di-(O-tetra-acetyl- 
8-glucosidyl)phloroglucinaldehyde (2 g.) in dry ethyl acetate (45 c.c.) was saturated with hydrogen 
chloride at 0°; the solids gradually dissolved in the deep red-violet solution. After the whole 
had been kept at 0° for 48 hours, with occasional shaking, ether was added and the reddish- 
brown flavylium sa/i was collected, washed with ether, and dried (2 g.) (Found : C, 50-1; H, 5-1; 
Cl, 4:2. C,,;H,,O0,,Cl,2H,O requires C, 50-7; H, 5-0; Cl, 3-5%). 

A solution of this salt (1-97 g.) in aqueous sodium hydroxide (16-5 c.c. of 10%) was kept 
under hydrogen at room temperature for 90 minutes, concentrated hydrochloric acid (7-1 c.c.) 
added, the solution (containing 2% HCl) heated to 50° and cooled, and the acid concentration 
increased to 6%. When kept for 24 hours, the solution deposited reddish-brown needles 
(0-9 g.). This material was readily soluble in 0-5% hydrochloric acid and could not be readily 
recrystallised ; from 6% acid it separated in crystalline form and on drying became a greenish 
flaky mass (Found: C, 42-1; H, 5-5; Cl, 8-4; loss at 110° in a high vacuum over phosphoric 
oxide, 18-8, 19-6. Found in dried material: C, 51-7; H, 4-3; Cl, 90%). Ina second experi- 
ment the crystals separating after the hydrolysis were washed and dried for 18 hours over 
sulphuric acid in a desiccator (Found : C, 34-4, 34-5; H, 4-4, 4-4; Cl, 8-0; loss at 110° as above, 
11-5, 14-7. Found in dried material: C, 39-4; H, 3-7; Cl, 8-0%). This oxonium salt has, 
therefore, a remarkable tendency to separate from solutions containing sodium chloride in 
crystal aggregates containing that salt as well as hydrogen chloride (16-078 mg. gave 3-965 mg. 
Na,SO,). 

Ultimately it was found possible to remove the inorganic contamination by solution of the 
crude colouring matter in a large volume of 0-5% ethyl-alcoholic hydrogen chloride and increase 
of the acid concentration to 2-5% in the cold. Three crystallisations in this way gave micro- 
scopic reddish-brown needles with a weak green lustre (Found : loss on drying over phosphoric 
oxide at 110° in a high vacuum, 5-5, 6-2. Found in dried material: C, 50-5; H, 5-0; Cl, 5-4. 
C,,H;,0,,Cl,2H,O requires H,O, 5-5%. C,,H3,0,,Cl requires C, 50-1; H, 4-8; Cl, 5-5%). 
This diglucoside is readily soluble in 0-5% hydrochloric acid and almost insoluble in cold alcohol. 
The distribution to isoamy] alcohol from 0:5% hydrochloric acid is very low and the distribution 
number with m-butyl alcohol (standard method; 3-5 mg. in 50 c.c. of the mixed solvents) was 
14-9. 

The colour reactions in buffered solutions of graded py were the following (5-14 mg. in 20 c.c. 
of methyl alcohol): (1) Rose-red, fading; (3) bluer red, fading; (5) weak reddish-violet, 
fading; (7) rich reddish-violet; (9) the same; (11) the same; (13) violet; (15) blue with 
violet tinge, fading to pure blue. After 5 minutes, (1), (3) and (5) very pale-coloured, almost 
colourless; (7) and (9) weak permanganate, (9) was the more persistent; (11) violet; (13) blue- 
violet; (15) greenish-blue. The range of colours when first produced was throughout much 
redder in tone than those produced by cyanin (3: 5-) or cyanidin 3 : 7-diglucoside. 

The methyl-alcoholic solutions of the 3 : 7-and the 5 : 7-diglucoside of cyanidin, also a methyl- 
alcoholic solution of cyanin chloride of the same concentration, were used for a further com- 
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parison of ease of oxidation. Each solution (5 c.c.) was mixed with 1% hydrochloric acid 
(5 c.c.) and made up to 150 c.c. with water; aged ferric chloride /10 c.c. of 0-125%) was then 
added. The solutions became dull reddish-violet and no considerable change occurred in the 
cases of the 3: 7- and the 3: 5-diglucoside; the colour of the 5: 7-diglucoside solution was 
almost completely discharged in 5 minutes and after 10 minutes the pigment was destroyed and 
not regenerated on the addition of concentrated hydrochloric acid. The 3: 7-diglucoside and 
the 3 : 5-diglucoside (cyanin) remained largely unaltered and the colours faded to about half 
the original intensity in the course of 2hours. This experiment with the three isomeric cyanidin 
diglucosides emphasises the value of this method of diagnosis of a free hydroxyl in position 3. 


The authors thank the Royal Commissioners for the Exhibition of 1851 for a Senior 
Studentship awarded to one of them (A. R. T.). 
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173. Experiments on the Synthesis of Anthocyanins. Part XIX. 
5-Glucosidylapigeninidin, believed to be identical with CGesnerin, 
an Anthocyanin of Gesnera fulgens. 


By (Mrs.) G. M. RoBinson, RoBERT Rostnson, and A. R. Topp. 


ALTHOUGH the great majority of natural anthocyanins are derivatives of pelargonidin, 
cyanidin, delphinidin or their methyl ethers yet exceptional cases do occur, the most 
interesting being the nitrogenous pigments of many Chenopodiaceae. 

Certain Papaveracee also contain abnormally constituted pigments of unknown consti- 
tution and, in the course of a broad qualitative survey of anthocyanins, only one further 
example was found in the orange flowers of a few species of Gesnera (Robinson and Robinson, 
Biochem. J., 1931, 25, 1687). In this case the anthocyanidin obtained on hydrolysis was 
isolated, analysed, and recognised as apigeninidin chloride (I, R = H) by comparison with a 
specimen synthesised (Pratt, Robertson, and Robinson, J., 1927, 1975) in the hope, now 
fulfilled, that it might ultimately be found in nature. 

The synthetical specimen was obtained by demethylation of its 4’-methyl ether, 
acacetinidin chloride, itself obtained by an application of Biilow’s method using f-anisyl 
8-hydroxyvinyl ketone. This method in itself offers no proof of constitution, because the 
product may be an efiflavylium salt with the anisyl group in position 4 of the pyran ring. 
Identity with the material prepared from phloroglucinaldehyde dimethyl ether and #- 
acetylanisole and subsequently demethylated was proved, however, and no further atten- 
tion would have been paid to this aspect of the matter had not Asahina and Inubuse (Ber., 
1928, 61, 1646) described as apigeninidin chloride a substance which they stated differed 
from the salt obtained by Pratt, Robertson, and Robinson. The Japanese chemists pre- 
pared their “‘ apigeninidin chloride ” by the reduction of apigenin with sodium amalgam and 
stated that, among other divergencies, the product dissolved in sulphuric acid without 
exhibiting fluorescence. 

For purposes of further comparison, therefore, we have synthesised apigeninidin chloride 
by the O-benzoylphloroglucinaldehyde method (Robertson and Robinson, J., 1928, 1526), 
and the product showed all the properties, including a green fluorescence of a solution in 
sulphuric acid, described by Pratt, Robertson, and Robinson (loc. cit.). 
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The anthocyanin of Gesnera fulgens, termed gesnerin, has not yet been isolated in sub- 
stance, owing to lack of an adequate supply of the flowers, but highly purified solutions 
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have been obtained and the properties of these enabled us to draw the conclusion that the 
substance is an apigeninidin 5-glycoside. The colour reactions with alkaline solutions 
resembled those of apigeninidin and were quite different from those of apigeninidin 4’- 
methylether. For further guidance, apigeninidin 5- and 7-methyl ethers were prepared on 
a small scale from the 2- and 4-methy]l ethers of phloroglucinaldehyde and #-hydroxyaceto- 
phenone, condensed together in ethyl acetate solution with the help of hydrogen chloride. 
The alkali-colour reactions of these isomeric salts were almost identical and also very similar 
to those of gesnerin. However, the 5-O-methylapigeninidin chloride exhibited a green 
fluorescence in alcoholic solution, whereas the 7-O-methylapigeninidin did not. Gesnerin 
also fluoresced in alcoholic solution, so it appeared likely that it is an apigeninidin 5- 
saccharide. The distribution number with isoamy] alcohol is so low that we were at first 
inclined to regard the substance as a bioside; this impression was removed by an examin- 
ation of apigeninidin 5-B-glucoside (I, R = CgH,,0;), which was also found to have a low 
distribution number (soamyl alcohol and 0°5% hydrochloric acid). This substance was 
synthesised by the general method from the acetylated glucoside of phloroglucinaldehyde 
(Robinson and Todd, J., 1932, 2302) as first component and #-hydroxyacetophenone as 
second component. The new glucoside was isolated both as a normal and as a basic 
chloride and it has very different general properties from those exhibited by the normal 
series of anthocyanins with a 3-glucosidoxy-group. Direct comparison of colour reactions 
and distribution properties rendered it almost certain that gesnerin is not merely closely 
similar to 5-glucosidylapigeninidin but is in fact identical with it. 

Owing to the fact that gesnerin is accompanied in the flower petals by a similar colouring 
matter having a bluer tone, a long and tedious process of purification was necessary before 
the natural and the synthetic pigment could be equated. The second anthocyanin gave 
no ferric reaction and the related anthocyanidin was not easily oxidisable in weakly acid 
solution in presence of traces of ferric salts ; hence we thought it might be 3’-methoxygesnerin 
(II). This was prepared and attempts were made to simulate the nearly pure gesnerin by 
mixtures of the two synthetic glucosides. When, however, the colours were matched, the 
distribution numbers became divergent, and it now appears more probable that 3’ : 5’- 
dimethoxygesnerin is the second anthocyanin. This idea fits the occurrence of malvin as a 
secondary anthocyanin of the scarlet pelargonium (Robinson and Robinson, Joc. cit.), 
and also the suggestion that gesnerin may represent a reduced pelargonin (compare the 
formation of trimethyleneglycol derivatives from fats in fermentation processes), but we 
have not yet had the opportunity to test the hypothesis. Further work in this field and on 
the isolation of gesnerin is contemplated. 


EXPERIMENTAL. 

Apigeninidin Chloride (I, R = H).—A solution of 2-O-benzoylphloroglucinaldehyde (2 g.) 
and 4-hydroxyacetophenone (4 g.) in dry ethyl acetate (70 c.c.) was saturated with hydrogen 
chloride at 0° and kept in the ice-chest for 48 hours. The solid was then collected (1-9 g.), 
and dilution with ether afforded a further quantity of the same material (1 g.). This crude 
product was dissolved in boiling alcohol (ca. 300 c.c.), and an equal volume of 12% hydrochloric 
acid added. On cooling, the benzoylapigeninidin chloride separated in small crimson prisms with 
a metallic lustre (Found: C, 65-0; H, 4-1; Cl, 88. C,,H,,;0,;Cl,0-5H,O requires C, 65-4; 
H, 4-0; Cl, 8-8%). The substance decomposes at 203°. It is sparingly soluble in 0-5% hydro- 
chloric acid to a yellow solution, which becomes rose-coloured on the addition of sodium acetate 
and magenta with sodium carbonate. The orange-yellow solution in alcohol shows a weak green 
fluorescence. 

This derivative (1-6 g.) was debenzoylated by treatment with 10% aqueous sodium hydroxide 
during 5 hours at room temperature in an atmosphere of hydrogen. When the brown-red solu- 
tion was acidified with a mixture of alcohol (20 c.c.) and concentrated hydrochloric acid (6 c.c.) 
and heated on the steam-bath for a short time, the apigeninidin chloride separated as a mass of 
small salmon-red crystals. Recrystallised according to the method of Pratt, Robertson, and 
Robinson (/oc. cit.), minute rhombic prisms, which were orange-yellow by transmitted light and 
salmon-red in mass, were obtained. The properties of this specimen were identical with those 
described by Pratt, Robertson, and Robinson (/oc. cit.) for apigeninidin chloride prepared by 
the demethylation of acacetinidin chloride. In accordance with the results of the earlier work, 
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the crystalline substance was found to be a monohydrate (Found : C, 58-5; H, 4:4; Cl, 11-3. 
Calc. for C,;;H,,0,Cl,H,O: C, 58-4; H, 4-6; Cl, 11-5%). The characteristic green fluorescence 
of the solution in concentrated sulphuric acid can be observed on mixing, but it rapidly becomes 
more intense, probably as the result of sulphonation. 

5-8-Glucosidylapigeninidin Chloride (I, R = CgH,,0;).—A solution of 2-O-tetra-acetyl-B- 
glucosidylphloroglucinaldehyde (1 g.) and 4-hydroxyacetophenone (1 g.) in dry ethyl acetate 
(25 c.c.) was saturated with hydrogen chloride at 0° and kept for 60 hours at this temperature. 
The yellowish-brown product had partly separated and after the addition of ether it was collected 
(1-05 g.) (Found: C, 52-7; H, 5-1; Cl, 5-8. Cy gH,,.0,,;Cl,2H,O requires C, 53-0; H, 5-0; Cl, 
5-4%). This 7: 4’-dihydroxy-5-O-tetra-acetyl-B-glucosidoxyflavylium chloride (1-0 g.) was added 
to aqueous sodium hydroxide (10 c.c. of 10%) and kept under hydrogen with stirring for 90 
minutes. The dark brownish-red solution was then acidified with hydrochloric acid (4-3 c.c. of 
30%) and the 2% acid solution so obtained was heated at 50° for a few minutes; the product 
separated as a red powder. The crude material was dissolved in hot 0-1% hydrochloric acid, 
and an equal volume of 5% methyl-alcoholic hydrogen chloride added ; small brownish needles 
were deposited on cooling (Found in air-dried material : C, 48-2; H, 5-5; Cl, 6-5; loss at 110° 
in a high vacuum, 14-4, 14-7. C,,H,,0,Cl,4H,O requires C, 48-1; H, 5-5; Cl, 68%). The 
dried material appears to have lost about 3H,O and 31% of its chlorine (Found: C, 54-9; 
H, 4-9; Cl, 5-4. Theory for losses indicated : C, 54-9; H, 5-0; Cl, 5-3%). When the acid con- 
centration of a solution in 0-1% hydrochloric acid was raised to 2%, the glucoside separated in 
minute brown crystals of a basic chloride (Found in air-dried material : C, 49-1; H, 5°3; Cl, 3-7; 
loss at 110° in a high vacuum over phosphoric oxide, 12-6, 12-1. 2C,,H,O,,HCI1,8H,O 
requires C, 49-8; H, 5-6; Cl, 3-5; 7H,O, 12-4%. Found in dried material: C, 55-7; H, 4:8; 
Cl, 4-4. 2C,,H,,0,,HCl,H,O requires C, 56-8; H, 4-8; Cl, 4.0%). The low values for carbon 
are associated with somewhat high values for chlorine, indicating some content of normal 
chloride. 

The salt is almost insoluble in 2% hydrochloric acid or in acetic acid; it dissolves sparingly 
in 0-5% hydrochloric acid to a yellowish-brown solution and the distribution to isoamyl alcohol 
is superficially similar to that of a normal diglucoside. Under the conditions laid down in 
Parts XV and XVII of this series (J., 1932, 2296, 2492) the distribution number (n-butyl alcohol) 
was 50-0 (3-18 mg. in 50 c.c. of the mixed solvents). The orange-yellow alcoholic and -butyl- 
alcoholic solutions exhibit a green fluorescence. The aqueous or alcoholic solution develops a 
fine bluish-rose coloration on the addition of sodium acetate, sodium carbonate, ammonia or 
sodium hydroxide. The glucoside is rapidly hydrolysed by hot 10% hydrochloric acid. 

4-Hydroxy-3-methoxyacetophenone.—This substance was prepared from «-chloroaceto- 
vanillone (Pratt and Robinson, J., 1923, 123, 753; Levy and Robinson, J., 1931, 2715) because a 
specimen of the latter was available. A mixture of the chloro-ketone (3 g.), sodium iodide 
(0-3 g.), iron filings (3 g.), alcohol (30 c.c.), and dilute sulphuric acid (30 c.c. of 10%) was agitated 
at 40—50° for 1 hour, and the product isolated from the filtered and diluted solution by means of 
ether. After recrystallisation from water the acetovanillone was obtained as small colourless 
prisms, m. p. 114—115°. 

7 : 4'-Dihydroxy-3'-methoxy-5-B-glucosidoxyflavylium Chloride (3'-Methoxygesnerin Chloride) 
(II).—A solution of 2-O-tetra-acetyl-8-glucosidylphloroglucinaldehyde (1-5 g.) and acetovanill- 
one (1-5 g.) in dry ethyl acetate (40 c.c.) was saturated at 0° with hydrogen chloride and kept 
for 48 hours in the ice-chest ; dry ether (400 c.c.) was added, and the precipitated flavylium salt 
was collected, washed, and dried (1-45 g.) (Found: C, 52-7; H, 5-0; Cl, 3-6. C,,H,,0,,Cl,2H,O 
requires C, 52-5; H, 5-1; Cl, 5-2%). The low value for chlorine indicates replacement of some 
HCI by H,0O. 

This crude product (1-3 g.) was hydrolysed under the usual conditions by means of aqueous 
sodium hydroxide (13 c.c. of 10%) and on addition of 20% hydrochloric acid (6-4 c.c.) immediate 
precipitation of the amorphous glucoside occurred. Great difficulty was experienced in 
attempts to crystallise this substance, but it was ultimately obtained as a brown microcrystalline 
powder by solution in boiling 0-1% alcoholic hydrogen chloride, in which it was very sparingly 
soluble, and increase of the acid concentration of the filtered solution to 2% (Found in air-dried 
material : C, 50-0; H, 5-0; Cl, 6-0. C,,H,;0,,Cl,1-5H,O requires C, 50-0; H, 5-3; Cl, 6-7%). 
This glucoside resembles gesnerin chloride in many of its properties ; its acid solutions are redder 
and the alkaline solutions bluer in tone than those of the apigeninidin glucoside; the solution 
in aqueous sodium carbonate has a rich bluish-crimson colour. The alcoholic solutions do not 
exhibit any fluorescence. A solution in 0-5% hydrochloric acid (1-14 mg. in 50 c.c.) was pale 
reddish-brownish-orange and the distribution to isoamy] alcohol was almost zero ; on the addition 
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of salt the glucoside merely separated as an orange film at the interface. The distribution to 
butyl] alcohol was also lower than in the case of gesnerin. 

Preparation of a Solution of Gesnerin Chloride from Flower Petals of Gesnera fulgens.—The 
darker bluer-red parts of the petals were excised and the pigment was extracted by hot 0-2% 
hydrochloric acid; the clear orange aqueous solutions were centrifuged and exhaustively ex- 
tracted by means of n-butyl alcohol after the addition of salt (for the later extractions only) ; 
the oxonium salt was then returned to 0-1% hydrochloric acid after the addition of an equal 
volume of light petroleum. The filtered solution was treated with a few c.c. of dilute ferric 
chloride solution and kept for 3 months. The colouring matter was then thrice similarly 
transferred to n-butyl alcohol and 0-5% hydrochloric acid and finally to 0-5% hydrochloric acid. 
This solution (A) was a little browner and bluer than one of pure gesnerin chloride and at this 
stage an attempt was made to imitate it by synthetic mixtures. It should be stated clearly 
that even at this stage the identity of the chief pigment with glucosidylapigeninidin was obvious. 
Addition of 8% of methoxygesnerin chloride to gesnerin chloride (synthetic) gave a solution 
closely resembling the natural in colour and in behaviour towards alkalis, but in a comparison 
of behaviour towards n-butyl alcohol the distribution of the synthetic mixture was far too low 
(too much remained in the watery layer). Hence the impurity in the natural pigment solution 
is probably a substance of greater tinctorial intensity than 3’-methoxygesnerin. It must be a 
related compound and it gives no indication of an iron reaction. 

The further purification of (A) was difficult and wasteful. The acid concentration was in- 
creased to 5%, and the solution heated on the steam-bath until about a third of the anthocyanin 
was hydrolysed ; the resulting anthocyanidin was removed by means of isoamyl alcohol and the 
solution was cooled, mixed with a few drops of ferric chloride, and kept for 6 weeks. The salt 
was transferred between n-butyl alcohol and 0-1% hydrochloric acid four times and then 
had the pure orange-yellow colour of solutions of the synthetic substance; the last aqueous 
solution was free from iron but was too dilute for a determination of the distribution number. 
It was concentrated in a vacuum, and the chlorine in the solution estimated; the requisite 
amount of silver carbonate was then added in order to reduce the concentration to 0-5%, but 
this did not work according to plan and the acid concentration of the filtrate was too high. The 
solution was therefore shaken with butyl alcohol and adjusted so that 20-5 c.c. of each layer 
were obtained in which the acid concentration of the aqueous layer was 0-46% and the amount 
of pigment was 1-41 mg. as determined by colorimetric comparison with the synthetic standard. 

The distribution number actually found was 49-3, so the total amount of pigment was about 
2-85 mg. and the conditions approximated closely to those of the experiment with the synthetic 
glucoside. No difficulty was experienced in the colorimetric matching. 

The natural pigment was returned from the butyl alcohol to the aqueous layer (addition 
of light petroleum) and the solution was washed with isoamyl alcohol. Colour-reaction com- 
parisons were made between this solution and the correspondingly treated synthetic pigment 
solution. The green fluorescence noted on the addition of much alcohol was identical in both 
cases, and parallel experiments with buffered solutions of graded py as well as with sodium 
acetate, sodium carbonate and sodium hydroxide gave identical results. The behaviour on 
treatment with aqueous sodium hydroxide was also the same, an orange-yellow solution being 
quickly obtained. Finally, equal volumes of the acid solutions were placed in narrow test- 
tubes and carefully covered with a dilute solution of sodium carbonate; the appearance of the 
two tubes remained identical as the liquids diffused and the coloured zones ranging from yellow 
to bluish-rose gradually extended. 

The leaves and stems of Gesnera zebrina and Gesnera fulgens contain a different anthocyanin, 
the anthocyanidin from which does not tally with any known substance but is apparently un- 
hydroxylated in position 3. 


The authors are grateful to the Royal Commissioners for the Exhibition of 1851 for a Senior 
Studentship awarded to one of them. They also wish to thank Messrs. Carters Ltd. for a supply 
of flowers of Gesnera fulgens. 


THE Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, April 4th, 1934.] 
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174. Experiments on the Synthesis of Anthocyanins. Part XX. Syn- 
thesis of Malvidin 3-Galactoside and its Probable Occurrence as a 
Natural Anthocyanin. 


By (Miss) JANET C. BELL and ROBERT ROBINSON. 


ALTHOUGH the anthocyanins of the fruits of Vaccinium myriillis L. (bilberries) have already 
been investigated by Willstatter and Zollinger (Annalen, 1915, 408, 84; 1916, 412, 195) 
and Karrer and Widmer (Helv. Chim. Acta, 1927, 10, 5), the separation and identification of 
the individual pigments in the complex mixture remains to be accomplished. The former 
authors considered that myrtillin was essentially a galactoside, whereas the later workers 
found a mixture of glucosides and galactosides. Karrer and Widmer also established the 
presence of one or more malvidin derivatives and by fractionation of the picrate showed 
that a methoxyl-free pigment could be isolated. However, the homogeneity of even this 
fraction was not certain, although it appeared to be largely galactosidic. 

Our own examination of the natural pigment is not yet complete, but it has indicated 
that in addition to malvidin and delphinidin, a petunidin glycoside is present. Focusing 
attention first on the malvidin derivatives, we have synthesised malvidin chloride 3-galacto- 
side (I) in order to compare and contrast it with the 3-glucoside (oenin) and, although we 
are not yet able to use our results to throw fresh light on the problem of the bilberry colour- 
ing matters, there has been an interesting outcome in an unsuspected quarter. 

The synthesis followed the lines of that of oenin (Levy, Posternack, and Robinson, J., 
1931, 2701), but was more troublesome at every stage owing to the inferior power of crys- 
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tallisation and the increased tendency to hydrolysis of the galactoside. Ultimately a 
pure specimen was secured and this exhibited, as was expected, very great similarity with 
oenin in colour reactions, but a difference in the distribution numbers was noted of such 
magnitude as to render identification by this means a feasible proposition. 

As in the case of oenin, the distribution varied with the concentration and, over the 
range examined, the relation between the logarithms of the concentrations in the aqueous 
and the amyl-alcoholic layer was linear with a slope of 2. The graphs for the glucoside and 
the galactoside on this basis lie parallel and at a more than sufficient distance for practical 
purposes. We accordingly thought it desirable to examine the distribution numbers of 
cyclamin chloride (Karrer and Widmer, Helv. Chim. Acta, 1927, 10, 758) and primulin 
chloride (Scott-Moncrieff, Biochem. J., 1930, 24, 767), which are known to be malvidin 3- 
glycosides. A specimen of cyclamin picrate from Cyclamen persicum was kindly sent to 
us by Professor P. Karrer, and its distribution numbers at three different concentrations 
agreed closely with those of oenin. There can therefore be no doubt that cyclamin and 
oenin are identical. 

A pure specimen of primulin * from Primula polyanthus was not available, but Miss R. 
Scott-Moncrieff has also isolated the anthocyanin of P. sinensis, and several specimens of 
this have been examined. The results indicated clearly that this pigment is identical with 
our malvidin 3-galactoside, although it appears that the colouring matters of different 
varieties are not quite identical. 

This was confirmed by a study of the orcinol-sulphuric acid reaction (compare Tillmans 


* We understand that Miss Scott-Moncrieff, if she confirms our findings, will propose the name 
primulin for the anthocyanin of P. sinensis: this can cause no confusion, because the anthocyanin of 
P. polyanthus will be either primulin (galactoside) or oenin and in the latter case the use of a special 
name becomes unnecessary. 
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and Phillippi, Biochem. Z., 1929, 215, 36 ; Sérensen and Hangaard, Compt. rend. Trav. Lab. 
Carlsberg, 19, No. 12), which serves admirably to distinguish very small quantities of 
glucose from equal amounts of galactose. Equivalent solutions of oenin and of malvidin 
3-galactoside were hydrolysed by means of aqueous sulphuric acid and after removal of the 
anthocyanidin the residual sugar solutions were used for the development of the orcinol 
colour reaction. Again the results showed that the P. sinensis anthocyanin is the galacto- 
side and not the glucoside. 

We have also obtained solutions of malvidin chloride 3-xyloside (II), but, as in the case of 
cyanidin chloride 3-xyloside (Part XVIII; this vol., p. 806), hydrolysis occurs very readily 
and several specimens were completely destroyed before this was suspected. The distri- 
bution number was determined to our satisfaction. 


EXPERIMENTAL. 


O-Trimethylgallic Acid.—An improved yield was obtained under the following conditions 
(compare Perkin and Weizmann, J., 1906, 89, 1655). A mixture of gallic acid (150 g.), water 
(375 c.c.), and methyl sulphate (339 c.c.) was cooled in ice-water and vigorously stirred, air 
being displaced by hydrogen. Aqueous sodium hydroxide (1905 c.c. of 15%) was introduced at 
such a rate that no large rise of temperature occurred ; thereafter, stirring was continued for 1 
hour, and the liquid filtered. The residual methyl trimethylgallate was separately hydrolysed 
by means of hot aqueous sodium hydroxide, and the clear solution added to the main bulk. 
The trimethylgallic acid was isolated after acidification of the solution and crystallised from 
5% aqueous acetic acid (charcoal) (m. p. 164—165°; yield, 145 g., or 78%). 

«@-O-Diacetyl-B-galactosidoxy-4-acetoxy-3 : 5-dimethoxyacetophenone, 

(AcO),(HO),C,H,O-O-CH,°CO-C,H,(OMe),-OAc. 

—Dry silver oxide (18 g.) was added to a solution of w-hydroxy-4-acetoxy-3 : 5-dimethoxy- 
acetophenone (6 g.) (Levy, Posternack, and Robinson, /oc. cit.) and O-tetra-acetyl-a-galacto- 
sidyl bromide (13-4 g.) in dry benzene (36 c.c.) at 40°. The mixture was agitated and 
the temperature rose to 70—80°; shaking was continued for 4 hour and the mixture was 
again gently heated and filtered. Light petroleum (240 c.c.) was added to the cooled filtrate, 
precipitating a brownish-yellow syrup, which was washed and triturated with hot and then with 
cold water. The product was dissolved in hot methyl alcohol (10 c.c.) (charcoal) and pre- 
cipitated from the filtrate by water; repetition of this process gave a clean white solid, which, 
however, could not be crystallised (yield, 6-3 g. or 45%) (Found: C, 52-5; H, 5-5; MeO, 12-7. 
Cy,.H,,0;3 requires C, 52-8; H, 5-6; MeO, 12-4%). The substance is evidently only a tri- 
acetate, but an alternative to the formula represented above is that containing three acetoxy- 
groups in the galactose residue and a phenolic hydroxyl. 

3-8-Galactosidylmalvidin Salis (1)—Dry hydrogen chloride was passed for 2 hours into a 
solution of 4-hydroxy-w-galactosidoxy-3 : 5-dimethoxyacetophenone triacetate (2-1 g.) and 2-0- 
benzoylphloroglucinaldehyde (1-8 g.) in dry ethyl acetate (28 c.c.), and the mixture kept for 
72 hours. The red liquid was filtered, and the flavylium salt precipitated by the addition of 
ether (180 c.c.) in minute prisms (air-dried, 2-3 g. or 78%) (Found: C, 54:3; H, 4-8; Cl, 7-8. 
C3,.H3;0,.Cl,HCl requires C, 54:3; H, 4-5; Cl, 89%). This result shows that the salt is 
essentially a dihydrochloride; replacement of a part of the HCl by H,0O is also indicated. This 
benzoylated flavylium salt (0-67 g.) was dissolved in barium hydroxide solution (40-2 c.c. of 
0-256N) under hydrogen, and the solution kept for 12 hours. It was then neutralised with 
sulphuric acid (4-9 c.c. of 2-10N) and centrifuged, and the supernatant liquid filtered and added 
to an equal volume of saturated aqueous picric acid. The anthocyanin picrate thus precipitated 
was crystallised by solution in the minimum quantity of warm ethyl alcohol and addition of hot 
saturated aqueous picric acid, forming bunches of fine orange-red needles with a green reflex 
(Found: C, 46-1; H, 4:1; N, 6-1. C,.H,,0O,.N;,2H,O requires C, 46-0; H, 4:1; N, 5-5%). 
This derivative was moderately readily soluble in 0-5% hydrochloric acid and was not extracted 
from the solution by means of saturated ethereal picric acid; it was therefore free from malvidin. 

The crystallised picrate was dissolved in cold 4% methyl-alcoholic hydrogen chloride, and 
the chloride precipitated by means of ether, washed, and dried. It was dissolved in cold 1% 
methyl-alcoholic hydrogen chloride, and the acid concentration increased to 4%; on keeping, 
malvidin chloride 3-galactoside crystallised in fine needles and pointed prisms exhibiting a 
bronze metallic glance [Found : C, 49-4, 49-2; H, 5-1, 5-1; Cl, 6-7, (7-7); MeO, 11-8, 11-6. 
C,,H,;0,,Cl,1-5H,O requires C, 49-7; H, 5-0; Cl, 6-4; MeO, 11-2%]. The crystals resemble 
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those of oenin chloride and are bluish-violet by transmitted light. The specimen was entirely 
free from anthocyanidin as shown by the ether-picric acid test. 

Addition of lead acetate to a solution in 0-5% hydrochloric acid gives at first a violet-blue 
solution and a dark blue precipitate, but, on keeping, the solution becomes colourless as the 
whole of the pigment is precipitated. 

The colour reactions of this salt are identical with those of oenin chloride and a direct com- 
parison was carried out with buffered solutions of graded py. No differences could be detected 
over the whole range and these results have already been recorded (Part VIII, Joc. cit., p. 2714). 

The distribution numbers (isoamyl] alcohol and 0-5% hydrochloric acid) were determined as 
described by Levy and Robinson (J., 1931, 2720). 


Mg. G.-mols. x 10%. Distrib. number. Log Cw. Log Caa. K = 100C,a?/Cw. 
7°399 13°10 9°7 1-0730 0°1023 13°5 
5919 10°48 10°9 0°9703 0:0570 13°9 
4°439 7°86 12°3 0°8382 1-9848 13°5 
2-960 5°24 14-4 0°6522 1-8771 12-7 
1-480 2°62 18°6 0°3284 1-6870 11-1 


The approximately linear relation of log Cw with log C,, is shown in Fig. 1. 

Absorption coefficients were determined with a solution (0-18N x 10) in 0-1% methyl- 
alcoholic hydrogen chloride and a cell of 20 mm. As with oenin, the maximum occurs at 
2 5400 up (Fig. 2). 

Fic. 1. Fig. 2. 
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Examination of Cyclamin.—The picrate (25-1 mg.) supplied 

by Professor Karrer was dissolved by gentle heating with 

0-5% hydrochloric acid (50c.c.) and isoamyl alcohol (10 c.c.) ; 

the solution was then mixed with benzene (50 c.c.) and 

separated after vigorous shaking. The aqueous solution was 

extracted seven times with benzene (total, 300 c.c.); the last 

two extracts were free from picric acid. The solution was 

washed twice with isoamyl alcohol (10 c.c.), filtered, and 

18 0 ‘2 colorimetrically estimated, oenin chloride being used as a 

Log Cag: standard. The distribution ratios were then determined 
for three concentrations :— 


Mg. G.-mols. x 10%. Distrib. number. Log Cw. Log Caa. 
7°333 12-99 8-09 1-0773 0:0168 
4°899 8°66 9°42 0°8743 1-9116 y 
2°430 4:18 14:3 0°5486 1-7750 10° 


The relation between log Cy and log C4, is shown in Fig. 1, and for comparison the values for 
oenin chloride are reproduced. 

There can be no doubt that cyclamin is malvidin 3-8-glucoside. 

Examination of the Anthocyanin of Primula Sinensis.—The first two specimens submitted 
by Miss R. Scott-Moncrieff gave distribution numbers intermediate between those required for 
the glucoside and the galactoside of malvidin but with a closer approach to the latter (Fig. 3). 
Owing to some doubt about the composition of the substance the results are calculated for 
2H,O, 3H,O, and 4H,O. Later a purer specimen was acquired and this gave the following 
results :-— 





Bell and Robinson : 


Mg. G.-mols. x 10%. Distrib. number. Log Cw. Log Caa. K. 

9°611 15°31 8°76 11452 0°1275 12°87 
7°074 11-27 10°31 1-0047 0°0655 13°38 
4°806 7°66 12°67 0°8254 1-9868 14-06 
2°403 3°83 17-08 0°5024 1-8158 13°47 
2-358 3°76 16°39 0°4969 1-7898 12-10 
1-179 1-88 19°94 0°1790 1-5738 9°30 


Fig. 4 shows the graph log Cy—log C,, for malvidin chloride 3-galactoside with the points 
derived from the above data for comparison. These results were confirmed by the use of the 
orcinol reaction in the following manner. 
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Solutions of oenin chloride, malvidin chloride galactoside, and the pigment from rose- 
coloured flowers of Primula sinensis were prepared and made up to the same concentration 
(about 5-0 mg. in 100c.c.) by colorimetric comparison ; the anthocyanins were then hydrolysed 
by heating on the steam-bath for 1 hour after the addition of one-third of a volume of concen- 
trated sulphuric acid. The malvidin was completely removed from the cooled solutions by 
means of amyl alcohol and the aqueous solutions were then washed with pure benzene and with 
light petroleum previously distilled over caustic potash. Any slight differences in total volume 
were then adjusted. A 2% solution of orcinol in sulphuric acid (1 vol. of concentrated acid 
mixed with 3 vols. of water) and a mixture of 3 vols. of concentrated sulphuric acid and 1 vol. 
of water were used as stock reagents. The sugar solution from the anthocyanin (1 c.c.) was 
mixed with the orcinol solution (2 c.c.) and the 3: 1 sulphuric acid (15 c.c.); this was done with 
each of the three specimens and the flasks were then placed together in a water-bath at 80—90° 
and heated for the same length of time. A yellowish-orange coloration resulted and the in- 
tensities were compared colorimetrically, the malvidin galactoside being used as standard in 
each case. 
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Time Galacto- Time Galacto- 
(mins.). side. Oenin.  Primulin. (mins.). side. Oenin.  Primulin. 
(1) 5 1 0°63 5 (2) 5 1 0°79 1:02 
10 1 0°61 : 10 1 0°83 1-02 
15 1 0°76 : 15 1 0°77 1-03 
30 1 0°82 . 30 1 0°74 0°90 


In the first series the P. sinensis pigment had been standing for some time and the slightly 
higher results are probably due to formation of colourless or pale-coloured galactosides by 
decomposition. On colorimetric adjustment of the concentration any such substances would 
remain as additional sources of galactose. The second series was carried out with the purest 
specimens available and fresh solutions. 

Under the conditions described above, galactose was found to give a much deeper colour than 
glucose. The amount of hexose used in each of the tests was less than 0-01 mg. 

«w-O-T riacetyl-B-xylosidoxy-4-acetoxy-3 : 5-dimethoxyacetophenone.—Active silver oxide (4-4 g.) 
(compare Helferich and Klein, Annalen, 1926, 450, 256) was added to a solution of w-hydroxy-4- 
acetoxy-3 : 5-dimethoxyacetophenone (4-8 g.) and triacetylxylosidyl bromide (7-2 g.) in dry 
benzene (29 c.c.) at about 40°; the temperature rose to 80° and after } hour the mixture was 
gently heated and filtered. The syrupy xyloside was precipitated by means of light petroleum 
and triturated with hot and with cold water; it was then precipitated from methyl-alcoholic 
solution (charcoal) by means of water and on repetition of this process the derivative crystallised 
(yield, 3 g. or 47%), m.p. 70—73° after drying in a vacuum over phosphoric oxide (Found : 
C, 53-7; H, 5-5. C,,;H,,0,3, requires C, 53-9; H, 5-5%). 

Malvidin Chloride 3-Xyloside (II).—A solution of triacetylxylosidoxyacetoxydimethoxy- 
acetophenone (3-5 g.) and 2-O-benzoylphloroglucinaldehyde (3-5 g.) in dry ethyl acetate (50 c.c.) 
was cooled to 0°, saturated with hydrogen chloride, and kept for 3 days in the ice-chest. A 
red crystalline deposit (A) was collected ; the flavylium salt was precipitated from the filtrate by 
means of ether, washed, and dried (yield, 0-8 g.) (Found : C, 57-4; H, 4-6; Cl, 5-0. C,,H,;,0,,Cl 
requires C, 57-6; H, 4:5; Cl, 46%). This material appéared to be the xyloside, but (A) is 
already hydrolysed (Found: C, 60-0; H, 4-1; Cl, 7-2. C,,H,,O, requires C, 60-9; H, 4-1; Cl, 
7-1%), and in fact it is probably 5-O-benzoyl-4'-O-acetylmalvidin chloride. The substance was 
composed of well-defined orange-red needles, differing from benzoylmalvidin chloride; it gave 
a red solution in alcohol and a blue solution in aqueous sodium carbonate. On hydrolysis by 
means of methyl-alcoholic barium hydroxide and re-formation of the flavylium salt, an exception- 
ally pure specimen of malvidin was obtained. 

The acetylated xyloside precipitated by ether lost its sugar on hydrolysis under most con- 
ditions and after several unsuccessful attempts the following procedure was adopted. The 
crude product (1-9 g.) was dissolved in the minimum quantity of 0-5% methyl-alcoholic hydrogen 
chloride and, after exclusion of air with hydrogen, an excess of dilute methyl-alcoholic baryta 
was added. The barium was exactly precipitated by methyl-alcoholic sulphuric acid after 
6 hours, and the anthocyanin precipitated from the filtered solution by means of ether. This 
material was not free from barium salts; it was dissolved in alcohol, and the filtered solution 
mixed with saturated aqueous picric acid. Only a small proportion of the picrate separated and 
the solution was concentrated in a vacuum at room temperature. The picrate was collected 
and precipitated again from an aqueous-alcoholic picric acid solution. (It was completely 
hydrolysed by solution in cold 4% methyl-alcoholic hydrogen chloride and precipitation of the 
chloride with ether.) 

The picrate was shaken with 0-5% hydrochloric acid, and the resulting solution repeatedly 
washed with ethereal picric acid in order to remove all traces of malvidin. Picric acid was then 
removed by means of ether, toluene, and ether, and the ether was removed in a stream of air. 
This solution was estimated by colorimetric comparison with oenin chloride, allowance being 
made for the small difference in molecular weight. 

The distribution numbers with isoamyl] alcohol were found to be independent of the concen- 
tration : 8-09 mg. in 50 c.c. of the mixed solvents, D.N. 45-3; 2-70, 45-3; 1-98, 45-7; 1-76, 
43-9; very dilute, 46-0. 

The absorption was measured in an aqueous solution of 1 mg. in 100 c.c. (Fig. 5). The colour 
in water is not so bright as in alcohol. 

The colour reactions in solutions of graded py were examined, 1-98 mg. in 25 c.c. being used. 
As the acid concentration was higher than normal, a corresponding oenin solution was used for 
comparison (2-16 mg. in 25 c.c. of 0-5% acid), and for the same reason the results are somewhat 
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different from those previously recorded. The oenin observations are in parentheses. (1) Rose 
(rose); (3) rose (rose); (5) slightly paler rose (slightly paler rose) ; (7) like (5) (rather bluer rose) ; 
(9) bluish-rose (like 7); (11) reddish-violet (rose with blue shade); (13) slaty-blue (pale red- 
violet); (15) violet-blue (like 13); (16) blue (pale blue, fading); (17) blue (like 16). 
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Absorption spectrum of malvidin chloride xyloside. 


After 1} hours: (1) to (7) graduated series of rose, decreasing in intensity in both cases; 
(9) very pale pink (almost colourless) ; (11) like (9) (colourless) ; (13) pale violet (nearly colourless) ; 
(15) violet-blue (pale reddish-violet) ; (16) blue (blue) ; (17) yellow (yellow). 


The authors thank Girton College, Cambridge, for a Yarrow Research Studentship awarded 
to one of them, and Miss R. Scott-Moncrieff for the opportunity afforded to examine the pig- 
ment of P. sinensis. 
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175. The Dismutation of Some Disulphides. Part III. Molecular 
Rearrangements following Dismutation. 


By R. G. BARTLETT and E. W. McCLELLAND. 


It has been shown (Part II; J., 1932, 2883) that 2 : 2’-dithiobenzamide (I; R = H) reacts 
with potassium acetate and acetic anhydride to give products identical with those ob- 
tained from the isothiazole (II; R= H), namely, 3-hydroxy-2-acetyl-1-thionaphthen 
(VI), 3-acetoxy-l-thionaphthen (VII), and 3-acetamido-l-thionaphthen (X; R = Ac). 
The formation of these products has been attributed to the dismutation (a) of the disulphide 
and the subsequent reaction of the isothiazole (II). The behaviour of some N-substituted 
isothiazoles (II; R = Me, Et, Ph, or CH,Ph) and of the corresponding dithiobenzamides 
(I; R = Me, Et, Ph, or CH,Ph) with potassium acetate and acetic anhydride has now been 
investigated. 

2-Keto-l-phenyl-1 : 2-dihydrobenzisothiazole (II; R = Ph) gave the hydroxyacetyl- 
and the acetoxy-thionaphthen (VI and VII), together with a product which did not show 
the reactions of the expected aminothionaphthen (X; R = Ph). The analytical data for 
this product corresponded to those required by the acid (IV; R = Ph), but the substance 
gave a blue coloration with alcoholic ferric chloride, and formed an acetyl and a p-toluene- 
sulphonyl derivative, both of which were insoluble in cold alkali. The acetyl derivative 
was also obtained directly by modified treatment of the crude condensation product. 
These properties excluded the structure (IV) and suggested that the substance was the 
isomeric anilide (V). This conclusion was confirmed by condensing the ester (VIII) with 
aniline, an identical material being obtained. Investigation of other N-substituted so- 
thiazoles (II; R = Me, Et, or CH,Ph) confirmed these results. With each the hydroxy- 
acetyl- and acetoxy-thionaphthen (VI and VII) were obtained, together with compounds 





The Dismutation of Some Disulphides. Part III. 819 


identical with those resulting from the condensation of the ester (VIII) with the appropriate 
amines. The necessary isothiazoles (II; R = Et or CH,Ph) which had not previously been 
prepared were obtained by a modification of the method already described (McClelland 
and Gait, J., 1926, 921) and also from the corresponding 2: 2’-dithiobenzamides by the 
method of Reissert and Manus (Ber., 1928, 61, 1308). 


i fon’ H 
| CH<Conne |, — CoH pe + Cig Te iis 


(I.) a CO ar) 
¥ 
pow? 


CH<ED>NR i CHH<P>NR B 3 CoH .<C>C-COH ~~ CoH y<¢->C-CONHR 
CH, H-C-CO,H NHR OH 
(IX.) (III.) (IV.) (V.) 


fe d) free 
C,H,<2>CH C,H, >CAc C,H,<2>CH C,H,<2>C-CO,Me 
¢ ¢ ¢ ¢ 


NHR OH OAc OH 
(X.) (VI.) (VII.) (VIII.) 

The formation of (V) is attributed to the sequence of intramolecular rearrangements ()) 
and (c), type (b) being analogous to the rearrangement of the alkylidenephthalides to diketo- 
hydrindenes (Gabriel and Neumann, Ber., 1893, 26, 951; compare Claisen, Ber., 1896, 29, 
2931; Claisen and Haase, Ber., 1903, 36, 3674 ; Nathanson, Ber., 1893, 26, 2576; Biilow and 
Deseniss, Ber., 1904, 37, 4379). Intramolecular rearrangements analogous to (c) appear 
to be unknown, although the conversion of salicylanilide into acridone by way of phenyl- 
anthranilic acid (Pictet and Rubert, Ber., 1896, 29, 1189) may be regarded as the reversal 
of this type. 

In Part II the formation of 3-acetamidothionaphthen (X; R = Ac) was attributed to 
decarboxylation (III —> IX), followed by the rearrangement (d). It is now evident 
from the position of the CO-NHR group in the product (V) that rearrangement precedes 
decarboxylation. 

The formation of 3-hydroxy-2-acetyl-1-thionaphthen in these condensations (compare 
McClelland, J., 1929, 1588; McClelland and D’Silva, J., 1931, 2972; Part II) provides 
interesting examples of carbon acetylation. In the structure (III) the presence of a two- 
fold electronic source (S and N) 1:5 and 1:3 tothe carbon which becomes acetylated might 
be expected to facilitate direct carbon acetylation at this stage. That direct carbon 
acetylation can be effected by means of acetic anhydride and potassium acetate appears 
probable from the work of Baker (J., 1933, 1384). The alternative to direct carbon acetyl- 
ation at stage (III), namely, acetylation of the group in the 3-position at stage (IV) or (V), 
followed by migration and displacement of the group in the 2-position, cannot be excluded 
and is being investigated. 

The reaction of the N-substituted 2 : 2’-dithiobenzamides (I) with potassium acetate and 
acetic anhydride was next investigated. 2:2’-Dithiobenzomethylamide (I; R = Me) 
with these reactants gave 3-hydroxy-2-acetyl-1-thionaphthen (VI), 3-acetoxy-1-thionaph- 
then (VII), and a small quantity of a material which gave the characteristic reactions of 
3-hydroxy-2-methylcarbamyl-1-thionaphthen (V; R = Me). Similarly, 2 : 2’-dithiobenzoethyl- 
amide (1; R = Et) and 2: 2’-dithiobenzobenzylamide (1; R = CHgPh) gave the two acetyl- 
oxythionaphthens (VI and VII) and small quantities of 3-hydroxy-2-ethylcarbamyl-1- 
thionaphthen (V ;R = Et) and 3-hydroxy-2-benzylcarbamyl-1-thionaphthen (V ;R = CH,Ph) 
respectively. Unchanged material was recovered in these experiments. Pure specimens 
of these 2-substituted amides of 3-hydroxy-1l-thionaphthen were not obtained in these 
reactions on account of the small quantities formed and the difficulty of purification, but 
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their presence was demonstrated by their characteristic reactions. 2 : 2’-Dithiobenzanilide 
(I; R = Ph) also reacted with potassium acetate and acetic anhydride, but less readily 
than the dithiobenzamides described above. The two acetyloxythionaphthens (VI and VII) 
were obtained, but the expected 3-hydroxy-2-phenylcarbamyl-1-thionaphthen (V ; R = Ph) 
could not be detected among the products. 

These experiments in which the dithiobenzamides and the corresponding ‘sothiazoles 
yield identical products with the same reactants under similar conditions support the 
hypothesis that the dithiobenzamides undergo dismutation. Moreover the behaviour of 
the phenyl amide (I; R = Ph) suggests that substitution of an aromatic nucleus for the 
amide hydrogen depresses the tendency to dismutation. 


EXPERIMENTAL. 


Condensation of 2-Keto-1-phenyl-1 : 2-dihydrobenzisothiazole (II; R = Ph) with Acetic Anhydride 
and Potassium A cetate.—The isothiazole (3 g.) was heated with aceticanhydride (10c.c.) and freshly 
fused potassium acetate (3 g.) under reflux for 30 minutes at 115—120°. Thecooled product was 
diluted with water, heated at 100° for a short time, and distilled in steam. The distillate was 
extracted with ether, and the ethereal solution extracted with aqueous sodium hydroxide (2N). 
The alkaline extract (a) on acidification gave 3-hydroxy-2-acetyl-l-thionaphthen. The ethereal 
solution (b) was washed with water, dried over anhydrous sodium sulphate, and evaporated ; 
the residual oil gave the characteristic reactions of 3-acetoxy-l-thionaphthen. The mother- 
liquor from the steam distillation was diluted with water. The material (A) which separated was 
washed with water by decantation and crystallised from alcohol, forming colourless needles, 
m. p. 231° (Found : C, 67-3; H, 4-2; N, 5-4. C,;H,,O,NS requires C, 67-0; H, 4-1; N, 52%). 
The material (A) was soluble in aqueous sodium carbonate and aqueous sodium hydroxide, 
giving solutions with a mauve fluorescence. Heated with acetic anhydride, it gave an acety/ 
derivative, colourless needles, m. p. 180°, from alcohol (Found : C, 65-5; H, 4:3. C,,H,,;0,;NS 
requires C, 65-6; H, 4-2%), which was also obtained in the primary condensation when the 
steam distillation was omitted. The p-toluenesulphonyl derivative, obtained by heating (A) 
(0-2 g.) and p-toluenesulphonyl] chloride (0-25 g.) in pyridine for 30 mintues at 100° and precip- 
itated on addition of 2N-hydrochloric acid, crystallised from acetic acid and finally from alcohol 
in colourless prisms, m. p. 166—167° (Found : C, 62-6; H, 4-5. C,,H,;0O,NS, requires C, 62-6; 
H, 4-0%). 

Synthesis of A (3-Hydroxy-2-phenylcarbamyl-1\-thionaphthen) (V; R = Ph).—Methyl 3- 
hydroxy-1-thionaphthen-2-carboxylate (A nnalen, 1912, 393, 338; 1907, 351, 407) (0-35 g.) was 
refluxed with aniline (1-5 c.c.) for 30 mintues. The material which separated on cooling was 
washed with ether and crystallised from acetic acid ; it had m. p. 230°, alone or mixed with (A), 
and gave identical colour reactions. 

Condensation of 2-Keto-1-methyl-1 : 2-dihydrobenzisothiazole (II; R = Me) with Acetic Anhydr- 
ide and Potassium Acetate——The isothiazole (Ber., 1928, 61, 1308) (2 g.), acetic anhydride 
(10 c.c.), and potassium acetate (3-2 g.) were heated for 30 minutes at 125—130°. The mixture 
was treated as in the previous condensation. Solutions (a) and (0) gave the same products as 
before. The residue from the steam distillation -was boiled with acetic acid (charcoal). The 
material which separated from the filtered solution on cooling crystallised from methyl alcohol 
in needles, m. p. 122—123°, which were invariably pale red owing to oxidation to thioindigotin 
[Found : S, 14:7% (Schoeller)]. Its identity with 3-hydroxy-2-methylcarbamyl-1-thionaphthen 
(V; R= Me) was proved by synthesis: Methyl 3-hydroxy-1-thionaphthen-2-carboxylate 
(1-5 g.) was heated with methyl-alcoholic methylamine (10 c.c. of 10% approx.) in a sealed tube 
for 1 hour at 180°; the material precipitated by 2N-hydrochloric acid was rapidly crystallised 
from methyl alcohol and then had m. p. 125—126° alone or mixed with the preceding specimen 
(Found : C, 57-9; H, 4:1. CygH,O,NS requires C, 57-9; H, 4-4; S, 15-4%). Both specimens 
gave the same blue coloration with alcoholic ferric chloride and mauve fluorescence in alkali. 

2 : 2'-Dithiobenzoethylamide (I; R = Et).—Dry ethylamine was passed into a suspension of 
2: 2’-dithiobenzoyl chloride (5 g.) in dry benzene (30 c.c.), and the solid was collected, boiled 
with water, and crystallised from alcohol, forming colourless prisms, m. p. 203° (Found : C, 
60-0; H, 5-6. C,,H,,.O,N,S, requires C, 60-0; H, 5-6%). 

2-Keto-1-ethyl-1 : 2-dihydrobenzisothiazole (II; R = Et).—(i) 2: 2’-Dithiobenzoethylamide (2 g.) 
was ground to a paste with carbon tetrachloride and bromine (0-4 c.c.). _Thesolid was collected, 
dissolved in boiling acetic acid, and poured into excess of 2N-sodium hydroxide, and the oil 
obtained was extracted and dried in ether, recovered, and distilled under reduced pressure, 
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giving a solid which crystallised from aqueous alcohol in colourless needles, m. p. 118—120°. 
(ii) A chlorinated solution of 2 : 2’-dithiobenzoyl chloride (10 g.) in carbon tetrachloride (compare 
J., 1926, 921) was stirred into a solution of ethylamine (4 g.) in pyridine (30 c.c.) and the product 
was cooled, acidified with 2N-hydrochloric acid, and heated till free from carbon tetrachloride. 
Extraction with ether gave the required material [Found : C, 59-6; H, 5-2 (Schoeller). C,H,ONS 
requires C, 60-3; H, 5-0%]. A-solution of the isot¢hiazole (1 g.) in acetic acid (10 c.c.) containing 
hydrogen peroxide (5 c.c. of 30%), heated for 1 hour at 100° and diluted with water, gave a 
material which crystallised from alcohol in colourless needles, m. p. 92—94° (N-ethyl-o-benzoic 
sulphinide has m. p. 94°). 

Condensation of 2-Keto-1-ethyl-1 : 2-dihydrobenzisothiazole (11; R = Et) with Acetic Anhydride 
and Potassium Acetate.—The isothiazole (2 g.), acetic anhydride (10 c.c.), and potassium acetate 
(2 g.) were heated for 45 minutes at 120—125°, and the product treated as before. Solutions 
(a) and (b) again gave the same two products. The residue from the steam distillation was 
extracted in ether, recovered and heated with aqueous ammonium carbonate. From the 
filtered and acidified solution, ether extracted 3-hydroxy-2-ethylcarbamyl-1-thionaphthen (V ; 
R = Et), which crystallised from aqueous alcohol in colourless needles, m. p. 135°, gave 
an intense blue coloration with alcoholic ferric chloride and a mauve fluorescence in alkaline 
solution, and was synthesised from methyl 3-hydroxy-1-thionaphthen-2-carboxylate (2 g.), 
ethylamine (1 g.), and ethyl alcohol (10 c.c.) at 180° (1 hour) (Found: C, 59-9; H, 4-8. 
C,,H,,0,NS requires C, 59-7; H, 5-0%). 

2 : 2'-Dithiobenzobenzylamide, obtained from benzylamine (5 g.) and a suspension of 2: 2’- 
dithiobenzoy] chloride (5 g.) in benzene (50 c.c.), was boiled with water and crystallised from 
acetic acid, forming colourless needles, m. p. 206° (Found : C, 69-4; H, 5-0. C,,H,,O,N,S, 
requires C, 69-4; H, 5-0%). 

2-Keto-1-benzyl-1 : 2-dihydrobenzisothiazole (II; R = CH,Ph).—This was prepared by the two 
methods used in the case of the corresponding ethyl compound : (i) 2 : 2’-dithiobenzobenzylamide 
(1 g.) and bromine (0-15 c.c.) in carbon tetrachloride; (ii) a chlorinated solution of 2 : 2’-dithio- 
benzoyl chloride (15 g.) in carbon tetrachloride and a solution of benzylamine (10 g.) in pyridine 
(25 c.c.). Both specimens crystallised from methyl alcohol in colourless needles, m. p. 89° alone 
or mixed (Found : C, 69-7; H, 4-4. C,,H,,ONS requires C, 69-7; H, 4-6%), and when heated 
(2 g.) in acetic acid (50 c.c.) with hydrogen peroxide (10 c.c. of 30%) for 1 hour at 100° gave a 
substance, m. p. 110—112° (N-benzyl-o-benzoic sulphinide has m. p. 111°). 

Condensation of 2-Keto-1-benzyl-1 : 2-dihydrobenzisothiazole (Il; R = Ch,Ph) with Acetic An- 
hydride and Potassium Acetate.—The isothiazole (1 g.), acetic anhydride (7 c.c.), and potassium 
acetate (1 g.) were heated for 1 hour at 125—130°. Solutions (a) and (b) again contained the 
same two substances. The residue after the steam distillation was boiled with 2N-ammonium 
carbonate (charcoal), and from the filtered and acidified solution a material (B) was obtained 
which crystallised from aqueous alcohol in colourless needles, m. p. 130—131-5°, gave the usual 
colour reactions in alcoholic ferric chloride and in alkaline solution, and was synthesised by the 
following method. 

Synthesis of 3-Hydroxy-2-benzylcarbamyl-1-thionaphthen (V; R = CH,Ph).—Methyl 3- 
hydroxy-1-thionaphthen-2-carboxylate (2 g.) and benzylamine (2-5 g.) were heated for 12 hours 
at 100°, the product dissolved in ether, the solution washed with 2N-hydrochloric acid and 
shaken with 2N-sodium hydroxide, and the oil which separated shaken with ether and 2N- 
hydrochloric acid. The ethereal solution was dried over anhydrous sodium sulphate and 
evaporated; the residue crystallised from alcohol in colourless needles, m. p. 134°, and 133° 
when mixed with (B), and gave identical reactions (Found : C, 67-9; H, 4-8. C,,H,,;0,NS requires 
C, 67-8; H, 46%). The acetyl derivative, prepared with boiling acetic anhydride, crystallised 
from acetic acid in colourless needles, m. p. 148° (Found: C, 66-6; H, 4:8. C,,H,,;0O,;NS 
requires C, 66-5; H, 4-6%). 

Reaction of the Substituted 2: 2'-Dithiobenzamides with Acetic Anhydride and Potassium Acet- 
ate.—(i) 2 : 2'-Dithiobenzomethylamide (I; R = Me) (4g.), acetic anhydride (25 c.c.), and potass- 
ium acetate (5 g.) were heated for 1 hour at 125—130°. (ii) 2: 2’-Dithiobenzoethylamide (I; 
R = Et) (1 g.), potassium acetate (1 g.), and acetic anhydride (12 c.c.) were similarly heated. 
(iii) 2: 2’-Dithiobenzobenzylamide (I; R = CH,Ph) was similarly treated. (iv) 2: 2’-Dithio- 
benzanilide (I; R = Ph) (5 g.), potassium acetate (5 g.), and acetic anhydride (30 c.c.) were 
heated for 45 minutes at 125—130° and also refluxed for 44 hours. In each case the mixture 
was treated as in the isothiazole condensations. The products obtained are mentioned on p. 819. 


Kinc’s CoLLeGe, LoNDON. . [Received, March 3rd, 1934.) 
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176. The Constitution and Reactions of Thiocarbonyl Tetrachloride. 
Part I. Reaction with Arylamines. 


By JosEPpH M. CoNNOLLY and G. MALCcoLm Dyson. 


RATHKE (Annalen, 1873, 167, 195) prepared thiocarbonyl tetrachloride from chlorine and 
carbon disulphide, using 0-1% of iodine as catalyst, and formulated it CCl,°SCl (I). Certain 
of its reactions, notably its reduction by sulphites and nascent hydrogen to thiocarbony]l 
chloride, suggest the structure CCl,<-SCl, (II). To investigate the reactions of thio- 
carbonyl tetrachloride and to decide between these structures is the purpose of the 
present investigation. 

The parachor of thiocarbonyl tetrachloride is 266-1, from which Briscoe, Peel, and 
Robinson (J., 1929, 1048) concluded that (I) is correct; a conclusion invalidated by the 
better agreement of the experimental figure with that calculated for (II) (C, 4:8; 4Cl, 
217-2; S, 46-5; one semi-polar bond, —1-6; total, 266-9) than with that calculated for 
(I) (268-5). The formation of potassium mercaptomethanetrisulphonate (Backer, Rec. 
trav. chim., 1930, 49, 1048) from potassium sulphite and thiocarbonyl tetrachloride was 
considered evidence for (I), but involves an assumption that the three sulphonic groups 
attached to the methane carbon have replaced three chlorine atoms. It appears that 
the potassium salt cited is not formed directly from thiocarbonyl tetrachloride, since we 
have isolated thiocarbonyl chloride as an intermediate. The reaction follows the course : 


CSCl, + K,SO,-+ H,O = CSCI, + K,SO, + 2HCl 

2HCl + K,SO, = 2KHSO, + 2KCl 

2KHSO, + CSCI, = CS(SO,K), + 2HCl 

CS(SO;K), + KHSO, = C(SH)(SO,K), 
Alternatively, if, as Backer suggests (ibid., 1931, 50, 268; 1932, 51, 988), the final product 
is to be written CH(SO,K),°S(SO,K), the last equation must be modified so that the ad- 
dition is inverted. This avoids the cumbrous and improbable explanation suggested by 
Backer for the attachment of hydrogen to the methane carbon. 

Compounds obtained from the interaction of thiocarbony] tetrachloride and arylamines 
were formulated R-NH-S’CCl, (Johnson and Hemmingway, J. Amer. Chem. Soc., 1916, 
38, 1860), but no structural evidence was advanced, it being assumed that the reactive 
chlorine atom was attached to sulphur (I). This is in direct opposition to the observation 
(Rathke, Joc. cit.) that this chlorine atom is not removed during oxidation of thio- 
carbonyl tetrachloride to trichloromethanesulphonyl chioride, CCl,-SO,Cl. In _ the 
absence of direct evidence on this point, four formule are possible for the product of 
interaction of thiocarbonyl tetrachloride and arylamines : 

R-NH-S:CCl, R-NH-SCI+CCl, R-NH-CC1,°SC1 R-NH-CCl<SCl, 

(III.) (IV.) (V.) (VI.) 
Boiling water hydrolyses the p-tolyl derivative to p-tolylthiocarbimide, hydrogen chloride, 
thiocarbonyl tetrachloride, and #-toluidine hydrochloride. Hydrogen chloride in chloro- 
form solution quantitatively regenerates the hydrochloride of the original amine and 
thiocarbony] tetrachloride; dilute alkali solution produces both #-tolylthiocarbimide and 
p-tolylcarbylamine, even in the cold. These reactions point to the presence in the compound 
of an R-"N-C- group and, if isomerisation during hydrolysis be precluded, excludes formule 
(III) and (IV). 

The compounds of this series react with potassium hydroxide in alcohol, the elements 
of hydrogen chloride being eliminated (Rathke; Johnson and Hemmingway; Jocc. cit.) 
with formation of cyclic compounds, to which Johnson and Hemmingway ascribed structure 


VIL.) RN 9 RN CCl," NR (VIII. 

' <a, <s.cCl, ' 
(VII), no evidence being adduced. We have shown that they are represented by the 
structure (VIII).* For instance, the compound for which R is p-tolyl decomposes at 145°, 
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has the molecular weight 410—420 (benzene depression), and is unaffected by water, 
hydrochloric acid, tin and hydrochloric acid, potassium permanganate, and hydrogen 
peroxide, and by alkalis weaker than 80% potassium hydroxide, which decomposes it to 
form some #-tolylcarbylamine. In ether it reacts with hydrogen chloride, giving 3- 
chloro-p-toluidine hydrochloride and ¢trichloromethylthiol : 


CoH Me NCCCRP>N-CoH Me + 4HCI = 2CClySH + [2C,H,Me-NHCI] —> 
2 
2C,H,MeCl-NH, 


With hydrogen bromide in ether it regenerates the original amine and forms an orange oil, 
presumably CCl,BrSBr. The #-tolyl compound cannot be acetylated or benzoylated. 
These facts support formula (VIII). Similar compounds were prepared from aniline, 
p-chloroaniline, and #-anisidine, but both s-tribromoaniline and 3 : 5-dibromo-f-toluidine 
failed to react; with m-2-xylidine and 2 : 4-dichloroaniline, only the corresponding thio- 
carbimide could be obtained when the product of interaction with thiocarbonyl tetra- 
chloride was stirred with alcoholic potash (R-NH-CCl,-SCl > R:NCS). 


EXPERIMENTAL. 


p-7 oluidinodichloromethylchlorothiol (V ; R =C,H,).—p-Toluidine (11-6 g.) was slowly added to 
a stirred mixture of thiocarbonyl tetrachloride (20 g.) in ether (120 ml.) and sodium carbonate 
(8 g.) in water (230 ml.), kept below 30°. After 15 minutes the ethereal layer was removed, the 
residue extracted with ether (20 ml.), and the combined extracts washed with water and freed 
from ether by spontaneous evaporation. The chlorothiol formed long white needles, m. p. 73°, 
from ligroin (Found: S, 12-6. C,H,NCI,S requires S, 12-5%). 

The corresponding phenyl, p-anisyl, p-chlorophenyl, and 2: 6-xylyl compounds, obtained 
by the same method, were oils which readily decomposed but were characterised by conversion 
into cyclic compounds. 

2: 2:65: 5-Tetrachloro-| : 4-di-p-tolyl-1 : 2: 4: 5-tetrahydro-3 : 6-dithiapyrazine (VIII; R= 
C,H,).—Potassium hydroxide (8 g.) in alcohol (75 ml.) was added slowly with stirring to an 
ethereal solution of the previous preparation. After 4 hours the compound was filtered off 
and freed from potassium chloride by extraction in ligroin. It formed white needles, m. p. 
142-5° (violent decomp.) (Found: S, 14:8. C,gH,,N,Cl,S, requires S, 14-5%). 

The following analogues were prepared: phenyl, white needles, m. p. 145-5° (decomp.) 
(Found: S, 15-5. C,H yN,Cl,S, requires S, 15-5%); p-anisyl, colourless rhombs, m. p. 113° 
(decomp.) (Found: S, 13-4. C,sH,,0,N,Cl,S, requires S, 13-55%); p-chlorophenyl, white 
needles, m. p. 160° (decomp.) (Found: S, 13-3. C,,H,N,Cl,S, requires S, 13-3%). 

Trichloromethylthiol—The preceding tetrachlorodi-p-tolyltetrahydrodithiapyrazine (20 g.) 
in ether (1 1.) was saturated with dry hydrogen chloride (9 hrs.). After 24 hours, the 3-chloro- 
p-toluidine hydrochloride was removed, and the filtrate evaporated to 500 ml. and again saturated 
with hydrogen chloride. Further evaporations and saturations were carried out until the 
filtrate gave no further precipitate of hydrochloride (70 ml.). Ether was removed at 55°, and 
the oil washed with saturated sodium bicarbonate solution, dried over calcium chloride, and 
distilled in a vacuum, yielding an orange oil with a repulsive odour, b. p. 125°/15 mm. (Found : 
S, 21-3; Cl, 70-0. CHCI,S requires S, 21-1; Cl, 70-3). In air ¢trichloromethylthiol was 
slowly oxidised to a yellow crystalline substance, m. p. 96°, probably the disulphide. It de- 
composed into sulphur dichloride and a crystalline solid when heated under ordinary pressure. 
In an evacuated apparatus it was decomposed by sodium, evolving hydrogen. With alcoholic 
mercuric chloride it yielded a white precipitate (acid filtrate), a reaction characteristic of mer- 
captans. Oxidation with fuming nitric acid gave chloropicrin. 

m-X ylyl-2-thiocarbimide.—m-2-Xylidine (13 g.) in ether (50 ml.) was stirred with sodium 
carbonate (10 g.) in water (200 ml.) and thiocarbonyl tetrachloride (20 g.) in ether (50 ml.). 
After 2 hours, the ethereal layer was separated and mixed slowly with potassium hydroxide 
(10 g.) in alcohol (100 ml.). The mixture was freed from precipitated potassium chloride and 
evaporated spontaneously. The residue was distilled in steam, yielding 5 g. of a pale yellow oil 
(compare Dyson, George, and Hunter, J., 1927, 436). 

Potassium Mercaptomethanetrisulphonate.—Backer’s method was first repeated (Joc. cit.); by 
using potassium carbonate and potassium sulphite, thiocarbonyl chloride was isolated. It was 
then found that the latter compound reacted with potassium sulphite to give potassium mercapto- 
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methanetrisulphonate. Thiocarbonyl chloride (10 g.) was slowly added to a stirred solution 
of potassium sulphite (85 g.) in water (105 ml.) until the orange oil disappeared. The product 
separated in crystals which were obtained in large transparent pyramids from water (Found : 
S, 28-8. Calc. for CHO,S,K;,2H,O: S, 29-2%). The water of crystallisation is lost at 105°. 


Our thanks are extended to Prof. G. T. Morgan for a generous gift of m-2-xylidine. 


LOUGHBOROUGH COLLEGE, LEICESTERSHIRE, [Received, March 5th, 1934.] 





177. New Derivatives of Xylose. 
By GEorGE J. ROBERTSON and THomAs H. SPEEDIE. 


In view of the importance of xylose it is surprising that only a comparatively small number 
of its partially methylated derivatives have been prepared and characterised. Levene 
and Raymond (J. Biol. Chem., 1933, 102, 331) have characterised 3-methyl xylose and 5- 
methyl y-xylose, and the preparation of 2-methyl xylose, 2 : 4-dimethyl B-methylxyloside, 
and 3: 4-dimethyl xylose is now described. As 2: 3-dimethyl xylose has already been 
obtained (Hampton, Haworth, and Hirst, J., 1929, 1739), of all the mono- and di-methy] 
derivatives of xylose which may be expected to exist, only 4-methyl xylose, 2 : 5-dimethy] 
y-xylose, and 3 : 5-dimethyl y-xylose (only known in the form of a lactone) remain to be 
prepared. 

Convenient starting points were found in y- and $-methylxyloside, both of which may 
be prepared in one operation by a suitable modification of the usual procedure for obtaining 
y-methylxyloside. 

y-Methylxyloside was condensed with acetone containing dry hydrogen chloride to give 
monoacetone y-methylxyloside, a compound in which the acetone residue may be expected 
to be attached in positions 3 and 5 (compare Haworth and Porter, J., 1928, 611). Methyl- 
ation with the Purdie reagents and subsequent hydrolysis with oxalic acid yielded a crystal- 
line methyl xylose, which was proved to be 2-methyl xylose by the fact that it yielded 
xylosazone, with loss of a methyl group, on treatment with phenylhydrazine. Polarimetric 
observation of the new sugar during mutarotation showed that it possessed the 6-configur- 
ation. It was farther characterised by the preparation of the following crystalline 
derivatives : 2-methyl 6-methylxyloside, 3 : 4-diacetyl 2-methyl 8-methylxyloside, and 3 : 4-di-p- 
toluenesulphonyl 2-methyl 8-methylxyloside. 

In a concurrent series of experiments, xylose readily condensed with benzaldehyde to 
yield a crystalline dibenzylidene xylose (compare van Ekenstein, Rec. trav. chim., 1906, 
25, 153), but 6-methylxyloside gave not the slightest trace of a benzylidene condensation 
compound. This behaviour is striking when compared with that of «-methylarabinoside, 
which readily yields 3 : 4-benzylidene «-methylarabinoside (Miss M. A. Ross, unpublished 
result). It follows that the ¢vans-disposition of the hydroxyl groups on carbon atoms 
3 and 4 in 6-methylxyloside is unfavourable to the entry of a benzylidene residue in these 
positions, and it must be inferred that xylose reacts with benzaldehyde in the y-form to give 
a dibenzylidene xylose of structure (I), which is analogous with that assigned to diacetone 
xylose by Haworth and Porter (loc. cit.). A partial hydrolysis of dibenzylidene xylose to 
a monobenzylidene derivative could not be effected. 

3: 5-Monoacetone y-methylxyloside was converted into 3: 5-monoacetone 2-benzoyl 
y-methylxyloside, which, on treatment with methyl-alcoholic hydrogen chloride, gave 
2-benzoyl methylxyloside. Methylation of this by means of the Purdie reagents did not 
appear to be accompanied by acyl rearrangement, but the reaction was complicated by a 
partial loss of the benzoyl group and it was necessary to provide for the elimination of fully 
methylated xylose which was formed through the exposure of the hydroxyl group in position 
2. The resulting 2-benzoyl 3 : 4-dimethyl methylxyloside was submitted to alkaline and acid 
hydrolysis, after which 3 : 4-dimethyl xylose was isolated as a syrup. The sugar gave a 
dimethyl xylosazone on treatment with phenylhydrazine, from which it follows that position 
2 is unsubstituted. On the other hand it failed to condense with methyl alcohol containing 
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hydrogen chloride at room temperature, from which it is inferred that position 4 is occupied. 
The structure assigned to the new sugar is therefore valid. 3 : 4-Dimethyl B-methylxyloside 
and 3: 4-dimethyl 2-p-toluenesulphonyl B-methylxyloside (II) were prepared for purposes of 
characterisation. 


eres 
MeO—C—H 
H—C—O'S0,°C,H, 
O MeO—C—H 
H—C—OMe 
CH, 
M. p. 105°, [a]p —34°8°. 


8-Methylxyloside, condensed with triphenylchloromethane after the manner of Hel- 
ferich (Ber., 1925, 58, 877), readily yielded a syrupy condensation product (compare Hudson 
and Hockett, J. Amer. Chem. Soc., 1931, 58, 4456). Acetylation of the syrup yielded a 
diacetyl derivative, and subsequent removal of the trityl residue a syrupy diacetyl 6- 
methylxyloside, which, however, was readily converted into a crystalline diacetyl §- 
methylxyloside mononitrate. The nitrate group may be considered to have replaced the 
trityl group, as the experimental conditions throughout preclude the possibility of acyl 
rearrangement. The above crystalline derivative was converted into a new crystalline 
dimethyl §$-methylxyloside, which yielded a crystalline #-toluenesulphonyl derivative 
(III). The constitution of the new sugar depends upon the position originally occupied 
by the trityl group, and direct diagnosis was difficult owing to lack of material. It was 
therefore decided to prepare 2 : 3-dimethyl xylose from xylan as described by Hampton, 
Haworth, and Hirst (/oc. cit.}, and to convert it into the corresponding @-methylxyloside for 
purposes of comparison. 2: 3-Dimethyl -methylxyloside was a syrup which, however, 
yielded crystalline 4-p-/oluenesulphonyl 2 : 3-dimethyl B-methylxyloside (IV). 











7 aus 
MeO—C—H MeO—C—H 





sa H—C—OMe H—C€—OMe 
On? . Cy edyo-C-H ° MeO—C—H 
H—C—OMe | H—C—0°S0,°C,H, 
CH, \____CH, 
M. p. 88°, [a]p —58°9°. M. p. 56—59°, [a]p —8°8°. 

The structures ascribed to (II) and (IV) have been established; the only possible struc- 
ture for the third isomeride, which was derived in the first place by condensing $-methyl- 
xyloside with triphenylchloromethane, is 3-p-toluenesulphonyl 2: 4-dimethyl ®-methyl- 
xyloside (III). It follows that the trityl residue enters the 6-methylxyloside molecule in 
position 3, and that the derived substances are 2: 4-diacetyl @-methylxyloside 3-mono- 
nitrate and 2 : 4-dimethyl 6-methylxyloside. 


EXPERIMENTAL. 


The xylose used in this series of investigations was a much appreciated gift from the Depart- 
ment of Commerce, Bureau of Standards, Washington, and a supply of xylan was obtained 
through the courtesy of Messrs. Tullis, Russell and Co., Markinch. 

Preparation of B- and y-Methylxyloside——A solution of xylose (30 g.) in methyl alcohol 
(750 c.c.) containing dry hydrogen chloride (12 g.) was kept at room temperature until it no 
longer reduced Fehling’s solution (3—4 days). The product, isolated in the usual manner, was a 
viscous syrup (32 g.), which readily yielded a crystalline separation on treatment with acetone 
(25 c.c.); recrystallised once from absolute alcohol, pure 6-methylxyloside, m. p. 156°, was 
obtained (yield, 8-5—11 g.). The acetone filtrate was evaporated to dryness under diminished 
pressure, and crude y-methylxyloside obtained as a mobile syrup (yield, 20—22 g.). 

3 : 5-Monoacetone y-Methylxyloside.—A solution of y-methylxyloside (20 g.) in acetone (250 
c.c.) containing dry hydrogen chloride (2 g.) was kept at room temperature for 10 minutes and 
then neutralised by pouring into a dilute solution of potassium bicarbonate. The aqueous mix- 
ture was repeatedly extracted with chloroform ; the united extracts were dried (sodium sulphate), 


3H 


(IV.) 
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the solvent removed under diminished pressure, and the residue (8-7 g.) distilled in a vacuum, 
yielding 3: 5-monoacetone y-methylxyloside (5-2 g.), b. p. 102—107° (bath temp.)/0-1 mm., 
[«]p + 17-3° in chloroform (c = 4-39) (Found: OMe, 14-2. C,H,,O, requires OMe, 15-2%). 
The low yield is in part due to the crude nature of the y-methylxyloside obtained above. 

3 : 5-Monoacetone 2-methyl y-methylxyloside, prepared by methylating the above compound 
with methyl iodide and silver oxide, was obtained in theoretical yield as a colourless mobile 
syrup, b. p. 77°/0-07 mm., [a]p + 24-6° in chloroform (c = 3-532), nj 1-4500 (Found : 
OMe, 27:1. Cy H,,0; requires OMe, 28-4%). 

2-Methyl xylose was prepared by the simultaneous hydrolysis of the acetone and the methy]l- 
xylosidic group. A solution of 3: 5-monoacetone 2-methyl y-methylxyloside (13 g.) in N- 
oxalic acid (130 c.c.) was boiled until the rotation became constant, cooled, neutralised with 
calcium carbonate, filtered, and evaporated to dryness under diminished pressure. The powdered 
residue was repeatedly extracted with boiling absolute alcohol and the united extracts were 
filtered through charcoal and evaporated to small bulk; 2-methyl xylose separated in colourless 
needles (7-3 g.), m. p. 132—133°. The new sugar was soluble in hot methyl and ethyl alcohols, 
hot acetone, and hot benzene. It showed an initial [«]) —23-9° in water (¢ = 3-626), which 
changed to [«]p -++ 34-8° in 90 minutes and to a final value of [a]) + 35-9° in 20 hours (Found : 
OMe, 18-3. C,H,,0, requires OMe, 18-9%). On treatment with phenylhydrazine dissolved in 
acetic acid it yielded an osazone which contained no methoxy] group; m. p. 157—158°, and 159— 
160° when mixed with authentic xylosazone (m. p. 160—161°). 

Triacetyl 2-methyl xylose was prepared by treating 2-methyl xylose (6-5 g.), dissolved in 
pyridine (50 c.c.), with acetic anhydride (15 c.c.) at room temperature for 12 hours. The 
product was a pale yellow syrup (8-5 g.) which crystallised slowly from aqueous alcohol. Re- 
crystallisation from absolute alcohol gave a product, m. p. 95°, which, when viewed under the 
microscope, was seen to consist of a mixture of plates and needles, and was probably a mixture 
of the «- and the 8-form. The crystals showed [a], —2-2° in chloroform (c = 2-27) (Found : 
OMe, 11-2. C,,.H,,0, requires OMe, 10-7%). 

Preparation of 3: 4-Diacetyl 2-Methyl 8-Methylxyloside.—Triacetyl 2-methyl xylose (7-8 g.) 
was converted into the corresponding 6-methylxyloside by treatment with hydrogen bromide 
dissolved in glacial acetic acid, followed by treatment with methyl alcohol and silver carbonate 
(Fischer, Ber., 1916, 49, 584). The product (6-5 g.), crystallised from ether-light petroleum 
(b. p. 40—60°), gave 3 : 4-diacetyl 2-methyl B-methylxyloside in colourless needles, m. p. 78—79°, 
[%]p —38-1° in chloroform (¢ = 4-02) (Found : OMe, 22-7. C,,H,,0, requires OMe, 23-7%). 

2-Methyl 8-Methylxyloside.—3 : 4-Diacetyl 2-methyl $-methylxyloside (5 g.) was dissolved 
in acetone (10 c.c.) and after the addition of N /2-sodium hydroxide solution (80 c.c.) the mixture 
was boiled for 15 minutes. An excess of solid potassium carbonate was added to the cooled 
reaction mixture, which was then extracted repeatedly with chloroform. On removal of the 
chloroform the product (2-9 g.) solidified to a hard mass of crystals, which were recrystallised 
from dry ether containing a little absolute alcohol. 2-Methyl 8-methylxyloside separated in 
plates, m. p. 111—112°, [«]p —67-7° in chloroform (c = 1-37) (Found: OMe, 34-2. C,H,,0; 
requires OMe, 34-8%). 

2-Methyl @-methylxyloside was converted by treatment with p-toluenesulphonyl chloride 
in pyridine solution into 3 : 4-di-p-ioluenesulphonyl 2-methyl B-methylxyloside, which crystallised 
readily from absolute alcohol in colourless prisms, m. p. 123°, [«]) — 16-0° in chloroform (c = 3-3) 
(Found : OMe, 13-0. C,,H,,0,S, requires OMe, 12-75%). 

Attempted Condensation of B-Methylxyloside with Benzaldehyde.—In experiments carried out 
by the methods of Irvine and Scott (J., 1913, 103, 585) and of Freudenberg (Ber., 1928, 61, 
1750) condensation did not take place. Xylose, on the other hand, when submitted to Freuden- 
berg’s reaction, readily yielded dibenzylidene xylose, m. p. 135—136°, [«]p + 21-5° in chloro- 
form (c = 3-40). Van Ekenstein (/oc. cit.) gives m. p. 130° and [«]p + 37-5° in methyl alcohol. 

Attempted Partial Hydrolysis of Dibenzylidene Xylose.—A solution of dibenzylidene xylose 
(1 g.) in a mixture of acetone (45 c.c.), water (4 c.c.), and N-hydrochloric acid (1 c.c.) was boiled 
until a constant rotation was recorded, polarimetric observations being made at intervals of 15 


minutes. 


Time, mins. ap. [a]p. Time, mins. ap. [a]p. 
Initial +1-76° +88° 75 +1-02° +651° 
+1°66 +83 90 +0°95 +47°5 
+1°42 +71 105 +0°79 +39°5 
41-22 +61 120 +0°79 +39°5 
+ 1-02 +51 
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In a subsequent experiment the hydrolysis was arrested after 60 minutes, but no trace of a 
monobenzylidene derivative was detected, the product being a mixture of xylose and unchanged 
dibenzylidene xylose. 

3 : 4-Dimethyl Xylose.—3 : 5-Monoacetone y-methylxyloside (2-7 g.) was dissolved in pyridine 
(6 c.c.), cooled to 0°, and benzoyl chloride (1-7 c.c.) added drop by drop with constant shaking. 
The resulting solution was kept for 12 hours at room temperature, and the product then iso- 
lated by solution of the mixture in benzene, washing with dilute acid, alkali and water, and 
subsequent evaporation of the benzene solution. 3: 5-Monoacetone 2-benzoyl y-methylxyloside 
was obtained in quantitative yield (4 g.) as a clear viscous syrup which showed a distinct 
tendency to crystallise on standing, but purification by crystallisation was not attempted, as it 
would inevitably have led to large losses of material owing to the presence of «- and $-forms 
(Found: OMe, 10-4. C,H.» O, requires OMe, 10-1%). 

The above compound (6 g.) was dissolved in methyl alcohol (150 c.c.) containing 1-0% of 
dry hydrogen chloride, and the solution boiled for 45 minutes, during which time an initial 
rotation of ap + 2-79° changed to a constant value of «p + 0-81°. Thesmell of methyl benzoate 
indicated that the benzoyl group was partially removed. The hot solution was neutralised 
with lead carbonate, filtered through animal charcoal, and evaporated under diminished press- 
ure. The residue was dissolved in acetone, again filtered through animal charcoal, and on 
removal of the solvent 2-benzoyl methylxyloside (3-6 g.) was obtained as a hard glass (Found : 
OMe, 13-0. C,,;H,,O, requires OMe, 11-6%). The high methoxyl content was undoubtedly 
due to the presence of methyl benzoate (OMe, 22-8%). 

2-Benzoyl methylxyloside (3-6 g.) was methylated three times with the Purdie reagents until 
the refractive index became constant at nj} 1-4890. The resulting syrup was dissolved in 
benzene, the benzene solution extracted repeatedly with water to remove trimethyl methyl- 
xyloside formed through the loss of the benzoyl group and consequent exposure of the hydroxyl 
group to methylation, and the benzene solution dried over anhydrous sodium sulphate and 
evaporated to dryness; 2-benzoyl 3 : 4-dimethyl methylxyloside was obtained as a mobile syrup 
(3 g.), nf 1-4992 (Found: OMe, 31-2. C,;H»O, requires OMe, 31-4%). 

Debenzoylation was carried out by a method similar to that described by Zemplén (Ber., 
1929, 62, 1613). 2-Benzoyl 3: 4-dimethyl methylxyloside (2-7 g.) was dissolved in methyl 
alcohol, a solution of sodium (0-1 g.) in methyl alcohol added, and the mixture boiled for 1 
minute. After dilution with water the solution was evaporated under diminished pressure 
until oily drops of methyl benzoate ceased to come over. An excess of potassium carbonate was 
added to the aqueous residue, which was then extracted repeatedly with chloroform, and the 
united extracts were dried and evaporated to dryness. The resulting syrup might contain un- 
changed material in addition to 3 : 4-dimethyl methylxyloside. It was therefore dissolved in 
benzene and the solution was repeatedly extracted with water ; the water extracts, after addition 
of potassium carbonate, were in turn extracted with chloroform; the chloroform extract was 
dried and evaporated in a vacuum to give a pale yellow syrup (0-9 g.), which on distillation 
yielded 3 : 4-dimethyl methylxyloside as a colourless syrup, b. p. 110—115° (bath temp.) /0-2:mm., 
ny 1:-4520 (Found: OMe, 48-6. C,H,,0,; requires OMe, 48:-4%). The residual benzene 
solution referred to above contained unchanged material (0-3 g.). 

3 : 4-Dimethy] methylxyloside (7 g.) was boiled with 3% hydrochloric acid (140 c.c.) and the 
hydrolysis was controlled polarimetrically. The initial rotation [«]p + 10° changed to a constant 
value [a]p + 20-4° in 50 minutes. The hot solution was neutralised with barium carbonate, 
and after filtration, was extracted with chloroform to remove unhydrolysed material. There- 
after the aqueous solution was evaporated to dryness and the residue was extracted with boiling 
acetone. The acetone extract was decolorised and evaporated ; the residue was disso]ved in dry 
ether, filtered. and evaporated to give 3: 4-dimethyl xylose (5-4 g.) as a colourless viscous syrup, 
nj; 1-4690, [a] + 24-9°, changing to a final value of [«]p + 20-5° in 4 hours in water (c = 2-164), 
and [a]p + 5-3° in chloroform (c = 4-13) (Found : OMe, 34-8. C,H,,0,; requires OMe, 34-8%). 

Attempted Condensation of 3: 4-Dimethyl Xylose with Acid Methyl Alcohol.—A solution of 
3: 4-dimethyl xylose (0-5406 g.) in methyl alcohol containing 1% of dry hydrogen chloride was 
kept at room temperature. Polarimetric readings were taken at intervals, but after 2} days 
the rotation had scarcely altered (+ 22-2° to + 25-5°) and the solution reduced Fehling’s 
solution as vigorously as in the beginning. After 3 days the acid was neutralised with barium 
carbonate and the filtered solution was evaporated to dryness. The residue was purified by 
extraction with acetone, filtration, and evaporation ina vacuum. The product was a viscous 
syrup (0-4 g.), n° 1-4673 (Found: OMe, 33-4. Calc. for C,;H,,0,: OMe, 34:8%). Nocondens- 
ation had taken place. 
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3: 4-Dimethyl xylose, when treated with phenylhydrazine and acetic acid in the usual 
manner, yielded a syrup which was essentially a dimethyl xylosazone (Found: OMe, 13-4; 
N, 14-7. CygH.sO,N, requires OMe, 17-4; N, 15-7%). 

Preparation of 3: 4-Dimethyl 8-Methylxyloside——(a) 3: 4-Dimethyl xylose (1 g.) was con- 
verted into the corresponding dibenzoate, which was a reddish mobile syrup (2 g.), mp 1-5569. 

(b) A benzene solution of the dibenzoate was treated with a 40% solution of hydrogen brom- 
ide in glacial acetic acid (6 c.c.) and ether (9 c.c.) (Fischer, Joc. cit.), whereby the benzoyl group in 
position 1 was replaced by a bromine atom. The reaction was allowed to proceed in a sealed 
vessel at room temperature for 2 hours; the solution was quickly washed with water, with a 
concentrated solution of potassium bicarbonate, and was dried over anhydrous sodium sulphate. 
Success in this preparation depends largely on a short contact with water at this stage. 

(c) The replacement of the bromine with methoxyl was achieved by treatment of the above 
solution with methyl alcohol (20 c.c.) and silver carbonate (10 g.) on a mechanical shaker for 
5hours. The product obtained after removal of the silver and evaporation consisted of a dark- 
coloured syrup, which sometimes reduced Fehling’s solution slightly on warming. In such 
cases it was methylated once with the Purdie reagents; reduction then disappeared entirely. 
The yield in the present case was 1-4 g. 

(d) Debenzoylation was carried out by the method of Zemplén described above, and the 
final product was distilled ina vacuum. The mobile syrup obtained (0-75 g.), b. p. 110—115° 
(bath temp.) /0-15 mm., readily crystallised in small needles from ether—light petroleum (b. p. 
40—60°). 3: 4-Dimethyl 8-methylxyloside, m. p. 89—90°, showed [a]p) —82-2° in chloroform 
(c = 2-085) (Found: OMe, 47-8. C,H,,O, requires OMe, 48-4%). The substance was con- 
verted in good yield into 2-p-toluenesulphonyl 3 : 4-dimethyl B-methylxyloside, which crystallised 
from ether-light petroleum (b. p. 40—60°) in small colourless prisms, m. p. 105°, [ajp — 34-8° 
in chloroform (c = 1-59) (Found : OMe, 26-6. C,,H,.O,S requires OMe, 26-9%). 

Attempted Condensation of 3 : 4-Dimethyl Xylose with Acetone.—3 : 4-Dimethy] xylose (1-6 g.) 
was dissolved in acetone (40 c.c.) containing 1°5% of dry hydrogen chloride and the solution was 
observed polarimetrically. The rotation changed from an initial value of [a]p + 18-2° to a 
constant value of [a«]p) + 33-2° in 2} hours. The solution was then poured into a slight 
excess of potassium bicarbonate solution and the mixture was extracted with chloroform. 
The chloroform extract yielded a mobile syrup (0-6 g.), and unchanged dimethyl xylose (0-9 g.) 
was recovered from the water. The mobile syrup distilled easily, b. p. 98—105° (bath temp.) / 
0-15 mm., did not reduce Fehling’s solution, and showed nj}* 1-4520. The substance was not 
farther examined, but the physical constants suggest the possibility of its being a dimethyl 
anhydroxylose, since analysis showed that it contained no acetone (Found : OMe, 35-7. C,H,,0, 
requires OMe, 38-8%. CyH,,O, requires OMe, 28-4%). 

2:4-Dimethyl 8-Methylxyloside—-Methylxyloside (3 g.) was condensed with tripheny!- 
chloromethane (5-25 g.) as described by Helferich (loc. cit.). The resulting 3-trityl 6-methyl- 
xyloside was a syrup (7-0 g.), which was acetylated to give a diacetyl derivative (syrup, 8-0 g.), 
from which the trityl residue was removed, by treatment of a benzene solution with dry hydrogen 
chloride, to give 2 : 4-diacetyl B-methylxyloside (1-0 g.) as a yellow syrup (Found: OMe, 12-1; 
COMe, 36-5. C,)H,,O, requires OMe, 12-5; COMe, 34-7%). 

2: 4-Diacetyl 6-methylxyloside (1-2 g.) was converted into 2: 4-diacetyl 8-methylxyloside 
3-nitvate by treating a solution in chloroform with fuming nitric acid (Oldham, J., 1925, 127, 
2840). The product (1-3 g.) crystallised from alcohol as colourless needles, m. p. 120—121°, 
[a]p — 57-4° in chloroform (c = 1-843) (Found: OMe, 10-3. C,.H,,O,N requires OMe, 10-6%). 

The above crystalline compound was converted into 2 : 4-dimethyl B-methylxyloside by means 
of the following processes. 

(a) The deacetylation of 2 : 4-diacetyl 6-methylxyloside 3-nitrate proved to be extremely 
difficult, as the ordinary methods led to the simultaneous removal of the acetyl and nitrate 
groups, and modifications of Zemplén’s method (loc. cit.) led only to partial deacetylation. In the 
end recourse was had todimethylamine. A solution of the partially deacetylated material (3-4 g.) 
in 33% alcoholic dimethylamine (10 c.c.) was kept over-night at room temperature, the solvent 
evaporated, and the residue heated for 2 hours at 100° under diminished pressure to eliminate 
acetodimethylamide. The crude $-methylxyloside 3-nitrate (2-8 g.) was methylated with 
methyl iodide and silver oxide until the refractive index became constant. The product was 
dissolved in benzene and extracted with water to remove fully methylated material which might 
have been formed through partial loss of nitrate and subsequent methylation. The benzene 
solution after drying and evaporation gave crude 2 : 4-dimethyl B-methylxyloside 3-nitrate as a 
mobile syrup (2-4 g.), mj)’ 1-4545. Distillation in a high vacuum was not attempted, as de- 
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composition would inevitably have ensued (Found: OMe, 37-7. C,H,,;0,N requires OMe, 
39-2%). 

(b) 2: 4-Dimethyl @-methylxyloside 3-nitrate (2-2 g.) was dissolved in water containing just 
sufficient alcohol to give a homogeneous system, and freshly prepared 5% sodium amalgam 
(80 g.) was added in 10 g. portions during 34 hours. A few drops of acetic acid were added at 
intervals to prevent excessive alkalinity. The reaction mixture, which gave an almost negative 
test for nitrate with diphenylamine, was neutralised with acetic acid and, after the addition of an 
excess Of solid potassium carbonate, was extracted with chloroform. The dried chloroform 
extract was evaporated and yielded a dark coloured syrup (1-7 g.). In order to remove traces 
of unchanged material, the syrup was dissolved in benzene, and the solution exhaustively 
extracted with water; the aqueous extracts, after the addition of an excess of solid potassium 
carbonate, were extracted with chloroform and the chloroform extract was again evaporated 
to dryness to give a mobile syrup (1-45 g.). Distillation in a vacuum gave 1-3 g. of a colourless 
mobile syrup, b. p. 100—105° (bath temp.) /0-06 mm., }}° 1-4535, which crystallised readily 
from dry ether-light petroleum (b. p. 40—60°); after one recrystallisation 2: 4-dimethyl B- 
methylxyloside was obtained in long colourless needles, m. p. 60—61°, [a]) — 82-4° in chloroform 
(c = 1-377) (Found: OMe, 48-0. C,H,,O,; requires OMe, 48-4%). 

3-p-Toluenesulphonyl 2 : 4-dimethyl B-methylxyloside, prepared in the usual way, crystallised 
from light petroleum (b. p. 40—60°) in small colourless needles, m. p. 88°, [«]p — 58-9° in chloro- 
form (c = 1-0) (Found: OMe, 25-8. C,,;H,,0,S requires OMe, 26-9%). 

2 : 3-Dimethyl xylose was prepared from xylan, by the methods employed by Hampton, 
Haworth, and Hirst (/oc. cit.), as a syrup, nj} 1-4723, [a]p 4- 19°, changing to + 20-1° in chloro- 
form (c¢ = 1-40). It was converted into the corresponding $-methylxyloside by methods 
already described, and 2 : 3-dimethyl B-methylxyloside was obtained as a syrup, b. p. 90—95° 
(bath temp.) /0-03 mm., n}}" 1-4540, [«]) — 5-8° in chloroform (c = 2-20) (Found: OMe, 48-5. 
C,H,,O, requires OMe, 48-4%). 

4-p-Toluenesulphonyl 2: 3-dimethyl B-methylxyloside crystallised from light petroleum 
(b. p. 40—60°) in colourless needles, m. p. 56—59°, [«]) — 8-8° in chloroform (¢c = 2-50) (Found: 
OMe, 24-9. C,;H,,0,S requires OMe, 26-9%). 


The authors are indebted to The Carnegie Trust for the grant of a scholarship to one of them 
(T. H. S.), and to Principal Sir James C. Irvine for his constant interest and kindly criticism. 


THE UNIVERSITY, ST. ANDREWS. [Received, March 6th, 1934.] 





178. The Action of Chlorine on Isoprene. 
By W. J. Jones and H. G. WILLIAMs. 


WHILST much attention has been paid to the addition of halogens to conjugated systems, 
the action of chlorine on isoprene has not hitherto been investigated. The chlorination of 
butadiene in non-polar solvents, however, has been investigated by Muskat and Northrup 
(J. Amer. Chem. Soc., 1930, 52, 4043), who showed by ozonisation that in all cases the 
product was a mixture of the 1 : 2- and the 1 : 4-dichloride, b. p.’s 115° and 145°, respec- 
tively, together with the two stereoisomeric 1: 2:3: 4-tetrachlorobutanes; a similar 
result was obtained at — 75° in the absence of any solvent. Muskat and Huggins (cbid., 
1929, 51, 2496) found that the only dichloride produced by the chlorination of 1-phenyl- 
butadiene was the 3 : 4-compound, b. p. 125°/3 mm., as was demonstrated by ozonisation, 
the yield of dichloride depending both on the temperature, which was varied from — 80° 
to 150°, hydrogen chloride being lost at the higher temperatures, and on the extent of 
dilution, which decreased the amount of tetrachloride. 

The action of bromine on 2-methylbutadiene has been investigated by Tilden (J., 1884, 
45, 410), Mokiewsky (J. Russ. Phys. Chem. Soc., 1898, 30, 1885), Ipatiew (ibrd., 1901, 33, 
540), Blaise and Courtot (Bull. Soc. chim., 1906, 35, 989), Bergmann (J. Russ. Phys. Chem. 
Soc., 1920, 52, 24), Staudinger, Muntwyler, and Kupfer (Helv. Chim. Acta, 1922, 5, 756), 
and by Shephard and Johnson (J. Amer. Chem. Soc., 1932, 54, 4385). The first to assign 
the correct formula to isoprene dibromide was Bergmann, who proved that it had the 
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1: 4-structure by ozonolysis, which Staudinger and his co-workers confirmed by its 
oxidation with permanganate first to the glycol, m. p. 127°, and then to bromoacetic acid. 

The necessity of employing pure conjugated compounds in work on addition was first 
emphasised by Prévost (Ann. Chim., 1928, 10, 407). Accordingly, particular attention 
was paid to the purity of the hydrocarbon used in the present work. 

Waterman and van Westen (Rec. trav. chim., 1929, 48, 1084) have given a summary 
of the methods of purifying isoprene adopted by previous workers. Commencing with 
crude 2-methyl-A?-butene, they themselves synthesised an isoprene with a theoretical 
hydrogenation value. Farmer and Warren (J., 1931, 3221), using the Diels-Alder method 
as a test of chemical homogeneity, found that the purest isoprene was obtained by the 
catalytic dehydration with aniline hydrobromide of isoprene alcohol, derived from limonene. 
They found it necessary to wash the product at least twenty times with water, to remove 
traces of the alcohol, before constant physical values could be obtained, and they admitted 
that the method was long and laborious. A purified isoprene has been prepared by Whitby 
and Crozier (Canadian J. Res., 1932, 6, 212) by treatment of fractionated isoprene tetra- 
bromide with zinc dust in alcohol, but only the b. p. has been given and no other test of 
purity made. 

The method of preparation of pure isoprene from its sulphone, mentioned by Bassett 
and Williams (J., 1932, 2324), has been further elaborated, and is here described in detail. 
The method is simpler than that of Farmer and Warren, although still laborious, and gives 
a product of high purity. 

The combination of isoprene with gaseous sulphur dioxide was first mentioned by the 
Badische Anilin- und Soda-Fabrik A.-G. (German Pat., 236,386, 1910), the product being 
described as partially soluble in water, but the bulk as amorphous. The product was found 
to be decomposed by heat into sulphur dioxide and the original hydrocarbon. Bruin (Proc. 
K. Akad. Wetensch. Amsterdam, 1914, 17, 585), Ostromisslenski (J. Russ. Phys. Chem. Soc., 
1915, 47, 1983), Matthews and Strange (British Pats., 6897, 18.3.14; 5073—4, 1.4.15), 
and Eigenberger (J. pr. Chem., 1930, 127, 307) have further investigated the product. The 
last-named author obtained a 60% yield by treating isoprene for five hours with ether 
saturated with suiphur dioxide, the optimum temperature, 100°, being reached as rapidly 
as possible to avoid the setting-in of a colloidal separation. He found that the product, 
m. p. 63—63-5°, was best recrystallised from hot water; it decomposed at 120° to give 
isoprene and sulphur dioxide, the reaction being almost complete at 135°, and he proved it 
to be 2-methyl-A?-butene-1 : 4-sulphone. 

It was found by Bassett and Williams, though not published, that, when about 2 g. of 
crude isoprene were mixed with four times its weight of liquid sulphur dioxide in a well- 
stoppered vessel, a 75% yield of the sulphone was obtained after 1 day in ice and 5—6 days 
at the ordinary temperature. This method has now been carried out on a considerably 
larger scale, and it has the advantage over previous methods in that the yield is increased, 
while no amorphous compound and very little tar is obtained, even if crude isoprene, from 
rubber, of only 60—70% purity is used. The presence of increasing amounts of water or 
alcohol is found to give increasing yields of amorphous compound. Excepting that of 
Eigenberger, the other methods of preparing the sulphone gave considerable amounts of 
this contaminating product, while his suffers from the disadvantage of requiring either a 
sealed tube or an autoclave. In the present method the isoprene was regenerated by 
heating the recrystallised sulphone to 120—135°. Its homogeneity was confirmed by the 
maleic anhydride method of Farmer and Warren (loc. cit.). 

It was found that, when chlorine gas was passed into a solution of isoprene in carbon 
tetrachloride, a considerable amount of hydrogen chloride was evolved, and for that reason, 
in the present work, the pure isoprene (one mol.) was dissolved in carbon tetrachloride, 
and chlorine (one mol.) in the form of a solution in the same solvent was slowly added, the 
mixture being continuously stirred and well cooled. This appears to be the mildest possible 
means of adding chlorine at the temperature employed, because its concentration is main- 
tained so very low. On fractionation of the residue left after removal of the solvent, 
two main products were obtained, which have been shown to be 1-chloro-2-methylbuta- 
diene, CHCI;CMe-CH:CH,, b. p. 50-4°/100 mm., and 1 : 4-dichloro-2-methyl-A*-butene, 
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CH,Cl-CMe:CH:CH,Cl, b. p. 93°/50 mm. Indications of the presence of a lower-boiling 
dichloride, b. p. about 60°/50 mm., in small amount were also obtained. The structure of 
this compound has not yet been determined, but it appears to become purified on standing 
with free access of air, owing to removal of the monochloride by polymerisation and oxid- 
ation. Besides these substances, an undistillable residue was obtained. This seemed to 
consist of products of the polymerisation and decomposition of the monochloride, mixed 
with the dichloride, for the proportion of the undistillable residue increased when the 
products of chlorination were kept for any appreciable time before fractionation. In no 
case did the chlorine content of the liquid boiling higher than the dichloride exceed that of 
the dichloride, but decreased withincreaseinb. p. This fact further showed the absence 
of any higher chlorinated derivative in any appreciable quantity, when isoprene was 
chlorinated by the method described. 

The structure of the dichloride was determined by ozonolysis, both in chloroform and 
without solvent. No formaldehyde could be detected on decomposition of the ozonide 
with water, and on extraction with ether the only product which could be identified was 
monochloroacetone, thus proving that the dichloride was the 1:4. The absence of any 
appreciable amount of chloroacetaldehyde in the ethereal extract was found to be due to the 
formation of a water-soluble hydrate, 2CH,Cl-CHO,H,O (Natterer, Monatsh., 1882, 3, 459), 
although sufficient was obtained to give a fuchsin test. Titration of the decomposed 
ozonide in aqueous solution with potassium hydrogen sulphite solution disclosed the 
presence of the carbonyl group in almost quantitative yield corresponding to the formation 
of monochloroacetone and chloroacetaldehyde in equivalent proportion. The chloro- 
acetaldehyde was identified as chloroacetic acid by oxidation with neutral permanganate 
solution, and it was established by a control experiment that chloroacetone on oxidation 
under these conditions gave acetic acid, and no appreciable amount of chloroacetic acid. 
Acetic and chloroacetic acids were finally separately identified in a proportion showing 
that equivalent amounts had been formed, thus confirming the 1: 4-structure of the 
dichloride. 

A dichlorohydrin, corresponding to the dibromohydrin obtained by Bergmann (loc. cit.) 
and by Staudinger, Muntwyler, and Kupfer (loc. cit.), viz., 1 : 4-dichloro-2 : 3-dihydroxy- 
2-methylbutane, was prepared by the method of the latter workers, and had m. p. 106-5° 
(corr.). 

That the dichloride was a true addition product was shown by the fact that, on reduction 
with powdered zinc in alcohol (Thiele, Annalen, 1899, 308, 333), it gave isoprene in good 
yield, but in absence of diluent, a violent reaction occurred on warming the dichloride with 
zinc dust (compare Muskat and Huggins, Joc. cit.) and then no isoprene could be detected. 
This is another possible method of preparing pure isoprene, since the sulphone obtained from 
the product was found to give the correct m. p. without recrystallisation, although con- 
taminated with amorphous compound, for the alcohol which caused the formation of this 
compound could have been previously removed by washing with water. The stability of 
the dichloride was shown by the fact that the refractive index remained unaltered after 
this substance had been kept for two months in a loosely stoppered bottle. 

In the bromination of isoprene, Staudinger, Muntwyler, and Kupfer (loc. cit.) obtained 
no monobromide, although Bergmann (loc. cit.) had previously found one, which he con- 
sidered to be an allene derivative. The monochloride obtained in the present work, 
however, was found to be a conjugated compound, its structure being established by its com- 
bination with «-naphthaquinone and oxidation of the product with air in alkaline solution 
to the known 1-chloro-2-methylanthraquinone, m. p. 171° (Keimatsu and Hirano, J. Pharm. 
Soc. Japan, 1929, 49, 140) by the method of Carothers and Coffman (J. Amer. Chem. Soc., 
1932, 54, 4071). 

Since the isoprene here used had been purified by means of its sulphone, it was thought 
that the monochloride might possibly be capable of being similarly purified, and, accord- 
ingly, it was treated with liquid sulphur dioxide in excess under the same conditions. A 
white crystalline compound was obtained, m. p. 73° (corr.), which, when finely divided, 
provoked intense sneezing, and in solution caused irritation of the skin. This compound, 
on being heated, gave sulphur dioxide and the original monochloride, being so proved to be 
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1-chloro-2-methyl-A*-butene-1 : 4-sulphone, and its formation confirms the conjugated 
structure of the monochloride. 

Since it is well. known that, at low temperatures, chlorine adds on to unsaturated 
aliphatic compounds, and does not substitute, the monochloride most probably arises by 
loss of hydrogen chloride from an unstable, more highly chlorinated derivative. This 
might be the 1 : 2-addition product, an unsaturated tertiary chloride, a series which is 
known to have a tendency to isomerise or decompose. 


EXPERIMENTAL. 


The Preparation and Purification of Isoprene——The crude isoprene was prepared by the 
rapid distillation of rubber in 500 g. lots, as described by Bassett and Williams (/oc. cit.). The 
fraction, b. p. 30—45°, was poured into a bottle with a well-fitting vaselined stopper, immersed 
in ice-salt, and 3—4 times its weight of liquid sulphur dioxide was added. The whole was left 
in ice for 24 hours and then at room temperature for 5 days. No separation of crystals occurred, 
but, when only a slight excess of sulphur dioxide was used, the sulphone crystallised from the 
sulphur dioxide as very large rhombic plates. The sulphur dioxide was then allowed to evaporate 
and was finally completely removed at 50° under reduced pressure, together with the impurities 
and unchanged isoprene. The crude sulphone remaining was twice recrystallised from hot water 
(the solubility being about 50 g./100 c.c.), filtered off, and washed with cold water. The wash- 
ings were added to the mother-liquor, which was concentrated to give further crops of crystals, 
the final crops being again recrystallised. It was found advantageous to allow part of the 
sulphone to separate below the hot aqueous solution as an oil, since this absorbed, and so removed, 
the tar. On cooling, crystals formed in the aqueous layer, and these were separated for recrystal- 
lisation. They formed colourless and needle-shaped rhombic plates, m. p. 63-5° (corr.), and 
were first dried in the air and then in a vacuum over calcium chloride. By this means four 
distillations of rubber (2000 g.) gave about 220 g. of the pure sulphone. This was decomposed 
by heating to 120—135°, the isoprene and sulphur dioxide being immediately bubbled through 
almost saturated aqueous sodium hydroxide kept at about 70°, and the isoprene collected in a 
flask cooled in ice-salt. The product, which smelt slightly of sulphur dioxide, was washed four 
times with almost saturated sodium hydroxide solution and finally with water till neutral to 
phenolphthalein. It was dried over calcium chloride and twice distilled from sodium wire. Only 
a trace of residue was left after distillation, the b. p. range never exceeding 1°. The yield of 
pure isoprene after this treatment was 80—90%, calculated on the sulphone. The liquid had a 
pleasant ethereal odour, different from the rather fish-like smell of isoprene that has been 
merely fractionated. The isoprene used in the determinations of the physical properties had 
several additional washings with water and one more distillation, the first and the last portion 
being rejected. It was found to be chemically homogeneous by the method of combination with 
pure maleic anhydride in pure, dry, sulphur-free benzene, the procedure followed being exactly 
as described by Farmer and Warren (/oc. cit.), the product having an unchanged m. p. of 63-5— 
64° (corr.). 

A sample of isoprene thus purified (120 g.) boiled completely between 33-9° and 34-3° on being 
heated cautiously with a micro-burner. The refractive index was determined by means of a 
water-jacketed standardised Pulfrich refractometer, and the density was determined in a 10 c.c. 
Hartley pyknometer and corrected for buoyancy, the measurements being carried out on the 
freshly distilled liquid. The results obtained and those of previous workers are summarised in 
the following table : 

Exalt- 
B. p. ad; . ne. np . ny. ([Rz)p. ation. 
Waterman 
Westen 34°5—35°0°/762 mm. 0°6806 1°4154 1°4194 1°4301 25°29 0°93 
Farmer and Warren ... 33°9—35°3°/750 mm. 0°6806 1°4165 1°4207 14315 25°34 0°98 
Whitby and Crozier 33°4—33-9°/744 mm. — —— = — = — 
Present work 33°9—34°3°/760 mm. 0°6806 1°4176 1°4214 1°4328 25°38 1:02 


When allowance is made for the difference in pressure, the b. p. of the present product is slightly 
lower than those recorded by the previous workers. 

Chlorination of the Isoprene.—Carbon tetrachloride was shaken with almost saturated sodium 
hydroxide solution, washed with water, dried over calcium chloride and then over phosphoric 
oxide, and distilled, the middle fraction only being retained. Chlorine, prepared by the action 
of concentrated hydrochloric acid on permanganate, was passed through water, through con- 
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centrated sulphuric acid, and finally into 1001 g. of the carbon tetrachloride cooled in ice (1 g. 
of the solvent was lost during the solution of the gas under the conditions obtaining); 130 g. of 
chlorine could thus be dissolved in 1000 g. of carbon tetrachloride. Toa weighed amount of 
isoprene (about 100 g.), purified as described above, together with some carbon tetrachloride, 
mechanically stirred and cooled in ice—salt, the calculated amount of chlorine solution was added 
during about 4 hours, hydrogen chloride being evolved. The bulk of the carbon tetrachloride was 
then removed at 48°/300 mm., and the product repeatedly fractionated under reduced pressure 
in an all-glass Pyrex flask and column, the latter being filled with rings and fitted with a small 
dropping-funnel whereby successive fractions could be added without affecting the pressure. 
Considerable loss of material, especially of the monochloride, was sustained during the fraction- 
ation, which was inevitably long and laborious. For general purposes, the mono- and di- 
chlorides were finally collected over a 1° range. 

Analysis of the crude product by the method of Young and Fortey (J., 1902, 81, 752), allowance 
being made for losses, and on the assumption that the monochloride had been formed by the 
decomposition of a dichloride, showed that the yield of monochloride was 38%, that of the 
lower-boiling dichloride 6%, and that of the Rayer Seng dichloride 45%, the remaining 11% 
being undistillable residue. 

The Structure of the Monochloride.—From 100 g. of isoprene, about 8 g. of monochloride 
distilling over a 1° range were obtained. This monochloride (6 g.) was heated with 3-5 g. of 
a-naphthaquinone at about 80° for 4 hours in nitrogen. The bluish product obtained on cooling 
was washed with absolute methyl alcohol several times and crystallised from aqueous acetone, 
giving yellow needles, m. p. 141—143°. Recrystallised several times from aqueous acetone and 
finally from pure acetone, these became very pale yellow and had m. p. 146° (corr.), mixed m. p. 
with a-naphthaquinone 91—97°. The m. p. was unaltered by further recrystallisation from 
alcohol (charcoal), but the 1-chloro-2-methyl-1 : 4 : 4a : 9a-tetrahydroanthraquinone then formed 
white needles (Found: C, 69-2; H, 4:9; Cl, 13-6. C,;H,,0,Cl requires C, 69-1; H, 5-0; Cl, 
13-6%). It was oxidised by air in alcoholic sodium hydroxide (Carothers and Coffman, Joc. cit.) ; 
the product on recrystallisation, first from glacial acetic acid and then from alcohol, had m. p. 
171—172° (corr.), identical with that of the preparation of Keimatsu and Hirano (loc. cit.). 

Isoprene Monochloride Sulphone.—When the monochloride was treated with excess of liquid 
sulphur dioxide under the same conditions as described in the case of isoprene, there resulted a 
dark tarry solid. This, fractionally crystallised from ether, gave fine white crystals, m. p. 73° 
(corr.). It is, however, best crystallised from water, which effectively separates the tar, and it 
forms rhombic plates; the sulphone decomposes in boiling aqueous solution, giving a tar, as 
the corresponding isoprene derivative does (Eigenberger, Joc. cit.), and therefore the solution was 
concentrated by evaporation under reduced pressure. When an ethereal solution was treated 
with alcohol, a colloidal solution resulted which remained uncoagulated when boiled. The 
1-chloro-2-methyl-A*-butene-1 : 4-sulphone (Found: C, 35-8; H, 42; Cl, 21-4; S, 19-2. 
C;H,O,CIS requires C, 36-0; H, 4:2; Cl, 21-3; S, 19-2%) was easily soluble in the common 
organic solvents, but only slightly in the paraffins. The solubility was about 7-2 g. per 100 c.c. 
of water at 75° and 2-4 g. at 15°. The pure sulphone gave a colourless solution in cold concen- 
trated sulphuric acid. It decomposed at 125°, evolving sulphur dioxide. 

Purification of the Monochloride—The sulphone (17-8 g.) was heated under a pressure of 
100 mm., since, in this case, the decomposition products could not be scrubbed with sodium 
hydroxide solution. The temperature rose to 140° and 8-4 g. (77% yield) of distillate were 
collected. This was washed with sodium hydroxide solution and with water, dried over calcium 
chloride, and distilled; the resulting colourless 1-chloro-2-methylbutadiene (Found: C, 58-4; 
H, 7-0; Cl, 34-6. C,;H,Cl requires C, 58-5; H, 6-9; Cl, 34-6%) had a pleasant smell like that of 
isoprene, and a constant b. p. of 50-4°/100 mm. The middle fraction was used for the determin- 
ation of its physical constants, d%° 0-9710, n° 1-4792, [Rz]p 29-95 (calc., 29-22), b. p. 107°/760 
mm. (with slight polymerisation). The monochloride dissolved to a dark brown solution in 
cold concentrated sulphuric acid. When 4-1 g. of this monochloride were treated with liquid 
sulphur dioxide as before, there resulted 6-25 g. (94% yield) of white solid, m. p. 1° (corr.), 
containing no tar, which must therefore have previously been caused by the impurities in the 
crude monochloride. On recrystallisation of the solid from hot water, there was left a small 
amount of insoluble amorphous substance. The identity of the regenerated liquid with the 
original monochloride was then confirmed by a mixed m. p. of its recrystallised sulphone with 
the original sulphone, i.e., 73° (corr.). Thus, isoprene and its monochloride can be preserved in 
a form from which they can easily be regenerated, a convenience not afforded by the other 
methods of purification. 
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Polymerisation of the Monochloride—A sample (0-2 g.) of the monochloride, purified by 
fractionation only, after being kept in a sealed tube with merely a trace of air for 70 days, had 
not acquired colour but had suffered increase in viscosity, and in refractive index from nj" 1-4742 
to 1-4810, so indicating that polymerisation had occurred. Another sample of the same liquid 
kept in a loosely stoppered bottle, however, gave a considerably more rapid rise in refractive 
index, nj after 14 days 1-4820 and after 70 days 1-5063, thus showing that oxygen was accelerat- 
ing the polymerisation and forming oxidation products. It had also increased considerably 
in viscosity, and become yellowish-brown. Analysis showed the presence of oxygen [Found : 
C, 55-8; H, 6-6; Cl, 33-1; O (by diff.), 445%]. After 6 months it gave a black sticky solid of 
almost the same composition, showing that little, if amy, more oxygen had been absorbed 
{Found : C, 56-2; H, 6-6; Cl, 32-1; O (by diff.), 5-1. This is approximately of the composition 
[(Cs5H,Cl),0],, which requires C, 55-6; H, 6-5; Cl, 32-9; O, 5-0%}. It has been shown by Whitby 
and Gallay (Canadian J. Res., 1932, 6, 280) that the ability of a conjugated diene to form a 
synthetic rubber depends on the presence of at least three terminal hydrogen atoms, a condition 
which is fulfilled by this new monochloride, whose rate of polymerisation is comparable with 
that of isoprene. 

The Structure of the Higher-boiling Dichloride——About 38 g. of this compound, boiling over 
a 1° range, were obtained from 100 g. of isoprene. 

Chloroform was shaken several times with water, allowed to stand with concentrated sul- 
phuric acid, separated, kept over ignited sodium carbonate, and finally distilled from phosphoric 
oxide, the middle fraction only being collected for use. The dichloride (23-5 g.) was dissolved 
in 50 g. of this chloroform and subjected to the action of 0-33% (by vol.) ozonised oxygen for 
18 hours at 0°. The chloroform was then removed under reduced pressure, and the viscous 
oily ozonide treated with water and warmed to 75—80°. No formaldehyde could be detected 
and no volatile products were evolved, thus indicating that the dichloride was probably the 1 : 4. 
When an aliquot part of a sufficiently dilute solution of the product of the hydrolysis of the 
ozonide was treated with excess of standard potassium hydrogen sulphite solution and back- 
titrated with standard iodine, the presence of the carbonyl group in 99% yield was ascertained. 
The presence of the CH,*CO*C? group in solution was shown by testing with iodine and dilute 
alkali, iodoform being formed and identified by the addition of pyridine, when a red colour 
developed in the pyridine layer above the alkaline iodoform. Repeated extraction of the 
original aqueous solution from the ozonide with ether and distillation of the dried ethereal layer 
gave a trace of liquid boiling at 85—86° (b. p. of chloroacetaldehyde), which responded to the 
fuchsin test for aldehydes, and an irritating liquid, b. p. 116—121° (monochloroacetone, b. p. 
118—119°). When the latter was treated with a dilute solution of benzenediazonium chloride 
and sodium acetate in excess at 0° for 24 hours, it gavea tarry solid, which, on being filtered off, 
washed with water, and repeatedly crystallised from alcohol, gave a solid, m. p. 135—136°, and 
the same mixed m. p. with a sample of the phenylhydrazone of pyruvyl chloride (Favrel, Buil. 
Soc. chim., 1927, 41, 1494) prepared in the same way from authentic monochloroacetone, thus 
showing that the dichloride was the 1 : 4-addition product. 

This was confirmed by oxidation of the product of hydrolysis of the ozonide with permangan- 
ate. Since no record could be found in the literature of the action of permanganate on mono- 
chloroacetone, 100 g. of this ketone were dissolved in 100 c.c. of water and treated with 228 g. of 
potassium permanganate, added in small portions with shaking. The manganese oxides were 
filtered off, and the filtrate was decolorised with sulphur dioxide, and repeatedly extracted with 
ether. On distillation of the dried ethereal extract, the only product which could be identified 
was acetic acid, by its smell, b. p., and by the m. p. and mixed m. p. of its anilide, 114°. 
Again, when 12 g. (0-2 mole) of acetic acid and 18-9 g. (0-2 mole) of chloroacetic acid were 
dissolved in 50 c.c. of water and the solution was extracted once with an equal volume of 
ether, there were recovered from the dried extract 5-7 g. of acetic acid and 11-8 g. of chloroacetic 
acid. This gives the proportion in which the acids are extracted from a solution containing 
equivalents. 

The dichloride (25 g.) was ozonised in absence of solvent, the ozonide decomposed with warm 
water, and an excess of solid potassium permanganate added in small amounts with agitation. The 
manganese oxides were filtered off, and the filtrate was extracted with ether. The product after 
removal of the ether weighed 13-8 g. On distillation, this gave 4-0 g. up to 152°, 7-8 g. from 
152° to 190°, and 1-5 g. of an undistillable residue, the first two fractions being in the expected 
proportion. Redistillation of the lower gave acetic acid, identified as before; the higher on 
redistillation gave a distillate, b. p. 184—186°, which solidified on cooling, m. p. 57—60° and 
mixed m. p. 59—61° with pure chloroacetic acid (62°). This was confirmed by converting the 
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acid by means of phosphoric oxide (Cech, Ber., 1877, 10, 1376) into its anilide, m. p. and mixed 
m. p. 134° after crystallisation from hot water and then from alcohol-ether. 

1 : 4-Dichloro-2-methyl-A?-butene (Found: C, 43-0; H, 5-8; Cl, 51-1. C;H,Cl, requires 
C, 43-2; H, 5-8; Cl, 510%), b. p. 93°/50 mm. and 56°/10 mm., uf" 1-4932, d%” 1-1526 (both 
determined with a constant-boiling middle fraction), [Rz]p 35-05 (calc., 34-56), is a colourless 
sharp-smelling liquid, with lachrymatory properties; it gives a yellowish-brown solution in cold 
concentrated sulphuric acid. 

The liquid; obtained in the chlorination of isoprene, boiling higher than 1 : 4-dichloro- 
2-methyl-A?-butene gave the following results on analysis: b. p. 104°/50 mm., Cl, 49-8; b. p. 
107° /50 mm. (last drops of distillate), Cl, 47-9; residue, Cl, 39-7, 40-0%. 

Preparation of the Dichlorohydrin.—The 1 : 4-dichloride (19 g.) was oxidised with potassium 
permanganate (14 g.) and water (2-5 c.c.) in pure acetone at — 5° by Staudinger’s method 
(loc. cit.). On removal of the acetone, after filtration of the manganese oxides, and distillation, 
4-8 g. of unreacted dichloride were recovered (nj 1-4920), leaving a residue (6-6 g.), which on 
recrystallisation from ether gave colourless needles, m. p. 106-5° (corr.), of 1: 4-dichloro- 
2 : 3-dihydroxy-2-methylbutane (Found: C, 34:8; H, 5-8; Cl, 41-0. C;H40,Ci, requires C, 
34:7; H, 5-8; Cl, 41:0%). Treatment of the manganese oxides with water and sulphur dioxide, 
and extraction with ether, as advised by Staudinger for the dibromohydrin, gave only a very 
small additional amount of the impure product. The pure crystals gave a colourless solution 
in concentrated sulphuric acid. 

Treatment of the Dichloride with Zinc.—When 15 g. of the dichloride and 30 g. of zinc dust 
were gently warmed, a violent reaction ensued, the dichloride decomposed with blackening, and 
hydrogen chloride was copiously evolved. No isoprene could be detected in the product. 

A solution of the dichloride (22 g.) in alcohol (50 c.c.) was run dropwise on to 45 g. of zinc 
dust in 100 c.c. of nearly boiling alcohol. The product was distilled, the distillate being collected 
up to 78° and condensed inice-salt. On fractionation, the initial b. p. was 33-9°/760 mm., that 
of pure isoprene. The distillate so collected up to 40° weighed 8-3 g., a yield of 77%. On 
treatment of 7-5 g. of this with liquid sulphur dioxide, there resulted 11-8 g. of white sulphone, 
which, owing to the alcohol, contained some insoluble amorphous product. The sulphone, 
m. p. 63-5°, remained unchanged on recrystallisation from water, and gave a mixed m. p. of 
63-5° with authentic isoprene sulphone. 


TATEM LABORATORIES, UNIVERSITY COLLEGE, CARDIFF. (Received, March 10th, 1934.| 





179. The Replacement of ‘Obstacle’? Groups in Optically Active 
Diphenyls. 


By FRANK BELL. 


A DIPHENYL derivative of type (I) is optically active because the group A acts as an obstacle 
to the free rotation of the nucleus containing Band C. It appeared of intcrest to determine 
whether activity would be preserved when the group A was completely replaced by some 
other group D. Suitable reactions are the replacement of the amino-group by hydroxyl 
or halogen by diazotisation and of carboxyl by the amino-group by the reactions of Hofmann 
and Curtius. It has not yet proved possible to prepare an amine of this simple type. 
6-Nitrodiphenic acid on reduction gave a product which did not possess the properties 
of a simple amino-acid, and the Ullmann reaction, which appeared to 

A B offer a simple route, did not lead to the isolation of the desired com- 
pounds when applied to 2-iodonitrobenzene with either 2-iodo-m- 

toluidine or 2-iodo-m-acetotoluidide or to 2-iodo-3-nitrotoluene with 

(I.) 2-bromoaceto-f-toluidide, or 2-iodoacetanilide or 1-iodonaphthalene. 

6 : 6’-Diamino-2 : 2’-ditolyl was therefore used. The d-base after 
diazotisation is readily converted by the action of potassium iodide into 6 : 6’-di-iodo- 
2 : 2’-ditolyl, which shows a strong dextrorotation. Consequently the activity must be 
preserved at every stage of the reaction. This may happen through the rate of intro- 
duction of the iodo-groups being high compared with the rate of racemisation of the 2 : 2’- 
dimethyl compound (especially if the 6 : 6’ carbon atoms are left in a charged condition) 
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or through the elimination of the diazo-nitrogen and the introduction of the iodo-group 
being coupled reactions, so that, in effect, the 6: 6’-positions are never left free from 
substituents. However, since the mechanism of this reaction is by no means clear, the 
l-base was converted into the solid diazoborofluoride (Balz and Schiemann, Ber., 1927, 
60, 1186). The conversion of a dried diazoborofluoride into the corresponding fluoride 
by heating would seem necessarily to involve the production of a free radical or ion (II) : 


+ 
R-N,BF, —> R + N, + BF, + F’ —> RF (IL) 
On decomposing the borofluoride a product of slight activity was obtained, but the result 
was not regarded as unambiguous. 
Attempts to convert optically active 6 : 6’-dimethyldiphenic acid into 6 : 6’-diamino- 
ditolyl by means of the Hofmann or Curtius reaction were unsuccessful. 
Next, optically active 6-nitro-2-methyldiphenyl-2’-carboxylic acid (III) was converted 
into the corresponding amine by both the Hofmann and the Curtius reaction. The amine 


NO, NO, 


(III.) 
COL OL. ©. 
Me 2H e @ 


was in each case active. Whilst this work was in progress, Wallis and Moyer (J. Amer. 
Chem. Soc., 1933, 55, 2598) described the preparation of optically active 3 : 4-dinitro-2-«- 
naphthylaniline from 3 : 4-dinitro-2-«-naphthylbenzoic acid by means of the Hofmann 
reaction. They have discussed the significance of this observation. 

Since (III) is so stable optically, it was hoped to simplify the reaction still further by 
employing optically active 2-nitrodiphenyl-2'-carboxylic acid. This acid, however, furnished 
uniform alkaloidal salts. 

EXPERIMENTAL. 

6 : 6'-Di-iodo-2 : 2'-ditolyl._—d-6 : 6’-Diamino-2 : 2’-ditolyl (6-7 g.) (Meisenheimer and Horing, 
Ber., 1927, 60, 1425) was converted into the di-iodo-compound by the method of Angeletti 
(Gazzetta, 1933, 63, 145). The product (1-4 g.) had [«]p + 19° in chloroform (c = 5-8; / = 2) 
and formed needles, m. p. 84°, [a]p + 24° in chloroform (c = 1-35; / = 2), after recrystallisation 
from alcohol. 

6 : 6’-Difluoro-2 : 2'-ditolyl_—_i-6 : 6’-Diamino-2 : 2’-ditolyl (10 g.), dissolved in hydrochloric 
acid (40 c.c.) and water (100 c.c.), was diazotised with sodium nitrite (7-7 g. in 15 c.c. of water), 
the filtered solution added to a solution of borofluoric acid (from 12 g. of boric acid and 30 c.c. 
of 40% hydrofluoric acid), the precipitated diazoborofluoride washed with hydrofluoric acid, 
alcohol, and ether, dried (14 g.), and decomposed by being introduced slowly into a flask heated 
on a steam-bath. The product that distilled in steam was a colourless oil of characteristic 
odour, which rapidly solidified. 1-8 G. of this solid in 15 c.c. of chloroform showed ap — 0-14° 
(1 = 2); the activity persisted unchanged for 2 days. The solid was recrystallised from methyl 
alcohol and gave 6 : 6’-difluoro-2 : 2’-ditolyl as stout prisms, m. p. 45° (Found: C, 76-8; H, 
5-5. C,,H,.F, requires C, 77-1; H, 5-5%); the product still showed slight levorotation. 

6 : 6'-Dimethyldiphenic Acid.—The following route provides an alternative to that of 


1 2 3 
Meyer (Ber., 1911, 44, 2203) : m-Xylene > 2-nitro-m-xylene -~> 2-nitro-m-toluic acid 1 8 


2-amino-m-toluic acid b.. & 2-iodo-m-toluic acid a methyl 2-iodo-m-toluate b. 6 : 6’-di- 
methyldiphenic acid. Stages 4—6, which do not appear to have been previously described, 
were carried out by the usual methods, viz., the Sandmeyer reaction, methyl-alcoholic hydrogen 
chloride, and heating with copper bronze, respectively. The yields were 70% in stage 4 and 
84% in stage 5. 

In stage 6, copper bronze (22 g.) was added slowly to methyl] 2-iodo-m-toluate (30 g.), heated 
so that the temperature did not exceed 270°. The product was extracted in acetone, recovered, 
and boiled with 3N-sodium hydroxide until solution occurred (about 3 hours). It was then 
filtered into hydrochloric acid, 13-2 g. of precipitate (m. p. ca. 220°) being obtained. This 
product was best purified by extraction of impurities with hot benzene. 6: 6’-Dimethyl- 
diphenic acid was obtained as a white powder, m. p. 231—233°, which crystallised from aqueous 
alcohol in iridescent plates (Meyer states that the yield is very poor and the acid melts at 230° 
with previous sintering). 





“ Obstacle’”’ Groups in Optically Active Diphenyls. 837 


Resolution.—The quinidine salt was not obtained crystalline and the brucine salt gave no 
indication of separation, but both the quinine and the morphine salt proved suitable, the latter 
appearing the better of the two. Morphine (5-6 g.) was added to 6 : 6’-dimethyldiphenic acid 
(5-0 g.) in alcohol (75 c.c.). On cooling, 4-8 g. of salt, m. p. 196°, [a]544, — 65-5° in acetic acid 
(c = 2), were obtained and the properties were little altered after thorough extraction with 
alcohol, [«]54¢, changing only to 64-7° (c = 2 in acetic acid). On decomposition this salt gave 
the d-acid, [a]p + 15° in methyl alcohol (c = 2). The alcoholic mother-liquor would not give 
a further crop of the morphine salt and therefore the whole was decomposed. The / + di acid 
so obtained had [a], — 11-5° in methyl alcohol (c = 2). 

Curtius Reaction.—The / + di acid when treated by the process outlined below gave a 
benzene layer which showed levorotation, but on removal of the benzene the residual product 
proved to be insoluble in hydrochloric acid. It was not examined further. 

Hofmann Reaction.—The d-acid amide dissolved rapidly in the aqueous hypobromite (details 
as below). The filtrate was acidified with hydrochloric acid, and the resultant precipitate 
dissolved in aqueous ammonia and reprecipitated by hydrochloric acid. The product after 
boiling with benzene formed a brown powder, m. p. 257° (decomp.), [x]p — 33° in methyl 
alcohol (c = 2) (Found: C, 71-1; H, 5-2; N, 102%). No 6: 6’-diamino-2 : 2’-ditolyl was 
isolated. 

Experiments with 6-Nitro-2-methyldiphenyl-2'-carboxylic Acid.—This acid was resolved by 
Stoughton and Adams (J. Amer. Chem. Soc., 1930, 52, 5264) by crystallisation of the brucine 
salt from a very large volume of water, but the following method is advantageously employed. 
Quinidine (28 g.) in hot alcohol (240 c.c.) was added to a boiling solution of the acid (20 g.) in 
alcohol (160 c.c.). The less soluble quinidine salt was deposited immediately and on extraction 
with boiling alcohol soon attained constant rotatory power, [a]p + 212° in acetic acid (c = 1). 
No further crop could be obtained from the alcoholic mother-liquor and therefore the acid was 
recovered ([a]p — 55° in methyl alcohol, c = 1) and converted into the brucine salt in acetone 
solution. This was extracted with hot acetone until of constant rotatory power. The quinidine 
salt on decomposition gave the d-acid, [«]) + 69°, and the brucine salt gave the /-acid, 
[alp — 69° (c = 1 in methyl alcohol). 

Hofmann Reaction with the d-Acid.—The acid was evaporated with thionyl chloride, and the 
residue dissolved in benzene and shaken with aqueous ammonia (d 0-88). 2G. of the resultant 
amide were added to 25 c.c. of sodium hypobromite solution (prepared from sodium hydroxide 
7 g., water 50 c.c., and bromine 1 c.c.), and the mixture gently warmed on the steam-bath. 
The product was extracted with benzene, the benzene evaporated, and the amine extracted 
from the residual oil by warm dilute hydrochloric acid. After decoloration with norit, this 
extract was filtered into a 1 dm. polarimeter tube and proved to be dextrorotatory, «p + 0-79°. 

Curtius Reaction with the |-Acid.—2-5 G. were evaporated with thionyl chloride, and the 
residue was taken up in benzene and boiled for 5 hours after addition of sodium azide (1-5 g.). 
Sodium hydroxide (7 c.c. of 3N) was then added, and the heating continued for a further 2 hours. 
A small amount of solid material A (0-6 g.) was filtered off, the benzene layer separated and 
evaporated, and the amine extracted from resinous matter (0-8 g.) by means of dilute hydro- 
chloric acid. The hydrochloric acid extract was shaken with norit and filtered into a 1 dm. 
polarimeter tube and proved to be levorotatory, a» — 3-37°. The base was precipitated with 
aqueous ammonia and extracted with benzene, and the benzene evaporated. The viscous 
residue solidified after some weeks and was then readily purified by precipitation from hydro- 
chloric acid by aqueous ammonia or from benzene by petroleum. 6-Nitro-2'-amino-2-methy!- 
diphenyl formed a yellow powder, m. p. 50—53°, [a]p — 48° in 6N-hydrochloric acid (c = 5-8; 
1 = 0-5) (Found: C, 68-1; H, 5-2. (C,,;H,,O,N, requires C, 68-4; H, 5-3%). The base was 
acetylated with acetic anhydride containing a drop of sulphuric acid. 6-Nitro-2'-acetamido- 
2-methyldiphenyl crystallised from methyl] alcohol in rosettes, m. p. 93—95° (Found: N, 10-4. 
C,;H,,0,N, requires N, 10-4%). The product was slightly dextrorotatory, «p + 0-10° (c = 2-9 
in methyl alcohol; / = 1). 

The solid A (above) was insoluble in aqueous ammonia or hydrochloric acid, and sparingly 
soluble in ethyl alcohol, but crystallised from acetic acid in prisms, m. p. 210° (Found: N, 
11-3%), a» — 0-57° in chloroform (¢c = 2; / = 1). 

The experiment was repeated with the d-acid with strictly comparable results at each stage. 

Reduction of 6-Nitrodiphenic Acid.—Schmidt and Kampf’s method (Ber., 1903, 36, 3738) 
was followed. The product was insoluble in the usual solvents, although easily soluble in dilute 
aqueous ammonia. The properties, but not the analytical data, favour a lactam structure 
(Found: C, 65-6, 65-6; H, 3-6, 3-6. C,,H,,O,N requires C, 65-4; H, 43%. C,,H,sO,N 
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requires C, 70-4; H, 3-7%). In view of previously reported analytical difficulties with lactams 
(Kenner and Stubbings, J., 1921, 119, 593) a different sample was submitted to Dr. A. Schoeller, 
who found C, 65-2; H, 36%. By solution in aqueous sodium hydroxide and back-titration 
with hydrochloric acid the equivalent was found to be 127, 129 (phenolphthalein), 243, 243 
(methyl-red), and 262, 265 (incipient precipitation). 

The reduction was repeated with d-6-nitrodiphenic acid, a blank experiment showing that 
hot hydrochloric acid has little racemising action on the nitro-acid. The products were filtered 
off, dissolved in aqueous ammonia, and filtered into polarimeter tubes. (A) Nitro-acid with 
hydrochloric acid only, a» — 22-1°. (B) Nitro-acid with hydrochloric acid and tin, «p 0-0°. 

An attempt was made to characterise the reduction product by suitable derivatives. No 
definite product could be isolated after interaction with p-toluenesulphonyl chloride in alkaline 
solution; with hot acetic anhydride and subsequent decomposition with water, prisms, m. p. 
251° (decomp.), were obtained [Found : C, 64:2; H, 3-8. Schoeller with a new sample found 
C, 64-0; H, 3-8. C,,H,,0;N (6-acetamidodiphenic acid) requires C, 64:2; H, 43%]. 

2'-Nitrodiphenyl-2-carboxylic Acid.—A mixture of methyl 2-iodobenzoate (30 g.) and 2- 
iodonitrobenzene (30 g.), heated in an oil-bath at 230°, was treated gradually with copper bronze 
(30 g.) so that the temperature did not exceed 270°. The product was extracted in acetone, 
recovered, and boiled for 3 hours with 3N-sodium hydroxide. After dilution the solution was 
filtered from 2 : 2’-dinitrodiphenyl and poured into hydrochloric acid. The gummy precipitate 
was dissolved in aqueous ammonia and reprecipitated. Recrystallised from chloroform, 
2'-nitrodiphenyl-2-carboxylic acid formed almost colourless needles, m. p. 168° (Found : equiv., 
243. C,,;H,O,N requires equiv., 243). 

The acid gave morphineand quinine salts which were not obtained crystalline. The quinidine 
salt, m. p. 196—198°, [«]p) + 136° in chloroform (c = 1), showed no change in crystalline form 
(rosettes of needles) or rotatory power when recrystallised from alcohol. The brucine salt 
crystallised from acetone in nodules, m. p. 218° (decomp.), and three successive crops gave 
[a]» — 25-9°, — 20-4°, — 20-7° (c = 1 in chloroform). No mutarotation was observed during 
4 days and no significance is attached to these slight differences. The strychnine salt was a 
sparingly soluble substance which crystallised from alcohol in needles, m. p. 216°. It gave 
[«] — 25° (c = 1 in chloroform), unchanged after recrystallisation from acetone. 


The author is indebted to Mr. L. E. Bolwell, B.Sc., for assistance in the experimental work. 
BATTERSEA POLYTECHNIC, LONDON, S.W. 11. [Received, March 10th, 1934.] 





180. The Decomposition of the Nitrites of Some Primary 
Aliphatic Amines. 


By DonaLp W. ADAMSON and J. KENNER. 


It has been shown (Jones and Kenner, J., 1933, 363) that the catalytic decomposition 
of nitroso-B-alkylamino-ketones by alkali results in the transient formation of aliphatic 
diazo-compounds, and that the subsequent decomposition of the one derived from 
propylamine yields propylene, m- and iso-propyl alcohols. In explanation, it was assumed 
that the aliphatic, like the aromatic, diazo-compounds RN,°OH exist in equilibrium with the 
corresponding diazonium hydroxides, 


H* e 
R-N:N-OH —— RN, 
OH’ 


and that decomposition of these gives rise to the products in question. For these products 
are respectively representative of the three types of change which have been recognised 
to result from the presence of an anionoid centre in saturated aliphatic compounds : 

(a) formation of olefins, e.g., from oxonium, ammonium, etc., hydroxides and salts 
and from alkyl halides ; 

(b) direct replacement of the anionoid group, e.g., by hydroxyl or alkoxy]; 

(c) the Wagner—Meerwein change. 

Since, so far as we are aware, their conjunction, as in the above reactions, is unique, 
it appeared that a systematic study of the decomposition of aliphatic diazonium ions 
might assist in clearing up the inter-relationships, hitherto somewhat obscure, of the three 
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types. This study is facilitated by the evidence adduced by Jones and Kenner (loc. cit.) 
that the aliphatic diazo-compounds also result from decomposition of the nitrites of 
aliphatic amines. 

In regard to the mechanism of this reaction, Euler observed that methylamine nitrite 
is stable in 0-05N-solution at 40° (Annalen, 1904, 330, 280); Taylor (J., 1928, 1099), 
confirming this, also showed that, whilst 0-05N-methylamine + 0-1N-nitrous acid react 
fairly rapidly at 25°, 0-05N-nitrous acid + 0-05N-sulphuric acid do not cause decomposition 
at 25°, though a very slow reaction occurs at 40° (Euler, Joc. cit.). Taylor’s measurements 
indicated that the velocity of decomposition of the base was proportional to 
[MeNH,'][NO,’][HNO,], and a similar result was obtained with dimethylamine (Taylor 
and Price, J., 1929, 2052). The familiar doctrine that diazotisation involves the salt of 
an amine rather than the free base is in line with this, but appears highly improbable in 
view of the lack of co-ordinating power of ammonium ions, and in the light of our knowledge 
of the behaviour of carbonyl and nitroso-compounds with amines. Since, however, these 
reactions are assisted by protons (compare, e.g., Conant and Bartlett, Ind. Eng. Chem., 
1932, 24, 467) and [MeNH,’] is obviously proportional to [MeNH,][H‘], we put forward 
the following detailed representation of the course of the reaction as being essentially 
more satisfactory, embracing the experimental evidence, and applicable both to primary 
and to secondary amines in the aliphatic as well as in the aromatic series : * 

R-NH, 


HO-N—o > Ho-N=6H *“"S HO-N—OH —> N=O 
R-NH, R-NH, 


[Noo 


=o 
RN'NOH <—_ | +HNO, 
R-NH 


The decomposition of the nitrites of »-propyl- and n-butyl-amine was studied carefully 
by V. Meyer in regard to the nature of the products (Ber., 1876, 9, 535; 1877, 10, 130), 
and Frentzel (Ber., 1883, 16, 744) and Jeffreys (Amer. Chem. J., 1899, 22, 37) contributed 
investigations, obviously less thorough, of the behaviour of m-hexylamine and n-undecyl- 
amine respectively. These appear to be the only researches concerned with normal 
aliphatic primary amines, although a number of workers have dealt with other aliphatic 
primary amines (Freund and co-workers, Ber., 1890, 28, 189, 2865; 1891, 24, 2150, 3350; 
1893, 26, 2492; Solonina, J. Russ. Phys. Chem. Soc., 1898, 30, 431, 449; Pauly and 
Hultenschmidt, Ber., 1903, 36, 3365; Konowaloff, Cenir., 1906, I, 737; Henry, Compt. 
vend., 1907, 145, 899, 1248) and aliphatic primary diamines (Demjanow, Ber., 1892, 25, 
Ref. 912; 1907, 40, 2590; Euler, Ber., 1895, 28, 2952; Bewad, Ber., 1906, 39, 1233; 
Neuberg and Rewald, Biochem. Z., 1915, 71, 162). We now contribute a quantitative 
study of the decomposition of the nitrites of the amines homologous to those examined 
by V. Meyer, and the resuits are summarised in the following table as percentages of 
original amine represented by each product : 

Amine. 
n-Amyl, n-Hexyl. n-Heptyl. m-Octyl. m-Nonyl. n-Decyl, 
Alcohol , ‘ j , . 50°0 
Olefin 2 
Nitroso-secondary amine 
Primary amine 
Primary amine hydrochloride 
Total yield, % 








* A similar scheme should also be applicable to the reactions of carbonyl compounds, and there is 
some indication that this may be so; e.g., Barrett and Lapworth observed that oxime formation was 
accelerated not only by hydrogen ions but also by hydroxyl ions (J., 1908, 98, 85; compare Auwers, 
Ber., 1889, 22, 603), and Conant and Bartlett (J. Amer. Chem. Soc., 1932, 54, 2892) observed an increase 
in the rate of semicarbazone formation with increase in concentration of a sodium acetate-acetic acid 
buffer solution. 
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The relatively low total in the first five cases is probably due to incomplete recovery 
of undecomposed primary amine, as explained in the experimental portion. 

The proportion of secondary alcohol produced is not shown in the table. It diminished 
rapidly as the series was ascended, for, whereas it constituted perhaps one-third of the total 
amyl alcohol as against 58% of the alcohol obtained from -propylamine (Henry, Compi. 
vend., 1907, 145, 899; compare Jones and Kenner, Joc. cit.), only about 5% was definitely 
detected in the octyl alcohol, and none at all in the nonyl and decyl homologues. This 
is in marked contrast with the approximate constancy in the yield of olefin, which is to 
be anticipated from familiar theoretical reasoning. In spite, therefore, of the close formal 
connexion between the Hofmann and the pinacol change (compare Kenner, Nature, 1932, 
130, 309) it would seem that at least the controlling factors must be very different. In 
explanation, the following suggestions are put forward. Olefin formation is regarded as 
in general a reaction determined primarily by attack of an anion, usually hydroxyl, whilst 
-onium groups act as predisposing but subsidiary agents (compare Ingold and co-workers, 
J., 1927, 997; 1928, 3125, 3127; 1929, 2338, 2342, 2357; 1930, 705, 708, 713) : 


X: _ CHiN, oH > XCHiCH, + Ne + H,O 
When, however, Pn tendency of the -onium kation to decompose with liberation of, 
e.g., water or nitrogen, is pronounced, a change is initiated at the -onium centre which is 
completed with the aid of an anion, very possibly in the manner of a Walden inversion. 
The attack by the anion takes place at the carbon atom which is the site of the -onium 
group or, if the tendency of the oxygen, nitrogen, or other atom of this group to break 
away is sufficiently strong, alternatively at the adjoining carbon atom : 


(a) X-CH,-CH,-N, —-> X-CH,°CH,°OH + N, 
(b) X-CH,CH,"N, —> X-CH-CH, + N, 
K 


NOH H 

The latter is the case of the Wagner—Meerwein change, and involves migration of an 
atom or group to the first carbon atom. The importance in this connexion of McKenzie’s 
work on semipinacolinic deamination and its bearing on the possibility that a Walden 
inversion occurs at the first carbon atom have been referred to previously (Kenyon and 
Phillips, J., 1930, 415; Kenner, Nature, 1932, 130, 309), and we consider that evidence 
of a similar change at the second carbon atom is supplied by the modification of ring 
structure by enlargement or contraction which occurs whenever the carbon atom in question 
is contained in a saturated ring. Pinacol changes of this type have been observed by 
Meerwein (Annalen, 1910, 376, 152; 1913, 396, 200; 1918, 417, 255; J. pr. Chem., 1922, 
104, 289), and in these the circumstances necessarily involve ring enlargement ; ¢.g., 


me Oo iui (CH,) <n 


But this has also been observed in other cases. For instance, phenylcyclohexane results 
from the action of benzene in presence of aluminium chloride on w-chloromethylcyclo- 
pentane. The conversion of w-chloromethylcyclopentane into cyclohexane by reduction 
with hydrogen iodide probably also falls in this category, but perhaps the most convincing 
instances were observed by Demjanow in the action of nitrous acid on amino-derivatives 
of cyclic hydrocarbons (Demjanow and Luschnikow, J. Russ. Phys. Chem. Soc., 1903, 35, 
26; Demjanow, Ber., 1907, 40, 4961; compare Kishner, J. Russ. Phys. Chem. Soc., 1905, 
37, 304), e.g., 


(CH,); CCH*CH"NH, —> (CH,)s—CH-CH,°OH + (CH) sto 


“CH: ay CH,— CH, 
(CH,);—CH-NH, —> ie CH,°OH + ¢H,—CH-OH 





Nitrites of Some Primary Aliphatic Amines. 841 


In the following instances, observed by Stoermer and Schenck (Ber., 1927, 60, 2566), 
it is clear that the hydroxyl group in the product is not attached to the carbon atom 
which originally carried the amino-group : 

HO,C-CH—CHPh HO,C-CH CH(OH)Ph HO,C-CH—CH:NH, 


ba—Guwn, 7 pad “a 
PhCH—CH-NH, PhCH—CH PhCH- -CHPh 
The equilibrium between isobornyl chloride and camphene hydrochloride similarly 
involves a change in ring structure, rather than migration of hydrogen or methy] : 
CH,;—CH—CH, CH,;—CH—CH, 
| Me, | HH = | Me, 
CH,— —C<¢] CH,—i—> H 
Me K 
Me” Cl 
The same feature characterises the transition from pinene hydrochloride to isobornyl 
chloride (Meerwein and Emster, Ber., 1922, 55, 2500). In all these cases the Wagner-— 
Meerwein change has involved migration of an alkyl group in contradistinction to the 
migration of hydrogen which is observed in all cases in which no ring structure is involved : 
R-CH,°CH,-NH, —> R*CH(OH)Me 
A possible reason for what thus seems to be a very general phenomenon appears when 
we consider more closely the course of the Walden inversion, which may be graphically 


represented in the following manner (compare Meer and Polanyi, Z. physikal. Chem., 1932, 29, 
166; Kenner, Nature, loc. cit.; Mills, Presidential Address to Section B, Brit. Assoc., 1932) : 


P 
P. P. Pp 
. 


ae -<¢ Te ae a Se acagy x, 24 z. 
R” R’ Xa" | \R 


(I). (II.) (III.) (IV.) 

As the group X, commences to break away from the carbon atom, the mutual repulsions 
of P, Q, and R will cause an enlargernent of the normal tetrahedral angle (II), which will 
be enhanced with approach of X, (III) and ultimately lead to inversion (IV). Similar 
changes may obviously occur if, as in the Wagner—Meerwein reaction, X, is a carbon atom 
which develops a strong positive polarity, without alteration of its distance from the carbon 
atom, although in this case actual inversion of configuration may not ensue, since X, 
will displace P, Q, or R. If, of these, P and Q should be participants in a ring structure, 
their adjustment to the changes involved will be less facile owing to the restriction of their 
freedom of independent movement; and this may induce rupture of the ring and conse- 
quently determine migration of P or Q, even though R should be displaced in the 
corresponding open-chain compound. 

It is apparent that the conditions under which the Wagner—Meerwein change occurs 
also permit olefin formation, and accordingly the diazonium hydroxides suffer both types 
of change. The converse, however, will obviously not apply, so that decomposition of 
-onium hydroxides normally yields olefins, but not alcohols (compare Ingold and Kuriyan, 
J., 1933, 991). 

The rapid decrease in the proportion of secondary alcohol obtained in our experiments 
with increase in length of the carbon chain is indicative of a considerably reduced kationoid 
condition of the carbon atom attached to nitrogen in the diazonium complex. A similar 
reduction is responsible for the inertia of the higher aliphatic ketones towards the usual 
reagents and is attributable to an anionic field effect exerted by the carbon chain. 


H,C——CH,'N, H,C——CO—(CH,),Me 
(H_C),—CH,(CH,),Me  (H,C), —-CH,*(CH,),Me 


As the length of this is increased to five and more carbon atoms, there will up to a 
31 
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certain point be an increase in the frequency with which one or other of the members in 
the chain comes into sufficient proximity to the diazonium or carbonyl carbon atom to exert 
such an influence. 

The secondary amines, from which the nitroso-derivatives shown in the table are derived, 
originate in the same way as these compounds normally do from alkyl halides and primary 
amines, by interaction of free amines with the kationoid alkyl group of the diazonium 
hydroxide. The formation of nitrosoamines was also observed by V. Meyer (loc. cit.). 

The results of a study of the interaction of @-phenylethylamine hydrochloride with 
silver nitrite were as follows : 

Yield, %. 
B-Phenylethy] alcohol 49°1 
Styrene 4:8 
Nitrosodi-8-phenylethylamine 141 
B-Phenylethylamine f2 
B-Phenylethylamine hydrochloride 9°4 


82°6 

No secondary alcohol could be detected, and similarly Perkin only observed the form- 
ation of primary alcohol from w-aminoethylpiperonylcarboxylic acid (J., 1890, 57, 1060). 
As might be expected, however, secondary as well as primary alcohols and olefin occur 
in the product from 2-«-cyclohexylethylamine (Wallach, Annalen, 1899, 359, 312). 

The possibility that diazohydrocarbons may be intermediate products in the reactions 
discussed has been disregarded in view of the classical conversions of the optically active 
alanine and aspartic acid into active lactic and malic acids respectively by treatment with 
nitrous acid. 

EXPERIMENTAL. 

Amines.—These were prepared directly from the corresponding carboxylic acids by Schmidt’s 
hydrazoic acid method (compare Annalen, 1931, 490, 100; O6csterlin, Z. angew. Chem., 1932, 
45, 536), the yields of pure base amounting to 70—75% and of n-decylamine to 90% of the 
theoretical. In each case the boiling point agreed with the data in the literature, and the 
bases were further characterised by their picrates, as shown in the following table : 

M. p. of % N, M. p. of % B, 

Base. picrate. found. calc. Base. picrate. found. calc. 
n-C,H,,°NH; 138—138°5° 17°67 17-72 n-C,H,,"NH, 111-5—112°5° 15°85 15°64 
n-C,H,,"NH, 126°5 17°03 16°97 n-CyH,,.*NH, 110°5—111 15°13 15°05 
n-C,H,,"NH, 1185—119 1627 1628  m-CyHyNH, 118 —1185 1455 1451 
Of the picrates, those of n-heptylamine (m. p. 118-5—119-5°; v. Soden and Henle, Pharm. Zig., 
1901, 46, 1026), -octylamine (m. p. 112—114°; Hoogewerf and van Dorp, Rec. trav. chim., 
1887, 6, 387) and m-nonylamine (m. p. 111°; v. Braun and Sobecki, Ber., 1911, 44, 1470) have 
been previously described. 

In this connexion undecoic acid was prepared by catalytic reduction of undecenoic acid 
in glacial acetic acid solution more conveniently than in alcohol (compare Fokin, Z. angew. 
Chem., 1909, 22, 1499). 

Alcohols.—The corresponding primary alcohols as well as secondary octyl alcohol were 
available by purchase. The remaining secondary alcohols were prepared by reduction of the 
appropriate methyl ketones with sodium and alcohol (compare Thoms and Mannich, Ber., 
1903, 36, 2544). Of the ketones, methyl octyl ketone was commercially available as “ ruteine ”’ 
(supplied by Messrs. Givaudan, Geneva). In every case the boiling points of the alcohols 
agreed with the data in the literature. For purposes of identification the respective a-naphthyl- 
urethanes were prepared and repeatedly crystallised from light petroleum (b. p. 60—80°). 
The relevant data are included in the following table : 


a-Naphthylurethane. a-Naphthylurethane. 
% N, 

Alcohol. M. p. found. calc. Alcohol. <p , calc. 
65°5° 5°46 5°44 ° : 4°68 

74:5 5°47 5°44 ; ' ; y 4°68 

59 : 5°17 “ ; 4°47 

60°5 5 5°17 } ‘ 4°47 

5: 4°91 : 4:28 

4-91 O 4:28 
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The a«-naphthylurethanes of »-heptyl (m. p. 62°) and m-octyl alcohols (m. p. 66°) have been 
previously described (Neuberg and Kansky, Biochem. Z., 1909, 20, 447). 

The depressions of melting point observed in mixtures of the urethane of each primary 
alcohol with that of its secondary isomeride attested the suitability of these derivatives for our 
purpose, 

Decomposition of the Amines with Nitrous Acid.—Two experiments were performed with 
each amine and the results showed a concordance which was considered reasonable in view of the 
procedure involved. A cold neutral solution of the amine in hydrochloric acid (10%) was 
intimately mixed at the ordinary temperature with silver nitrite (1-2 mols.) and filtered. A 
diminution in stability of the nitrites with increasing molecular weight was observed, so that 
in the cases of nonyl- and decyl-amines small amounts of oil had to be removed by shaking the 
silver salts with ether. The filtrate, with washings of the silver salts, was decomposed by 
gradually raising its temperature in an oil-bath, and finally distilled until there was only a 
small residue. This was mixed with water and extracted with ether. The aqueous solution 
on evaporation yielded a small amount of amine hydrochloride, which was identified by conversion 
into the picrate. The ethereal extract was added to that derived from the distillate. In the 
cases of m-amyl- and n-hexyl-amines, the receiver for the distillate was also connected to four 
bubblers charged with a solution of bromine in chloroform and cooled in ice. By warming the 
receiver to 40° and 65° respectively, the olefins were driven over into the bromine. In the 
other cases, the olefin together with the alcohols was extracted by ether (free from ethyl alcohol) 
from the aqueous distillate after saturation of the latter with potassium carbonate. The ethereal 
solution, after being washed with dilute sulphuric acid, combined with that of the distillation 
residue, and dried over potassium carbonate, was concentrated, and the residue carefully 
fractionated from an oil-bath through a Widmer column. The lower fractions contained olefin, 
which was estimated by treatment with a solution of bromine (20%) in chloroform. Finally 
the olefin dibromide was characterised by distillation and analysis : 

Olefin % Br, Olefin % Br, 
1; 2 dibromide. B. p. found. calc. 1 : 2 dibromide. B. p. found. calc. 
80°/19 mm. 69°09 69°57 123°/14 mm. 58°56 58°82 


95—96°/12 mm. 65°49 65°57 133°5°/12 mm. 56°16 55°94 
99°5°/10 mm. 61:98 62-01 149—150°/15 mm. 53°38 53°33 


Of these, the following are described in the literature: C;H,)Br,, b. p. 190—191°/760 mm. 
(Brochet, Bull. Soc. chim., 1892, 7, 567); C,H,.Br., b. p. 98—99°/15 mm. (idem, ibid., p. 569) ; 
C,H,,Bry, b. p. 105—107°/15 mm. (Welt, Ber., 1897, 30, 1495) ; and C,)H Bry, b. p. 145°/15 mm. 
(Grosjean, Ber., 1892, 25, 479). 

Fractions of the alcoholic material were collected every 1—2°, and separately treated with 
a-naphthylcarbimide for comparison with the authentic urethanes already described. There 
was no difficulty in isolating pure urethanes corresponding to primary alcohols in each case, 
and those of the secondary amyl, hexyl, and heptyl alcohols were also isolated in the pure con- 
dition, m. p. 74-5°, 60-5°, 54°, respectively, but with increasing difficulty. The secondary 
octyl derivative melted at 57—58° instead of 62-5°, and no indication of secondary alcohols 
could be obtained in the products from m-nonyl- and n-decyl-amines. It was not feasible to 
provide from these results accurate estimates of the relative proportions of primary and 
secondary alcohols in every case, but it was evident that the amount of secondary alcohol 
rapidly diminished with increase in molecular weight. 

The residue from the fractional distillation usually furnished a further small quantity of 
primary alcohol when distilled from a smaller flask. The final residue was shown to contain 
a nitroso-compound by its behaviour towards Liebermann’s reagent and towards a solution of 
cuprous chloride in hydrochloric acid (Jones and Kenner, J., 1932, 711). By evaporation with 
concentrated hydrochloric acid, a residue of secondary amine hydrochloride was obtained. 
The amounts obtained from amyl- and hexyl-amines were insufficient for further work. In 
other cases, the residue was characterised by conversion into a picrate; but these were evidently 
somewhat impure, since in every case the analytical results were high. The following results 
were obtained : 

% N, 
Picrate. M. p. found. calc. 
Diheptylamine 117—120° 13°5 12°7 
Dioctylamine 110—110°5 12°8 11-9 
Dinonylamine 106—108 11-7 11-2 
Didecylamine 11-2 10°6 
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When the dilute sulphuric acid solution, obtained by washing the ethereal extract of the 
distillate, was rendered alkaline and again extracted, unchanged primary amine was isolated ; 
it was identified in each case by means of its picrate. A later experiment with n-hexylamine, 
however, indicated that this procedure was unsatisfactory, for a recovery of 8-5%, as against 
1-5% recorded in our table of results, was attained by steam distillation of the alkaline solution 
together with the aqueous potassium carbonate solution from which the alcohols had been 
separated. The steam distillate was acidified with hydrochloric acid and worked up in the 
usual manner. 

Reaction of 8-Phenylethylamine with Nitrous Acid.—As a preliminary a- and §-phenylethyl 
alcohols were respectively characterised by their a-naphthylurethanes, m. p. 106° (Found : 
N, 4-85) and 117° (Found: N, 4-8. C,,H,,O,N requires N, 4:8%). 

The decomposition of the amine nitrite was carried out as in the previous cases. The residue 
from the distillation, on extraction with ether, left a colourless solid, which was soluble in water 
and identified as 8-phenylethylamine hydrochloride, m. p. 216° (Found: Cl, 22-8. Calc. for 
C,H,,N,HCI1: Cl, 22-5%). The ethereal extract on distillation yielded phenylethyl alcohol 
(a-naphthylurethane, m. p. 117°), and a residue, of which a portion was soluble in water and 
identified as di-8-phenylethylamine hydrochloride, m. p. 266° (Fileti and Piccini, Gazzetia, 1879, 
9, 295, give m. p. 265°) (Found: Cl, 13-53. Calc. for C,,H,,N,HCl: Cl, 13-6%). This arose 
from the decomposition of 8-phenylethylamine hydrochloride during distillation. This salt 
was found to be readily soluble in §-phenylethyl alcohol and so was taken up in the original 
ethereal extract. The hydrochloride was therefore allocated to $-phenylethylamine hydro- 
chloride in arriving at a final estimate of the various products isolated. The portion of the 
residue insoluble in water was dissolved in ether and added to that remaining from the fractional 
distillation of the material isolated from the original aqueous distillate. The last furnished 
styrene, b. p. 146—147°, identified as dibromide, m. p. 73° (Found : Br, 61-0. Calc. for C,H,Br, : 
Br, 60-6%), and phenylethyl alcohol (a-naphthylurethane, m. p. 117°). No indication of the 
presence of a-phenylethyl alcohol could be obtained. Nitrosodi-§-phenylethylamine was 
identified by its behaviour towards Liebermann’s reagent and a solution of cuprous chloride 
in hydrochloric acid, and by its conversion into di-8-phenylethylamine hydrochloride, m. p. 265°, 
and picrate, m. p. 153° (Found: N, 12-4. C,,H,,0,N, requires N, 12-3%). 
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181. Selenium Dioxide. A New Oxidising Agent. Part IV. The 
Preparation and Properties of Ethyl Ketohydroxysuccinate. 


By S. Astin and H. L. RILEy. 


SELENIUM dioxide oxidises a variety of organic compounds, giving, in many instances, 
excellent yields of compounds difficult to prepare by other methods. In the majority 
of cases studied, the organic compounds contain, closely associated with a negative group, 
a methylene group which is oxidised to carbonyl by the dioxide : e.g., aldehydes and ketones 
give 1:2-keto-aldehydes and 1: 2-diketones respectively (Riley, Morley, and Friend, 
J., 1932, 1875; Evans, Ridgion, and Simonsen, this vol., p. 137); malonic ester gives 
mesoxalic ester (Astin, Newman, and Riley, J., 1933, 391; Miller, Ber., 1933, 66, 1668) ; 
acetoacetic ester gives af-diketobutyric ester (Miiller, loc. cit.); methylbenzanthrones 
and allied compounds give the corresponding aldehydes (I. G. Farb. A.G., B.P., 1931, 347, 
743). Besides this extensive type of reaction, examples are known in which the dioxide 
behaves differently: e.g., the group -CH°CH: in ethylene and propylene is oxidised to 
‘CO-CO: (Riley and Friend, J., 1932, 2342); «-pinene is oxidised to verbenone (Schwenk 
and Borgwardt, Ber., 1932, 65, 1601), involving the conversion >C:CH-CH,-*CH< —> 
>C°CH-CO-‘CH<; the simple aliphatic alcohols give alkylglyoxals, and succinic ester 
gives fumaric ester (Astin, Newman, and Riley, Joc. cit.). The oxidising action of selenium 
dioxide on ergosterol and dihydroergosterol has been studied by Callow and Rosenheim 
(J., 1933, 390; see also Truchet, Compt. rend., 1933, 193, 706; Henze, Ber., 1934, 67, 750). 

The present paper describes the oxidising action of selenium dioxide on d-ethy] tartrate. 
The principal product was ethyl d-ketohydroxysuccinate, thus demonstrating still another 
type of oxidation and providing a simple means of preparing this compound. 
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EXPERIMENTAL. 


Ethyl tartrate (103 g. ; 3 mols.) and selenium dioxide (18-3 g.; 1 mol.) were heated (120—130°) 
under reflux until all the dioxide had disappeared (4 hours); 5-0 g. of selenium (38%) were 
precipitated. The residual liquid was decanted, the selenium washed with alcohol, and the 
liquid and washings fractionated under reduced pressure, giving first alcohol and water and then 
a yellow distillate. At 180°/30 mm. decomposition commenced, the liquid charred, and the 
distillate became contaminated with red selenium. Two fractions, (A) b. p. 173°/30 mm. and 
(B) 173—215° /30—200 mm., were collected. These were diluted with ether, filtered to remove 
selenium, and fractionated separately in a vacuum. The following fractions were collected : 
(1) 17 c.c. up to 173°/30 mm.; (2) 20c.c., b. p. 173—177°/30 mm. (unchanged ethyl tartrate) ; 
(3) b. p. 177—195°/30—60 mm. (more ethyl tartrate and organo-selenium compounds). Fraction 
(1), diluted with ether, filtered from the small amount of selenium which separated, and redistilled 
in a vacuum, gave l6c.c., b. p. 168—170°/28 mm., which crystallised after several days, forming 
10-75 g. of ethyl ketohydroxysuccinate. Recrystallisation from ether gave white shining needles, 
m. p. 96—98° (Found: C, 46-9, 47-0; H, 6-1, 6-1; M by Rast’s method 226, by elevation of 
b. p. of ether 223. C,H,,0, requires C, 47-0; H, 5-9%; M, 204). [a]}#}° = + 14° in 20% aqueous 
solution. [a]}§ = — 15-6° in 12% solution in absolute alcohol. The compound was readily 
soluble in methyl alcohol, ethyl alcohol, acetone, chloroform, ethyl acetate, water, benzene, 
toluene and nitrobenzene, moderately soluble in ether and in light petroleum, and very sparingly 
soluble in carbon tetrachloride. Two recrystallisations from anhydrous ether gave m. p. 98— 
99°. Them. p. was very sensitive to traces of moisture; after drying for several weeks over 
phosphoric oxide, m. p. 105—106° was obtained. The compound was slightly deliquescent. 

The optical activity of the compound (vide infra) left no doubt that it was the ketohydroxy- 
succinate and not either the dihydroxy-maleate or -fumarate. This formulation was in accord 
with its chemical properties. It reduced ferric chloride, ammoniacal silver nitrate, and Fehling’s 
solution. Phenylhydrazine in acetic acid, added to an aqueous solution of the compound gave a 
yellow precipitate which after recrystallisation from alcohol consisted of lemon-yellow plates 
and orange needles. The lemon-yellow plates, which were picked out by hand, had m. p. 121°, 
alone and mixed with the bisphenylhydrazone of ethyl diketosuccinate (I) (Found: C, 62-6; 
H, 5:7. Calc.: C, 62-9; H, 5-8%). This compound exists in three forms, the one obtained 
being the «-modification (Anschiitz and Pauly, Ber., 1895, 28, 64). The remaining mixture 
of orange and yellow crystals was boiled for a few minutes with glacial acetic acid and diluted 
with water. When the precipitate was recrystallised from alcohol, orange needles of the 
4-phenylhydrazone of ethyl 4: 5-diketo-1-phenyl-4 : 5-dihydropyrazole-3-carboxylate (II), 
m, p. and mixed m. p., 153-5°, were obtained (Found: N, 16-9. Calc.: N, 16-7%). Anschiitz 
and Pauly (loc. cit.) prepared this compound by the action of glacial acetic acid on any of the 
three isomeric osazones of ethyl diketosuccinate. Anschiitz and Parlato (Ber., 1892, 25, 1979) 
obtained only (II) by the action of phenylhydrazine acetate on ethyl diketosuccinate. (I) could 
only be obtained by the action of alcoholic phenylhydrazine on ethyl diketosuccinate. 

The ester (2 g.) in methyl alcohol was treated with caustic potash (1-5 g.) in the same solvent. 
An immediate white precipitate (2-5 g.) was obtained which was washed with methyl] alcohol 
and ether (Found: K, 36-7. Calc. for potassium ketohydroxysuccinate: K, 34-8%). This 
salt was treated for 1 hour with hydrogen chloride (2 equivs.) in ethyl acetate, and the excess of 
acid removed in a vacuum; the viscous yellow syrup obtained deposited oxalic acid, m. p. 
96—98°, on cooling in ice. Another attempt to prepare the free acid was made through the lead 
salt, which, suspended in ethyl acetate, was decomposed by hydrogen sulphide; oxalic acid was 
again produced. Examination of the products of alkaline (caustic potash) hydrolysis revealed 
only the presence of oxalic acid (m. p. 100-5° and mixed melt. Found: C, 19-1; H, 4-52. Calc.: 
C, 19-0; H, 4-8%), ethyl alcohol, carbon dioxide, and a little tartaric acid. No glycollic acid 
could be detected by the codeine test (Denigés, Bull. Soc. chim., 1909, 5, 648). 

When the ester was refluxed with dilute hydrochloric acid, a considerable amount of carbon 
dioxide was evolved. Tartaric acid [m. p. 124—132° with decomposition, after recrystallisation 
from acetone-light petroleum (b. p. 40—€0°), and drying for 2 days in a vacuum desiccator. 
Found : C, 32-2; H, 4-2. Calc. : C, 32-0; H, 4-0%], ethyl alcohol, and a small quantity of some 
other substance which gave the iodoform reaction in the cold were also produced. The tartaric 
acid, which was dextrorotatory, was shown to be a mixture of the dextro- and the meso-form, 
as follows. About 0-2 g. of the acid was dissolved in water, neutralised with caustic potash, and 
acidified with dilute acetic acid. After 2 days the precipitated potassium hydrogen d-tartrate 
was removed ; the filtrate, treated with calcium chloride solution, gave white crystalline calcium 
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mesotartrate. A solution of the acid gave no precipitate with saturated calcium sulphate 
solution, showing the absence of racemic acid. 

Ethyl ketohydroxysuccinate was not attacked by boiling acetyl chloride, and a solution 
of the ester in benzene gave no hydrogen chloride on treatment with acetyl chloride. 

The ester (3-02 g.) was refluxed with acetic anhydride (30 c.c.) for an hour, and the excess 
of anhydride removed in a vacuum on the steam-bath; 1-03 g. of crude ethyl diacetyl-d-tartrate, 
m. p. 50—56°, rising to 67—-68° after two crystallisations from aqueous alcohol (Found : C, 49-5; 
H, 6:3. Calc.: C, 49-6; H, 62%), and 1-5 c.c. of a viscous brown liquid were obtained. 
Distillation of the latter in a vacuum gave a drop of acetic anhydride and about 0-5 c.c. of a 
pale yellow, viscous liquid, b. p. 185—206°/29 mm.; decomposition then occurred (also when 
the pressure was only 0-5 mm.). The viscous liquid soon crystallised, giving 0-25 g. of crude 
ethyl diacetyltartrate, m. p. 48—53° (67-5° after two crystallisations from aqueous alcohol). 
The mother-liquors from the recrystallisation failed to give any acetylmesotartrate. The 
d-compound obtained had [a«]i7*— 8° in 5% chloroform solution, which compared favourably 
with the value [«]) — 8-8° in 5% solution found by Freundler (Ann. Chim. Phys., 1895, 4, 235). 
The theoretical yield of diacetyltartrate (both d- and meso-) by the reaction postulated (vide 
infra) would be 2-25 g. A total of 1-28 g. of the crude d-compound was isolated, 7.e., an amount 
slightly in excess of the theoretical quantity of the pure compound. 

The ketohydroxy-ester did not decolorise bromine dissolved in carbon tetrachloride, carbon 
disulphide, or glacial acetic acid. 

Attempts were made to improve the yield of ethyl ketohydroxysuccinate by varying the 
proportions of the reactants. Molecular proportions of ethyl tartrate and selenium dioxide of 
6: 1,3: 1,2: 1,and 1: 1 gave respectively yields of 15-6, 16-0, 7-0, and nil % of the theoretical, 
calculated on the selenium dioxide used. No reduction of the dioxide occurred when either 
ethylene glycol or dioxan was used as a diluent. The low yield was due to the formation of other 
oxidation products and complex organo-selenium compounds. Carbon dioxide was invariably 
evolved during the initial refluxing. On refluxing ethyl tartrate (30 g.; 2 mols.) and selenium di- 
oxide (8-1 g.; 1 mol.) at 130—140° for 3 hours, 2-5 g. of selenium (37%) were precipitated. The 
product was fractionated twice in a vacuum, and the following fractions collected: (1) b. p. 
118—155°/32 mm., (2) 155—175°/36 mm., and (3) 175—195°/45 mm. (1) gave with aqueous 
phenylhydrazine acetate the bright yellow, finely crystalline bisphenylhydrazone of ethyl 
aldehydoglyoxylate, m. p. 222-5—223-5°, recrystallised from benzene-light petroleum (b. p. 
40—60°) (Found : C, 66-3; H, 5-9; N, 18-4. Calc.: C, 65-9; H, 5-8; N, 18-1%). The mother- 
liquor from the original separation of this compound was evaporated to dryness, and the residue 
extracted with hot alcohol. A small final residue gave, on twice crystallising from benzene-light 
petroleum (b. p. 40—60°), white crystals, m. p. 172—180°. These were not identified. The 
alcoholic extract on evaporation gave a mixture of the bisphenylhydrazone of ethyl diketo- 
succinate and the pyrazolone formed from this compound (vide supra). This indicates the 
formation of either ethyl aldehydoglyoxylate or ethyl hydroxypyruvate (OH-CH,°CO’CO,Et). 

The Reaction of Selenium Dioxide with Other Alkyl Tartrates—Attempts were made to oxidise 
butyl and amy] tartrates with selenium dioxide. In each case oxidation occurred, but the liquid 
products soon began to decompose on distillation and no compounds were identified. 

Methy] tartrate (56-5 g.; 2 mols.) and selenium dioxide (12-3 g. ; 1 mol.) were heated together at 
120°for 5hours. When the product was distilled in a vacuum, methy] alcohol and water first came 
over; decomposition then occurred and continued throughout the distillation over the range 
165° /60 mm. to 215°/200 mm. On redistillation the liquid began to boil at 60°/40 mm. and part 
of the distillate solidified. About 0-5 g., m. p. 96—98°, was obtained. The higher-boiling 
fractions were evil-smelling liquids from which no solid products could be obtained. The solid 
proved to be methyl fumarate, m. p. 101° (from methyl alcohol) and mixed melt (Found : 
C, 49-8; H, 5-55. Calc.: C, 50-0; H, 555%). The formation of this reduction product must 
obviously involve a complex reaction. 

The Reaction of Selenium Dioxide with Ethyl Lactate-—Ethy]l lactate (103 g.; 34 mols.) and 
selenium dioxide (28 g.; 1 mol.) were heated under reflux at 120—130° for 4 hours. Much carbon 
dioxide was evolved. 14-5 G. of selenium (72-5%) were precipitated. After removal of the more 
volatile portion of the liquid product (alcohol and water) the residue was distilled in a vacuum 
over the range 50°/28 mm. to 215°/80 mm,; charring and decomposition then occurred, On 
redistillation of the liquid, the following fractions were collected : (1) 31—63°/23 mm., mostly 
ethyl lactate and water; (2) 61°/21 mm., colourless; (3) 62—160°/27 mm., yellow; and (4) 
160—215°/35 mm., evil-smelling viscous liquid which deposited selenium. Ethyl pyruvate has 
the same b, p. as ethyl lactate (154—155° at ordinary pressure). (2) was therefore tested by 
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means of the sodium nitroprusside reaction (Simon, Compt. rend., 1897, 125, 534) and with phenyl- 
hydrazine. Both tests showed the presence of only a trace of pyruvate. 

Fraction (3) gave with aqueous phenylhydrazine acetate the bisphenylhydrazone of ethyl 
aldehydoglyoxylate, m. p. 222—-223° [from benzene-light petroleum (b. p. 40—60°)] and mixed 
melt (Found: C, 66-3; H, 5-9; N, 18-4. Calc.: C, 65-9; H, 5-8; N, 18-1%). 

Taking into account the known reactions of selenium “dioxide, it appears probable that the 
bisphenylhydrazone was derived from either CHO*CO*CO,Et or CHO*CH(OH)°CO,Et. Because 
of the small yield of this substance, the reaction was not investigated further. 


DISCUSSION. 


Fenton and Wilks (J., 1912, 101, 1574) described an ester which they believed to be 
ethyl ketohydroxysuccinate. Fenton (J., 1896, 69, 546) had obtained dihydroxymaleic 
acid by the action of hydrogen peroxide on tartaric acid in the presence of reduced iron. 
This gave, with alcoholic hydrogen chloride, an ethyl ester, m. p. 72—73°, which was later 
found to consist of two compounds, since, on digestion with ether, part dissolved immediately 
and crystallised in long silky needles, m. p. 68° (A form). The remaining sparingly soluble 
portion, after repeated washing with ether, consisted of short rod-like prisms, m. p. 126— 
128° (B form). Both had the same composition corresponding to ethyl dihydroxymaleate. 
Their properties, however, differed considerably. Fenton believed the A form to be the 
dihydroxymaleate and the B form to be the ketohydroxysuccinate. 

The differences in the properties of these two esters A and B and the isomeric ester C 
obtained from ethyl tartrate by means of selenium dioxide, are summarised below. 

(1) Alcoholic ferric chloride gave a dark but transient green colour with A, no colour 
with B, and was reduced by C. 

(2) Alkali hydroxides gave a lemon-yellow colour with A and no colour with B or C. 

(3) Phenylhydrazine acetate reacted slowly with A and B (more quickly with A) in 
hot alcoholic solution. The product eventually obtained in each case was the pyrazolone 
derivative. C reacted immediately with aqueous phenylhydrazine acetate, giving the 
bisphenylhydrazone and the pyrazolone. 

(4) A gave ethyl diacetoxymaleate with acetyl chloride, whereas B and C were 
unaffected; but B was practically insoluble in this reagent, and C was readily soluble. 

(5) A was unaffected by acetic anhydride. B dissolved at once and, after 4 hour’s 
heating and removal of the excess of anhydride, gave crystals of the A form (m. p. 68°). 
C gave principally ethyl d-diacetyltartrate (m. p. 67-5°). 

(6) After 12 hours over phosphoric oxide or sulphuric acid in the presence of air, A 
was entirely converted into a yellow liquid, believed to be ethyl diketosuccinate. B and C 
were unaffected by this treatment. 

(7) A, dissolved in acetone, immediately decolorised dilute aqueous permanganate, 
whereas B and C reacted only slowly. 

Fenton and Wilks regarded A and B as keto-enol isomerides, A, because of its behaviour 
with ferric chloride, acetyl chloride, permanganate, and phenylhydrazine, being the enolic 
form. They write, however, ‘the alternative hypothesis is, however, by no means excluded.” 
The general properties, molecular weight, and optical activity of C can leave little doubt 
that it is the ketohydroxysuccinate. It is possible that A and B esters are cis- and ivans- 
isomerides of ethyl dihydroxymaleate. 

The existence of optical activity in a compound of this type is somewhat surprising, 
particularly in view of the relatively high temperature employed in its preparation. It 
can be attributed either to the absence of tautomerism, to the stabilising influence of the 
negative groups on the electronic structure of the asymmetric carbon atom, or to the 
complete absence of racemising conditions during the preparation (compare Kuhn and 
Albrecht, Ber., 1927, 60, 1297, on the optical activity of the sodium salt of 2-nitrobutane, 
and Leuchs, Ber., 1913, 46, 2435, on the bromination of 2-benzyl-1-hydrindone-o-carboxylic 
acid). 

The behaviour of the compound on hydrolysis with both acid and alkali and with acetic 
anhydride presented anomalies which were to be expected with a compound of this type. 
The formation of oxalic acid on alkaline hydrolysis resembled the acid hydrolysis of 
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acetoacetic ester. The production of tartaric acid on hydrolysis with hydrochloric acid and 
the formation of d-diacetyltartrate on treatment with acetic anhydride are more difficult 
to understand. It is possible that an oxidation-reduction reaction involving two molecules 
of the ketohydroxysuccinate occurred. That both d- and meso-tartaric acid were detected 
amongst the products of acid hydrolysis and that the theoretical amount of d-diacetyl- 
tartrate was formed on treatment with acetic anhydride, are facts which strongly support 


this hypothesis. 


One of us (S. A.) is indebted to the Department of Scientific and Industrial Research for a 
grant. 
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182. Volume Effects of Alkyl Groups in Aromatic Compounds. 
Part III. The Dinitration of 3-Chloro- and 3-Bromo-p-cymene. 


By SAMARENDRA N. GANGULY and Raymonp J. W. LE FEVRE. 


ACCORDING to Fileti and Crosa (Gazzetta, 1888, 18, 289) fuming nitric acid converts 3- 
chloro-p-cymene into two chlorodinitrocymenes, m. p. 100—101° and 80°, and 3-bromo- 
p-cymene into two bromodinitrocymenes, m. p. 125—126° and 94°. Using nitric acid of 
d 1-48, however, they obtained halogenomononitrocymenes, which gave the corresponding 
5-halogeno-2-nitro-f-toluic acids on oxidation and therefore were formulated as (I, X = Cl 
or Br). The mononitro-derivatives on further nitration gave the above-mentioned di- 
nitro-derivatives. The constitutions allotted to (I) are supported by the results of inter- 
action with piperidine (present paper). 





Me Me Me 


pPré Pr8& 


CO,H 
(II.) 


te 
NOC. NOC. NOsGo) ’ 
Pré 


I.) 
(X = Cl or Br) 


The Italian authors did not discuss the position of the second nitro-group in the chloro- 
and bromo-dinitrocymenes (II) and were apparently unaware that Ladenburg and Engel- 
bricht (Ber., 1877, 10, 1220) had obtained 3-chloro-2 : 6-dinitro-f-cymene, m. p. 100— 
101°, from dinitrothymol by the action of phosphorus pentachloride. 

In the chloro-series, therefore, it was evident to Beilstein (“ Handbuch,” 4th Edn, V, 
425) that the higher-melting isomeride was (III) and the lower-melting form either (IV) 
or (V)—in view of the alleged formation from (I), (IV) is to be preferred. 
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Me 
NO,“ NO, NO No. 
cl NOL Cl NOK C1 


Prf Pré Pr8 
(III.) (IV.) (V.) 

We have re-examined the above substitutions because of the possibility that these 
alleged isomerides might have a relationship of the type sought unsuccessfully in Part I 
of this series. 

In Parts I and II (J., 1933, 977, 980) the interactions of #-cymene derivatives with 
piperidine were shown to obey the rules that hold for simpler aromatic compounds (Le 
Févre and Turner, J., 1927, 1113). Since, e.g., 1: 2-dichloro-4 : 5-dinitrobenzene on 
treatment with this reagent loses a nitro-group rather than a halogen atom (Le Févre 
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and Turner, Joc. cit.), yielding 4 : 5-dichloro-2-nitro-1-piperidinobenzene, it is clear that 
piperidine should react with (III) and with one of the 3-bromodinitrocymenes to give 
2 : 6-dinitro-3-piperidinocymene (VIII), and with the lower-melting chlorodinitro- and 
the other bromodinitro-cymene to produce a chloro- and a bromo-nitropiperidinocymene 
respectively (possibly VI). 

3-Chloro- and 3-bromo-p-cymene, prepared from thymol to ensure freedom from the 
similar 2-isomerides, were both dinitrated as described by the Italian authors. Each 
product was separated into a higher- and a lower-melting substance: the former raised 
the m. p. of the latter. The two higher-melting substances both reacted with piperidine 
with production of the same 2 : 6-dinitro-3-piperidino-p-cymene (VIII), which was also 
obtained from the 3-chloro-2 : 6-dinitrocymene prepared from dinitrothymol (VII) : 


Me Me 


Me Me 
NO O C;H,,NH NO NO PCl,, etc. NO O HNO, 
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(IX.) (VIII) (VIL) 


The two lower-melting substances were changed by hot piperidine into products from 
which, by crystallisation, considerable quantities of (VIII) were isolated. The amounts 
of (IX) isolated directly and also as the piperidino-derivative from the lower-melting 
substances show that the dinitration of each 3-halogenocymene proceeds mainly to give 
the 2 : 6-dinitro-derivative (IX). 

The lower-melting substances of Fileti and Crosa thus seem to be mixtures of (IX) 
with other compounds having similar physical properties. If these compounds resemble 
(IX) in solubility and, admixed with it, have fusion-point diagrams with very flat minima 
(compare mercuric bromide and iodide; Reinders, Z. physikal. Chem., 1900, 32, 494), separ- 
ation of the mixtures corresponding approximately to the minima will be slow. In 
accordance with this, specimens of the lower-melting substances, of the same m. p., can 
have considerably different carbon and hydrogen contents. 

Since p-methylacetophenone is formed during the nitration of p-cymene (J., 1933, 
981), the most likely impurity in (II) is the oxidation product of (IX), namely, 2-chloro- 
or 2-bromo-3 : 5-dinitro-4-methylacetophenone (XI); indeed, only the two lower-melting 
substances gave positive ketonic reactions with o-nitrobenzaldehyde and alkali (Le Févre 
and Pearson, J. Soc. Chem. Ind., 1932, 51, 4337). 

The chloro-ketone (XI) was therefore synthesised from m-toluidine for comparison 
with the pie esl (IX) : 


CO,H Me 
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Its constitution was established a (a) analysis, (b) the ready formation of a piperidino- 
derivative (XII), and (c) the oxidation of the intermediate ketone (X) to chloroterephthalic 
acid. The last proof was necessary because Claus (J. pr. Chem., 1891, 48, 355) by similar 
treatment obtained a ketone which yielded a derivative of o-phthalic acid on oxidation : 
possibly he oxidised a sample contaminated with the simultaneously formed 4-chloro- 
2-methylacetophenone and thus obtained the chloro-o-phthalic acid, which is more easily 
isolated than the chloroterephthalic acid. 

The parallel reactions starting from m-bromotoluene were attempted, but so much 
4-bromo-2-methylacetophenone was produced that the synthesis of the bromo-analogue 
of (XI) was not completed. 

Both (XI) and (XII) closely resembled (IX) and (VIII) respectively in m. p. and 
solubility ; a mixed m. p. curve was roughly determined for (XI) and (IX) (chloro-series) 
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and displayed the anticipated shape. From this and from the analytical data it appears 
that the “ chlorodinitrocymene ” of m. p. 80° may contain 50—80% of the corresponding 
chlorodinitro-p-tolyl methyl ketone. By inference, the same is true, mutatis mutandis, 
for the analogous bromo-compounds. In confirmation of this we isolated an analytically 
pure specimen of (XII) from the total crude piperidino-derivatives prepared from a 
deliberately unpurified sample of the direct dinitration product (II) of 3-bromocymene. 

Conclusion.—3-Chloro- and 3-bromo-p-cymene both undergo dinitration, by the methods 
prescribed in the literature, to give the 2 : 6-dinitro-derivatives. This simple conclusion 
has previously been masked by complications arising from the facile oxidation of the 
isopropyl to the acetyl group. Such a result is entirely in accord with expectations based 
on the electropolar and volume effects of the groups concerned. 


EXPERIMENTAL. 


3-Chloro- and 3-Bromo-p-cymene.—Thymol (100 g.) was mixed with phosphorus penta- 
chloride (50 g.) or with phosphorus tribromide (45 g.) which had previously been treated with 
bromine (26 g.). The mixtures were refluxed for 2 hours and then steam-distilled. The oily 
distillate was extracted in ether, washed, dried over sodium sulphate, and distilled: chloro- 
compound, b. p. 120—122°/20 mm. (20 g.); bromo-compound, b. p. 130°/35 mm. (30 g.). 

Mononitration of 3-Chloro- and 3-Bromo-p-cymene.—The halogeno-hydrocarbons (6 g.) were 
each shaken with nitric acid (d 1-48, 36 g.) below 15° for 3—4 hours. Dilution with water 
gave oily products, which were washed with alkali and water, dried over calcium chloride, and 
distilled ; the chloro-derivative had b. p. 142—150°/13 mm., and the bromo-derivative, b. p. 
210—211°/100 mm. 

The halogenonitro-compounds (4-5 g.) were each heated with piperidine (10 g.) for 30 minutes 
at 100°. On cooling, piperidine hydrohalide (about 0-7 g.) separated. Dilution with water 
produced an oil which was largely soluble in dilute sulphuric acid. From the solution, aqueous 
ammonia liberated the nitropiperidino-p-cymene, which was isolated as a yellow oil, b. p. 
146—148°/32 mm. 

Dinitration of 3-Chlorocymene.—The chlorocymene (20 g.) was added to nitric acid (d 1-5; 
200 g.) below — 5° during 15 minutes, and the solution poured onice. The white solid obtained 
(25 g.) had m. p. 75—80° (Found: C, 43-1; H, 3-4%). Crystallisation from acetic acid (100 
c.c.) gave white needles (20 g.), m. p. 75—80° (Found: C, 44:2; H, 3-8%); from the mother- 
liquor, after heating and admixture with hot water (25 c.c.), 3 g. of the same material, m. p. 
75—80°, were isolated. The whole 23 g., recrystallised from acetic acid (400 c.c.) and water 
(100 c.c.), gave long white needles (8 g.), m. p. 100—103°, and 102-5—103-5° (6-5 g.) after a further 
crystallisation from acetic acid (40 c.c.) (Found: C, 46-3; H, 4-1. Calc. for C,H,,0O,N,Cl: 
C, 46-4; H, 4-25%). The mother-liquor of the 8 g. gave on dilution with water 13 g., m. p. 
79—81° (Found: C, 42-7; H, 3-1%). These were recrystallised from acetic acid (200 c.c.) 
and water (50 c.c.), producing 3-5 g., m. p. 75—80°; the heated filtrate, diluted with hot water, 
gave 6-5 g. of long needles, m. p. 80—83° (unaltered by further crystallisation and giving a 
strong ketonic reaction with o-nitrobenzaldehyde and alkali) (Found: C, 43-0; H, 3-3%). 

In other experiments the crude dinitro-derivative (30 g.) was allowed to crystallise slowly 
from methyl alcohol (120 c.c.) so that a mass of long needles and smaller crystals was produced 
(23 g.). The longest needles, separated by hand-picking, had m. p. 99—101° and, after re- 
crystallisation from acetic acid, 102-5—103-5° (Found: C, 46-3; H, 42%). The smaller 
crystals had m. p. 75—77° (only slightly changed by ordinary crystallisation). 

Dinitration of 3-Bromocymene.—A mixture of nitric acid (d 1-42; 70 c.c.) and concentrated 
sulphuric acid (70 c.c.) was added to 3-bromocymene (14 g.) at such a rate that the temperature 
did not rise above 10°. After $ hour’s shaking, the oil produced solidified. Dilution with ice, 
filtration, washing, and drying then afforded ca. 17 g. of a white solid, m. p. 80—100° (Found : 
C, 36-9; H, 3:1%). Crystallisation of 16 g. of this product from acetic acid (90 c.c.) gave 
white needles (5 g.), m. p. 119—122°, raised by two further crystallisations to 125—126° (2-5 g.) 
(Found: C, 39-7; H, 3-6. Calc. for CyjH,,O,N,Br: C, 39-6; H, 3-6%). Addition of water 
to the mother-liquors of this series of crystallisations produced 2-5 g. of white solid, m. p. 95— 
96° (Found: C, 34-9; H, 2-5%). 

The mother-liquor of the first 5 g. of pure substance above, by treatment with hot water 
and subsequent cooling, yielded stout white needles (8 g.), m. p. 63—95°; this specimen, twice 
recrystallised from acetic acid and once from methyl alcohol, yielded 1-5 g., m. p. 95—96° 





Pe ae a fay o—~s pom ye Ot 


as ee ae OO 





an 


eo<e 


— Dm 








Alkyl Groups in Aromatic Compounds. Part III. 851 


Found: C, 35-0; H, 2:6%). The material precipitated from all the filtrates was dissolved, 
together with the solids, m. p. 95-——-96°, obtained in the previous crystallisations, in much hot 
acetic acid; white needles (0-5 g.), m. p. 120—122° (raised by another crystallisation to 125°) 
were obtained on cooling. 

Piperidino-derivatives.—(a) The chlorodinitrocymene, m. p. 102-5—103-5°, and the bromo- 
dinitrocymene, m. p. 125—-126°, were separately heated with piperidine (5 parts) for 1} hours 
on a steam-bath. Dilution with water gave products, m. p. 112—120° and 110—113°, respec- 
tively, both raised to 123—124° by one crystallisation from alcohol. 2 : 6-Dinitro-3-piperidino- 
p-cymene formed long, pale yellow needles (Found: C, 58-7; H, 6-8; N, 13-9. C,,H,,O,N; 
requires C, 58-6; H, 6-8; N, 13-7%). A mixture with the same weight of 3 : 5-dinitro-2- 
piperidinocymene (m. p. 123—124°; Le Févre, J., 1933, 980) became liquid at 110°. 

(b) The ‘‘ bromodinitrocymene ” of m. p. 95—96° (11 g.) was heated with piperidine (25 
c.c.) at 95° for 4 hours. Dilution produced a substance (11 g.) which formed yellow needles 
(9-5 g.), m. p. 85—90°, on crystallisation from acetic acid (70 c.c.) (Found: C, 56-2; H, 6-0; 
N, 14:0%). This solid, recrystallised four times from acetic acid, gave bright yellow needles 
(1-8 g.), m. p. 123—124° (Found: C, 58-7; H, 68%). A mixed m. p. determination with 
2 : 6-dinitro-3-piperidinocymene (above) proved the identity. Complete precipitation of the 
mother-liquors with water produced a yellow substance, m. p. 95—98°, giving analytical results 
(Found : C, 55-3; H, 6-0%) in better agreement with (XII), which requires C, 54-7; H, 5-5%, 
than with (VIII). 

By an analogous process the lower-melting ‘“‘ chlorodinitrocymene ’’ was transformed into 
a mixture of piperidino-derivatives containing (VIII) in isolable quantity. 

Dinitration of Thymol.—A solution of thymol (10 g.) in acetic acid (100 c.c.) was kept as 
cold as possible without freezing, and treated during 1 hour with nitric acid (20 c.c., d 1-42) 
diluted with acetic acid (50c.c.). Addition of water precipitated an oil which, after solidifying, 
was pressed on a porous plate (m. p. 50—53°; yield, 8 g.) and then crystallised from light 
petroleum, forming yellow-white prisms, m. p. 80—81° (Found: N,11-7. Calc. for C,)H,,0;N, : 
N, 11-5%). Mazzara (Gazzetta, 1890, 20, 141), who prepared the substance by the action of 
dilute nitric acid on thymol, gives m. p. 81°. 

Action of Phosphorus Pentachloride on the Preceding Substance.—The dinitrothymol (20 g.) 
and the pentachloride (40 g.) were gently warmed in a wide-mouthed flask until reaction began 
(110—120°). Dilution with water, washing with soda solution, and dissolution in hot alcohol 
(charcoal) yielded 4 g. of white needles, m. p. 100°, which, reacting with piperidine as described 
above, formed a piperidino-derivative identical (mixed m. p.) with (VIII). 

2-Chloro-4-methylacetophenone (X).—Acetyl chloride (20 g.) was added drop by drop to a 
mechanically stirred mixture of m-chlorotoluene (25 g.) and anhydrous aluminium chloride 
(50 g.) heated under reflux on a steam-bath. After 2 hours, the mass was cooled, shaken with 
dilute hydrochloric acid, and extracted with ether. The extract was washed successively with 
water, aqueous sodium carbonate, and water, dried (calcium chloride), and distilled, giving 
the ketone (20 g.), b. p. 260—262°/760 mm. 

Oxidation. The ketone (5 g.) was added to a mixture of 10% sodium hydroxide solution 
(40 c.c.), water (200 c.c.), and 5% aqueous potassium permanganate (250 c.c.). After 10 hours’ 
boiling, decoloration with sulphur dioxide, and cooling, a white solid, m. p. 228° (after two 
crystallisations from toluene), was obtained. This acid, which appears to be 3-chloro-4-acetyl- 
benzoic acid (Found: C, 54-1; H, 3-3. C,H,O,Cl requires C, 54-4; H, 3-5%), was boiled 
(0-5 g.) with a mixture of 10% sodium hydroxide solution (4 c.c.), water (25 c.c.), and 5% 
potassium permanganate solution (25 c.c.) for 5 hours and gave chloroterephthalic acid, m. p. 
320° (Fileti and Crosa, Joc. cit., give m. p. 300°; Ahrens, Ber., 1886, 19, 1637, records m. p. 
“‘ oberhalb 300° ’’). 

2-Chloro-3 : 5-dinitro-4-methylacetophenone (XI).—2-Chloro-4-methylacetophenone (10 g.) 
was added during } hour to nitric acid (d 1-5, 150 g.) at — 10°. Dilution with ice produced a 
white solid, m. p. 76—80°, which after crystallisation from acetic acid (ca. 20 c.c.) formed white 
needles (4 g.), m. p. 91—92° (Found : C, 39-5; H, 2-1. C,H,O,;N,Cl requires C, 41-7; H, 2-7%). 

Rough determinations of solubility showed that, at 20°, 100 parts of methyl alcohol dissolve 
ca. 3 g. of both (XI) and (IX) and 100 parts of acetic acid dissolve 9—10 parts of (XI) and 
slightly less of (IX). 

The following m. p.’s were observed for mixtures of (IX) and (XI) : 


OE cain 100 67°8 49-5 38 29°8 15-1 
ores 102°5—103°5° 88° 78° 76° 79° 
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3 : 5-Dinitro-2-piperidino-4-methylacetophenone (XII).—The ketone (XI) (1 g.) was gently 
refluxed with piperidine (5 g.) for 4 hour; dilution with water and two crystallisations of the 
product from methyl alcohol gave yellow needles, m. p. 108—109° (Found: C, 54:2; H, 5-2. 
C,,H,,0,;N; requires C, 54-7; H, 5-5%). 

Direct Isolation of (X11) from the Crude Dinitration Product (I1).—The total nitration product 
(12 g., from bromocymene) was heated with piperidine (60 g.) for 2 hours on the steam-bath. 
The substance precipitated by water was crystallised by allowing a solution in hot methyl 
alcohol to cool slowly. The crystals deposited first (60° to 80°), which differed in shape and 
colour from those following, were recrystallised three or four times from methyl alcohol; they 
then had m. p. 108—109° (alone or mixed with XII above) (Found: C, 54-6; H, 5-3. Calc.: 
C, 54:7; H, 55%). 
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183. Volume Effects of Alkyl Groups in Aromatic Compounds. Part IV. 
The Dinitration of 2-Chlorocymene. 


By SAMARENDRA N. GANGULY and R. J. W. LE FEvRE. 


THE dinitration of 2-chloro-p-cymene (I) with cold fuming nitric acid was considered, 
for reasons given in Part I (J., 1933, 977), to give the derivative (II). Lubs and Young 
(J. Ind. Eng. Chem., 1919, 11, 1131), however, have recorded that by using mixed acids 
they obtained (1) a solid, m. p. 108—109°, apparently identical with the chlorodinitrocymene 
(m. p. 109—110°) of Fileti and Crosa (Gazzetta, 1888, 18, 289), to which they assign formula 
(III); (2) a chlorodinitro-compound, C;H,O,N,Cl (sic), m. p. 88—89°; and (3) an oil, 
described as a mixture of these two solids. 


Me Me Me Me 


(Cl NO Cl 
J C5HioN 

Pr8 Pré Pré Pré 
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Cl 1 NO. 
CH wo Bo, XC 


Since their conclusion and experimental results are opposed to our experience of con- 
centrated nitric acid acting alone as nitrating agent, we have re-examined this substitution 
under the conditions prescribed by Lubs and Young, by Fileti and Crosa (loc. cit.), and 
by one of us (loc. cit.). 

The Conditions of Formation and the Constitution of the Compound, m. p. 88—89°.— 
The production of terephthalic acid during Lubs and Young’s experiment led us to suspect 
that the substance, m. p. 88—89°, was an oxidation product. A possible cause of its 
formation was the presence of 3-chlorocymene in the “ 2-chlorocymene”’ of Lubs and 
Young, which was obtained by direct halogenation of cymene from crude spruce turpentine. 
Since 3-chlorocymene is relatively more easily oxidised to the corresponding chloro- 
dinitromethylacetophenone during nitration than is 2-chlorocymene (Ganguly and Le 
Févre, preceding paper), a probable consequence of using the mixed initial material 
indicated would be the isolation of 2-chloro-3 : 5-dinitro-4-methylacetophenone (i.¢., 
the oxidation product of 3-chlorocymene) ; this ketone has m. p. 91—92°. Pure 2-chloro- 
cymene, prepared from recrystallised 2-cymidine hydrochloride by the Sandmeyer reaction 
and subjected as exactly as possible to the conditions used by Lubs and Young, gave none 
of the substance, m. p. 88—89°. 

Since the substance, m. p. 88—-89°, might be the ketone (V), this was synthesised. From 
3-nitro-4-methylacetophenone (Errera, Gazzelfa, 1891, 21, 92), via the amine, 3-chloro-4- 
methylacetophenone (VI) was obtained; this on oxidation with alkaline potassium perman- 
ganate gave 3-chloro-4-methylbenzoic acid (von Gerichten, Ber., 1878, 11, 365) and therefore 
was correctly oriented. Solution of (VI) in cold fuming nitric acid afforded 3-chloro-2 : 6- 
dinitro-4-methylacetophenone (V), m. p. 97—98°, the positions of the nitro-groups being 
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proved by its quantitative transformation into 2 : 6-dinitro-3-piperidino-4-methylaceto- 
phenone (VII). 


Me Me Me Me 


ee Cy oes 


— 
COMe COMe COMe 


Me Me 


NC,H Cl 
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COMe COMe CO,H 
(VII). (V.) 


Lubs and Young state that the substance, m. p. 88—89°, in boiling alcohol gives an 
intense blue colour with a trace of sodium carbonate. In this test, we obtained negative 
results with the pure halogenodinitrocymenes, but blue solutions with the halogenodinitro- 
methylacetophenones described in this and the preceding paper. 

The Constitution of the Compound, m. p. 108—109°.—This substance was prepared, 
from pure 2-chlorocymene, both by the process of Lubs and Young and (better) by 
nitration with fuming nitric acid alone. If it were (III), it should react with hot piperidine 
to form the chloronitropiperidinocymene (IV) (compare Le Févre and Turner, J., 1927, 
1113); instead, it gives 3 : 5-dinitro-2-piperidino-p-cymene (Le Févre, J., 1933, 977) 
quantitatively, and therefore undoubtedly has the constitution (II). 

We cannot explain the o-diamine reactions reported by Lubs and Young for the amine 
prepared from this compound, but would point out that (a) the diamine was not analytically 
pure (they record N, 13-7, 13-5, instead of 14:1%) and (b) of the six qualitative tests 
applied, in only two were solids produced (no analyses or other data for either of these 
are recorded), while of the remaining four, one was a positive, and three were blank, colour 
reactions. 

EXPERIMENTAL. 


2-Cymidine.—2-Nitrocymene (76 g.) was heated under reflux on the water-bath for 10 hours 
with activated iron filings (80 g.), water (250 c.c.), and a little hydrochloric acid or ferric chloride. 
Steam distillation, extraction of the distillate with light petroleum (b. p. 40—60°), drying 
(sodium sulphate), and evaporation of the solvent afforded the base, b. p. 234—238°/750 mm. 
(yield, about 70% of the nitrocymene). 

2-Chloro-p-cymene.—Recrystallised 2-cymidine hydrochloride (43 g.), suspended in 120 c.c. 
of concentrated hydrochloric acid diluted with 80 c.c. of water, was diazotised (sodium nitrite, 
15 g.), and the solution heated for 2 hours with cuprous chloride (from crystallised copper 
sulphate, 120 g., sodium chloride, 60 g., and water, 2 1.) in concentrated hydrochloric acid 
(200 c.c.). 2-Chlorocymene was isolated by steam distillation, dried (calcium chloride), and 
distilled twice, a fraction (26 g.), b. p. 216—218°/762 mm., being collected; dj 1-152, njy° 
1-51776, whence [Rz]p 44-2 (calc., 44-4). 

Dinitration of 2-Chlorocymene.—(a) With fuming nitric acid. The chlorohydrocarbon (5 g.) 
was added to nitric acid (60 g., d 1-5) below 0° during } hour. Dilution with ice and one 
crystallisation of the solid product from acetic acid gave pure 2-chloro-3 : 5-dinitro-p-cymene, 
m. p. 109-5—110-5° (Found : C, 46-6; H, 4-2. Calc.: C, 46-4; H, 4-2%). 

(b) With mixed acids. 2-Chlorocymene (14 g.) was added drop by drop to a mixture of 
sulphuric acid (d 1-8, 24 g.) and oleum (32-5 g., 20% SO,) cooled by ice-salt and mechanically 
stirred. Into the resulting liquor, fuming nitric acid (d 1-5, 12 g.), diluted with concentrated 
sulphuric acid (24 g.) and oleum (32-5 g., 20% SO,), was run so that the temperature did not 
rise above 0°. The acid mixture was poured on ice (300 g.), and the solid separated, washed 
with water, and twice crystallised from dilute acetic acid; it then had m. p. 109-5—110-5° 
(alone or mixed with authentic 2-chloro-3 : 5-dinitrocymene) (Found: C, 46-2; H, 42%). 
The yield (4-7 g.) was considerably lower than that obtained by method (a). 

From the acid solution left after separation of the solid chlorodinitrocymene, ether extracted a 
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thick syrup. This, though left in the ice-chest for a month, gave no solid as described by Lubs 
and Young (/oc. cit.). Further, a piperidino-derivative could not be obtained from it. 

3 : 5-Dinitro-2-piperidinocymene.—The _ chlorodinitro-compounds (m. p. 109-5—110-5°) 
mentioned in the last two sections were heated under reflux with piperidine (5 parts) for 20 
minutes on the steam-bath. Dilution with water and crystallisation from acetic acid gave in 
each case yellow needles, m. p. 122—123° (alone or mixed with an authentic specimen) in yields 
equal to the weights of outgoing materials respectively. 

Synthesis of 3-Chloro-4-methylacetophenone (V1).—4-Methylacetophenone (55 g.) was dissolved 
during 1} hours in nitric acid (d 1-5, 370c.c.) below 0°. Dilution with ice and water to about 
2 1. afforded 3-nitro-4-methylacetophenone (65 g.), m. p. 62° after crystallisation from alcohol 
(300 c.c.), The nitro-derivative (50 g.) was heated on the steam-bath for 5 hours with alcohol 
(150 c.c.), iron filings (51 g.), and concentrated hydrochloric acid (7 c.c.). Cooling, filtration, 
and evaporation then gave 30 g. of the amine, m. p. 79—80° after crystallisation from petroleum. 
3-Amino-4-methylacetophenone hydrochloride (30 g.), obtained by passing hydrogen chloride 
into an alcoholic solution of the base, was submitted to the Sandmeyer reaction. Steam 
distillation of the product gave crystalline 3-chloro-4-methylacetophenone, m. p. 40—43°, 
which was used without further purification for the next step. 

3-Chloro-2 : 6-dinitro-4-methylacetophenone.—The crude halogenohydrocarbon (5 g.) was 
added in } hour to nitric acid (d 1-5, 75 g.) below 0°. Dilution by addition to ice and crystallis- 
ation of the solid product from methyl alcohol (30 c.c.) gave a white crystalline substance (7 g.), 
m. p. 97—98°. This (0-7 g.), when heated with piperidine (2 g.), gave 2 : 6-dinitro-3-piperidino- 
4-methylacetophenone, m. p. 113—114° after crystallisation from acetic acid (Found: C, 54-7; 
H, 5-4. C,4H,,0,;N, requires C, 54-7; H, 5-5%). 

Oxidation of the Ketone (V1).—The ketone (5 g.) was added to a mixture of 10% sodium 
hydroxide solution (40 c.c.), water (200 c.c.), and 5% aqueous potassium permanganate (250 c.c.). 
After 10 hours’ boiling, decoloration with sulphur dioxide, and cooling, a white solid, m. p. 
228° (after two crystallisations from toluene), was obtained which appeared to be 2-chloro-4- 
acetylbenzoic acid (Found: C, 54-1; H, 3-3. C,H,O,Cl requires C, 54-4; H, 3-5%). This acid 
(0-5 g.), treated with a boiling mixture of 10% sodium hydroxide solution (4 c.c., diluted to 
25 c.c. with water) and 5% potassium permanganate solution for 5 hours, gave chloroterephthalic 
acid, m. p. 320° (Fileti and Crosa, Gazzetta, 1888, 18, 313, record m. p. 300°; Ahrens, Ber., 
1886, 19, 1637, gives m. p. “ oberhalb 300° ”’). 
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184. The Reaction of Atomic Hydrogen with Metallic Copper. 
By Francis A. MCMAHON and Percy L. ROBINSON. 


PrIETSCH and JosEPHY (Naturwiss., 1931, 19, 737) found that a surface of metallic copper, 
roughened with emery-paper, became coated with a bluish-white deposit when exposed 
to atomic hydrogen. There was a critical concentration for the success of the reaction 
which they obtained by passing hydrogen through their apparatus at a velocity of about 
11. perhour. Higher concentrations led to the disappearance of the deposit, presumably 
by the heat evolved by the combination of atoms on the surface. (We have actually 
melted the metal thus.) Micro-tests with ammonium hydroxide, sodium hydroxide, and 
potassium thiocyanate indicated that the coated copper gave rise to cupric ions which 
were absent in control experiments on similarly roughened copper foil untreated with 
atomic hydrogen. 

Work on the reduction of aqueous copper sulphate with hypophosphorous acid has 
given materials which have been variously described as CuH by Sieverts (Z. anorg. Chem., 
1909, 64, 29), and as CuH, by Bartlett and Merrill (Amer. J. Sci., 1895, 17, 185), but 
stated by Berthelot (Ann. Chim. Phys., 1898, 14, 203) to contain water, phosphorus, and 
oxygen. On the other hand, Hiittig and Brodkorb’s preparations (Z. anorg. Chem., 1926, 
153, 235) proved to be cuprous, and contained water which could only be diminished below 
that corresponding to CuH,2H,O with some dissociation of the hydride, so that, after 
drying in a vacuum, the preparations had less hydrogen than is required for CuH. Material 
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dried in this way loses hydrogen slowly when heated to about 110°, at which temperature 
the remainder is evolved explosively. In view of the nature of atomic hydrogen, the 
formation of a cupric compound by its action is hardly to be expected, and it is unfortunate 
that the precautions taken to avoid oxidation during the testing operations are not stated. 

We have examined the reaction, and find that the hydride is quite black, and that it 
dissolves in 70% hydrochloric acid to give cuprous ions. Certain incidental observations 
on the action of aqueous ammonia on metallic copper were made. 


The atomic hydrogen was prepared in a discharge tube similar to that used in earlier work 
in this laboratory (Proc. Roy. Soc., 1933, A, 142, 275; this vol., p. 7), but modified so that 
the electrodes can be removed through ground joints, and the tube cleaned and treated with 
phosphoric acid when necessary. After preliminary trials, the apparatus illustrated below was 


x A Y 





Atomic:> 
hydrogen 





G Ff 


incorporated between the discharge tube and the pumping system. A piece of copper foil, 
A, was attached by thin copper wire to the glass rod, B, which was free to move through the 
gland C, constructed with pressure tubing and lubricated with vacuum oil. After being subjected 
to atomic hydrogen at X, the foil was drawn back to Y, and thence it was pushed down the side 
tube D, through the rubber joint E, into F. The tube F contained hydrochloric acid, freed 
from dissolved air, and a sealed bulb containing ammonium hydroxide in excess of the acid 
present. Before each run, F was evacuatec and filled with hydrogen, two or three times, to 
ensure the complete removal of oxygen, after which it was isolated from the system by a screw- 
clip at E. 

It was found that a hydride could be formed on foil roughened with emery-paper, but a 
more reactive surface was obtained by superficially oxidising the copper in air and subsequently 
reducing the oxide film by means of molecular hydrogen. The hydride is preparable only at 
low temperatures, such as were maintained with a hydrogen stream below 0-51. perhour. Faster 
streams not only destroyed the hydride, or prevented its formation, but rendered the prepared 
surface resistant to normal attack. The hydride, when formed in sufficient quantity to overcome 
interference effects, was black. 

After the copper had been coated with hydride, the discharge was stopped, the apparatus 
was filled with hydrogen to atmospheric pressure, the passage into F was opened and the foil 
was submerged in the acid in F. We found 10% hydrochloric acid to be without apparent 
effect on the hydride, and concentrated acid to destroy it with the liberation of bubbles of 
(presumably) hydrogen without, however, dissolving any copper. The hydride proved to be 
soluble in 70% aqueous hydrochloric acid and with this the coated copper was treated for about 
one minute and then withdrawn. The tube F was immediately closed with the screw-clip and 
removed from the apparatus, and the contents were made alkaline with ammonia by breaking 
the bulb G. The solution remained colourless for some time, but developed a blue colour as 
soon as air was admitted. Evidentally the copper was originally present in the cuprous condition, 
and gave rise to cuprous ions which became oxidised on exposure to air. Several repetitions 
of this experiment were attended with identical results, and controls, differing only in the 
absence from them of atomic hydrogen, showed that the ions did not arise from solution of the 
metallic copper. We therefore conclude that the hydride formed is cuprous. 

We found that copper is insoluble in air-free aqueous ammonia, but rapidly soluble in presence 
of air. Moreover, the blue solution of the tetrammine is slowly reduced by the metal in absence 
of air. These reactions are being investigated further. 


UNIVERSITY OF DURHAM, ARMSTRONG COLLEGE, 
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185. The Nitration of Some Aryloxy-2- and -4-methylquinolines. 
Syntheses of Substances having Possible Antimalarial Action. 


By RutH M. Murray and E. E. TuRNER. 


THE antimalarial properties of the cinchona alkaloids and of such substances as “ plasmo- 
chin” appear to be connected with the presence in the molecule of two discrete basic 
centres. We have therefore prepared, for examination: by the Chemotherapy Committee 
of the Medical Research Council, some amino- and other derivatives of 2-phenoxy-4- 
methylquinoline and of 4-phenoxy-2-methylquinoline, and the investigation has been 
extended to obtain information as to the orienting effect of the corresponding methy]l- 
quinolinoxyl radicals. 

2-Chloro-4-methylquinoline reacts readily with potassium phenoxide to give 2-phenoxy- 
4-methylquinoline. The latter substance when mononitrated, gives, as the main product, 
2-(4'-nitrophenoxy)-4-methylquinoline, the constitution of which follows from the fact that 
piperidine scission gives 2-hydroxy-4-methylquinoline and 4-nitrophenylpiperidine. 

2-p-Tolyloxy-4-methylquinoline undergoes trinitration under conditions approximately 
similar to those which convert 2-phenyl-4-methylquinoline into the mononitro-compound. 
Mononitration of the tolyloxy-compound could only be effected by using potassium nitrate 
and excess of concentrated sulphuric acid, and gave 2-(3’-nitro-4'-methylphenoxy)-4-methyl- 
quinoline (I), as was shown by synthesis (a) of (I) from 2-chloro-4-methylquinoline and 
potassium 2-nitro-p-tolyloxide, and (b) of the isomeric 2-(2’-nitvo-4'-methylphenoxy)-4- 
methylquinoline, 


Me Me 
NO, NO —O—K Me 
o—< Me No 
2 
N + NH 
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(I.) (II.) (III.) 


This result is of some interest, for, although the effective deactivating influence is the 
group-ion (II), it must be remembered that 2 : 4-dinitro-4’-methyldiphenyl ether (III), 
in which powerful deactivating groups are present, undergoes not 3’- but 2’-nitration 
(Fox and Turner, J., 1930, 1853). It seems probable that the formation of (I) is not due 
simply to the depression of the electromeric activity of the ether oxygen atom. The result 
suggests that oxonium salt-formation may be the responsible factor. 

Further nitration of (I) gives 2-(2’ : 5’-dinitro-4'-methylphenoxy)-4-methylquinoline, 
the constitution of which rests on three observations: (a) the dinitro-compound was 
produced from the mononitro-compound without the use of concentrated sulphuric acid ; 
(5) the corresponding diamino-compound could be diazotised, suggesting a p- rather than 
an o-diamine; and (c) the dinitro-compound was very readily converted by piperidine 
into a dinitropiperidinotoluene. 2-(3’ : 5’-Dinitro-4’-methylphenoxy)-4-methylquinoline 
would be unaffected by piperidine, whilst in the corresponding 2’ : 3’-dinitro-compound 
decreased activating effect of the nitro-groups would be expected. 

The trinitro-derivative of 2-p-tolyloxy-4-methylquinoline is probably the 2’: 3’ : 5’- 
compound, since mononitration of the 2-f-tolyloxy-compound in nitric acid alone would 
be expected to give the 2’-nitro-compound. The trinitro-compound is unaffected by 
piperidine, even at high temperatures, and therefore cannot contain nitro-groups in both 
the 2’- and the 6’-position, although the non-reactivity in this sense would be compatible 
with the presence of three nitro-groups in positions 2’, 3’, and 5’. Thus, 4-bromo-2 : 2’ : 3’- 
trinitro-4’-methyldiphenyl ether reacts with piperidine to give 4-bromo-2-nitrophenyl- 
piperidine and 2 : 3-dinitro-p-cresol, showing that activation produced by the isolated 
nitro-group is effective and that produced by the nitro-group which is di-ortho-substituted 
is ineffective. 

2-(4’-Methoxyphenoxy)- and 2-(4'-ethoxyphenoxy)-4-methylquinoline undergo 3’-mono- 
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nitration, as is shown by the fact that the products are converted by aqueous-alcoholic 
ammonia at 175° into 2-(3’-nitro-4'-aminophenoxy)-4-methylquinoline. 

The deactivating influence of the 4-methyl-2-quinoliniumoxyl ion-group is also shown 
by the observation that, although the 3’-amino-derivatives of the above tolyloxy-, 
anisyloxy-, and phenetyloxy-bases condense normally with acetylacetone, none of the 
anils formed undergoes the Combes ring-closure in the presence of concentrated sulphuric 
acid. These cyclisations are, of course, also hindered by the 4’-substituents (Me, OMe, 
OEt). The anil obtained from 2-(3’-aminophenoxy)-4-methylquinoline and acetylacetone 
passes readily into 5 or 7-(4’-methyl-2'-quinolinoxy)-2 : 4-dimethylquinoline under standard 
conditions, as would be anticipated. 

4-p-Tolyloxy-2-methylquinoline, formed from 4-chloro-2-methylquinoline and potassium 
p-tolyloxide, like its 2-4-analogue, is mononitrated in position 3’ under similar conditions, 
showing that the proximity in space of the ring nitrogen and the ether oxygen is not 
responsible for the 3’-nitration. The 4-(3’-nitro-4'-methylphenoxy)- and 4-(2'-nitro-4'- 
methylphenoxy)-2-methylquinolines required for proving the constitution of the above 
nitration product were more readily prepared from the appropriate nitrocresol (and 
4-chloroquinaldine) than were the analogous compounds in the lepidine series. 

Nitration of 4-(4'-methoxyphenoxy)-2-methylquinoline gave the 3’-nitro-compound. 

As in the lepidine series, attempted preparation of diquinolyl ethers by the Combes 
reaction with the amines obtained by reducing the mononitration products of 4-phenoxy-, 
4-(4’-methoxyphenoxy)-, and 4-(p-tolyloxy)-2-methylquinoline failed, but 4-(3’-aminophenoxy)- 
2-methylquinoline readily gave 5 or 7-(2’-methyl-4'-quinolinoxy)-2 : 4-dimethylquinoline. 


EXPERIMENTAL. 


2-Phenoxy-4-methylquinoline.—Potassium hydroxide (85% KOH) (11 g.) was fused in presence 
of a few drops of water, 28 g. of phenol added as soon as the cooling alkali began to crystallise, 
and then 18 g. of 2-chloro-4-methylquinoline. The mixture was heated for 2 hours in a bath at 
190°, excess of dilute sodium hydroxide solution added, and the whole shaken and cooled until 
a crystalline meal separated. This, recrystallised from alcohol or light petroleum (b. p. 40—60°), 
gave white leaflets, m. p. 51° (17 g.; 76% yield) (Found: N, 6-05. C,,H,,ON requires N, 
5-9%). A similar procedure was adopted for the preparation of the other simple aryl quinolyl 
ethers described below. The phenoxymethylquinoline was recovered unchanged after being 
heated at 195° with excess of piperidine for 6 hours. 

The methiodide, obtained by heating the components in a sealed tube at 100° for an hour, 
crystallised from methyl alcohol in scarlet prisms, m. p. 200—210°. Recrystallisation from 
water gave sulphur-yellow prisms, m. p. 220° (decomp.) (Found : I, 34-7. C,,H,gONI requires 
I, 35-1%). 

2-(4'-Nitrophenoxy)-4-methylquinoline.—Phenoxymethylquinoline (1 g.) was added to a 
mixture (at 20°) of 20 c.c. of nitric acid (d 1-5) and 50 c.c. of glacial acetic acid. After 5 minutes 
the solution was heated at 50° for 5 minutes, cooled, and poured into much water. The precipitate 
cystallised from alcohol in pale yellow needles, m. p. 140—141° (corr.). Recrystallisation from 
benzere—light petroleum (b. p. 40—60) gave colourless needles, m. p. 141—142° (corr.), which 
became pale yellow on keeping (yield, 85%) (Found: N, 10-2. C,,H,,0O,N, requires N, 10-0%). 
Attempted nitration of phenoxylepidine in concentrated sulphuric acid solution led to 
sulphonation. 

The nitro-compound is not rapidly attacked by piperidine, from which it may readily be 
crystallised. Scission was effected by heating 2 g. of the nitro-compound with 5 c.c. of piperidine 
for 3 hours at 170—180° in a sealed tube. On cooling, 2-hydroxy-4-methylquinoline separated 
(m. p. and mixed m. p. 220°). The mother-liquor was poured into dilute acetic acid, and the 
precipitate collected and crystallised from alcohol. The p-nitrophenylpiperidine had m. p., 
and mixed m. p. 105°. 

2-(4'-A minophenoxy)-4-methylquinoline, obtained by reducing the nitro-compound with 
iron filings, alcohol, and a trace of hydrochloric acid, separated from alcohol in pale brown prisms, 
m. p. 135° (73% yield) (Found: N, 11-3. C,,H,,ON, requires N, 11-2%). The other amino- 
bases described below were obtained by a similar process, unless it is stated to the contrary. 
The base condensed with acetylacetone during 2 hours’ boiling; the ani/ crystallised from 
light petroleum (b. p. 80—100°) in yellow plates, m. p. 109° (yield, 70%) (Found: N, 8-9. 

3K 
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C,,H,O,N, requires N, 8-7%). When a solution of the anil in concentrated sulphuric acid was 
heated at 100° for 2 hours, hydrolysis, not ring closure, took place (amino-compound isolated, 
m. p. 135°). 

2-(3’-Nitrophenoxy)-4-methylquinoline.—Potassium hydroxide (85% KOH) (7 g.) was fused 
in the presence of a larger quantity of water, viz., 5 c.c., than was used in the preparation of the 
nitro-free ethers. m-Nitrophenol (18 g.) and water (in all 15 c.c.) were added in small portions, 
and then 18 g. of 2-chlorolepidine. The mixture was heated for 5 hours at 170—180°, treated 
with dilute alkali solution, cooled, and filtered. The solid, freed from chlorolepidine by steam 
distillation from excess of alkali, crystallised from alcohol in needles (10 g.), m. p. 152° (Found : 
C, 68-5; H, 4-6. C,,H,,O,N, requires C, 68-5; H, 4:6%). 

2-(3’-A minophenoxy)-4-methylquinoline formed buff prisms from alcohol, m. p. 170—171° 
(Found : C, 76-6; H, 5-9. C,.H,,ON, requires C, 76-7; H, 5-6%). 

The anil formed by heating the base with acetylacetone crystallised from light petroleum 
(b. p. 80—100°) in small needles, m. p. 81° (Found: N, 8-8. Calc. : N, 8-7%). 

5 or 7-(4'-Methyl-2'-quinolinoxy)-2 : 4-dimethylquinoline.—A solution of the anil in 12 parts 
of cold concentrated sulphuric acid was heated at 100° for 40 minutes and then poured into 
water. Addition of ammonia and warming gave a solid precipitate, which crystallised from 
alcohol in hexagonal plates, m. p. 173° (Found : C, 80-2; H, 5-95. C,,H,,ON, requires C, 80-3; 
H, 5-9%). 

2-(p-Tolyloxy)-4-methylquinoline, obtained from 2-chlorolepidine and potassium p-tolyloxide, 
crystallised from methyl or ethyl alcohol or from light petroleum (b. p. 40—60°) in needles, 
m. p. 60° (Found: N, 5-8. C,,H,,ON requires N, 5-6%). The methicdide, crystallised from 
alcohol and then from water, formed pale yellow prisms, m. p. 197—198° (decomp.) (Found : 
I, 32-0. C,,H,,ONI requires I, 32-5%). 

2-(3’-Nitro-4'-methylphenoxy)-4-methylquinoline.—(a) 2-(p-Tolyloxy)lepidine (10 g.) was 
dissolved in 50 g. of concentrated sulphuric acid and cooled to — 5°, and a solution of 4 g. of 
potassium nitrate in 50 g. of concentrated sulphuric acid added with stirring, the temperature 
being kept below — 5°. The solution was poured on ice and after some time the resulting 
solid was collected ; it crystallised from alcohol in pale yellow needles, m. p. 121° (Found : N, 9-5. 
C,,H,,0,N, requires N, 9-5%). 

(b) A mixture, prepared normally, of 8 g. of 2-chlorolepidine, 8 g. of 2-nitro-p-cresol, 3-5 g. 
of 85% potassium hydroxide, and 10 c.c. of water was heated at 140° for 2 hours. The nitro- 
compound obtained melted, alone or mixed with the product from (a), at 121°. The 3’-nitro- 
compound was unaffected by prolonged heating with piperidine at 160°. 

2-(2’-Nitro-4'-methylphenoxy)-4-methylquinoline, prepared similarly to (b), crystallised from 
alcohol in pale yellow, hexagonal plates, m. p. 148°. A mixture with the product from (a) above 
melted at 100—115° (Found : C, 69-8; H, 4-8; N, 9-9. C,,H,,0O,;N, requires C, 69-8; H, 4-2; 
N, 9-6%). 

The 2’-nitro-compound was unaffected by a short heating with piperidine, whilst at 160° 
a gum was formed from which no definite substance could be isolated. 

2-(2’ : 5'-Dinitro-4'-methylphenoxy)-4-methylquinoline.—A solution of 2-(3’-nitro-4’-methyl- 
phenoxy)-4-methylquinoline in 30 parts of nitric acid (d 1-5) at 20° was heated at 60—70° 
for 20 minutes and poured into water, and ammonia added. The precipitate crystallised from 
alcohol in pale yellow needles, m. p. 186° (Found: N, 12-6. C,,H,,0;N; requires N, 12-4%). 

A solution of the dinitro-compound in piperidine was boiled for a short time. Yellow needles 
separated on cooling. Hot dilute alkali solution was added to dissolve 2-hydroxylepidine, and 
the solid was crystallised from alcohol, yellow needles of 2 : 5-dinitro-4-methylphenylpiperidine, 
m. p. 166—167°, being obtained (Found: N, 15-7. C,,H,,O,N; requires N, 15-7%). 

2-(2’ : 5’-Diamino-4'-methylphenoxy)-4-methylquinoline, obtained from the dinitro-compound, 
separated from alcohol as a brownish powder, m. p. 204° (Found : N, 15-1. C,,H,,ON, requires 
N, 15-1%). 

2-(3’-A mino-4'-methylphenoxy)-4-methylquinoline, obtained by reducing the 3’-nitro-com- 
pound, crystallised from alcohol in small stout prisms, m. p. 174° (Found : N, 10-7. C,,H,,ON, 
requires N, 10-6%). 

The base condensed readily with boiling acetylacetone; the ani] formed small needles, 
m. p. 139—140°, from alcohol or light petroleum (b. p. 80—100°) (Found: N, 8-7. C,,H,,O,N, 
requires N, 8-6%). Concentrated sulphuric acid converted the anil into the parent amino- 
compound. 

2-(2’ : 3’ : 5’ ?-Trinitro-4'-methylphenoxy)-4-methylquinoline.—When 2-p-tolyloxy-4-methyl- 
quinoline was dissolved in a mixture of 10 parts of nitric acid (d 1-5) and 10 parts of glacial 
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acetic acid, the product formed depended largely on the temperature. From — 5° to 15°, 
the nitrate of the base was sometimes formed, and in addition dinitrocresols and 2-hydroxy- 
lepidine. When the temperature was allowed to rise to 50° for a few minutes, and the solution 
poured into water, the érinitro-compound separated. After crystallisation from alcohol, it 
had m. p. 315° (Found: N, 14-7. C,,H,,0O,N, requires N, 14-6%). The trinitro-compound 
was also the main product when the base was added to 3—5 parts of nitric acid (d 1-5) at — 10° 
or at 0°. 

No variation of the conditions of nitration led to a mono- or a dinitro-compound. 

2-(4’-Methoxyphenoxy)-4-methylquinoline, obtained from quinol methyl ether (yield 94%), 
crystallised from alcohol in prisms, m. p. 103° (corr.) (Found: N, 5-3. C,,H,;0,N requires 
N, 5:3%). The methiodide crystallised from alcohol in golden rhombs, m. p. 182° (corr. : decomp.) 
(Found : I, 31-2. C,,H,,O,NI requires I, 31-2%). 

2-(3’-Nitro-4'-methoxyphenoxy)-4-methylquinoline.—The anisyloxy-base (5 g.) was gradually 
added to a mixture of 50 c.c. each of glacial acetic acid and nitric acid (d 1-5). The solution 
was heated at 50° for 10 minutes and poured into much water. The precipitate obtained 
crystallised from alcohol in pale yellow needles, m. p. 112—113° (corr.) (yield, 99%) (Found : 
N, 9-2. C,,H,,0,N, requires N, 9-0%). 

2-(3’-Nitro-4'-aminophenoxy)-4-methylquinoline.—The last-named nitro-compound (2-3 g.) 
was heated in a sealed tube at 170—180° for 3 hours with 6 c.c. each of aqueous ammonia 
(d 0-880) and absolute alcohol. The cooled tube contained a brown solid, which was dissolved 
in dilute hydrochloric acid. The filtered solution was treated with dilute aqueous ammonia, 
and the solid crystallised three times from alcohol, orange needles, m. p. 156° (softening at 154°), 
being obtained (Found: N, 14-0. C,,H,,0,N; requires N, 14-2%). 

2-(3’-A mino-4'-methoxyphenoxy)-4-methylquinoline formed stout prisms, m. p. 138—139° 
(corr.), from alcohol (Found: N, 10-1. C,,H,,O,N, requires N, 10-0%). The salicylidene 
derivative formed orange prisms, m. p. 127—128°, from methyl alcohol (Found: N, 7:3. 
C,,HgO,N, requires N, 7-3%). 

The amino-compound and acetylacetone gave the anil, which separated from light petroleum 
(b. p. 80—100°) in brownish prisms, m. p. 115—116° (Found: N, 7-95. C,,H,.O;N, requires 
N, 7-7%). Concentrated sulphuric acid converted the anil into the parent amino-compound. 

2-(4’-Ethoxyphenoxy)-4-methylquinoline was obtained in 75% yield from quinol ethyl] ether; 
it crystallised from alcohol or from light petroleum (b. p. 40—60°) in !ong prisms, m. p. 90—91° 
(Found : N, 5-1. C,,H,,0,N requires N, 5-05%). The methiodide formed yellow needles from 
alcohol or water, softening at 181°, m. p. 185—186° (decomp.) (Found: I, 29-6. C,gH,,O,NI 
requires I, 30-1%). 

2-(3'-Nitro-4'-ethoxyphenoxy)-4-methylquinoline.—A solution of the phenetoxy-base (1 g.) 
in a mixture of 20 c.c. each of nitric acid (d 1-5) and glacial acetic acid was warmed at 50° 
for 5 minutes, cooled, and poured into water. The precipitate (yield, 80%) crystallised from 
alcohol in aggregates of needles or in hexagonal prisms, m. p. 120—121°. Recrystallisation 
from light petroleum (b. p. 80—100°) gave twinned hexagonal plates, m. p. 121° (Found : 
N, 8-7. C,,H,,0,N, requires N, 8-6%). 

Alcoholic ammonia in a sealed tube at 170—180° converted the nitro-compound into 2-(3’- 
nitro-4’-aminophenoxy)-4-methylquinoline, m. p. 156°, a mixture with the nitroamine compound 
obtained from the anisoxy-compound melting at 156°. 

2-(3’-A mino-4'-ethoxyphenoxy)-4-methylquinoline formed brownish plates, m. p. 130—131°, 
from alcohol (Found: N, 9-7. C,,H,,O,N, requires N, 9-5%). 

4-Phenoxy-2-methylquinoline, prisms from light petroleum (b. p. 40—60°), melted at 73° 
(Found : N, 5-85%). The methiodide, orange-red needles from alcohol or water, had m. p. 210° 
(decomp.) (Found: I, 33-3%). 

4-(4'-Nitrophenoxy)-2-methylquinoline.—A solution of phenoxyquinaldine (5 g.) in a mixture 
of 100 c.c. of nitric acid (d 1-5) and 50 c.c. of glacial acetic acid was heated at 50° for 15 minutes 
and poured into water. A pale yellow nitrate which separated was decomposed with aqueous 
ammonia, The nitro-compound crystallised from alcohol in long yellow prisms, m. p. 177° 
(Found: N, 10°0%). Heated with piperidine for 3 hours in a sealed tube at 170—180°, it 
yielded 4-nitrophenylpiperidine, m. p. and mixed m. p. 105°. 

4-(4'-A minophenoxy)-2-methylquinoline, a brown crystalline powder from alcohol, had 
m. p. 168° (Found: N, 10-6%). 

4-(3'-Nitrophenoxy)-2-methylquinoline was obtained in 65% yield from 4-chloroquinaldine, 
potassium hydroxide, and m-nitrophenol; it separated from alcohol in pale yellow prisms, 
m. p. 135—136° (Found : N, 10-5%). 
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4-(3'-Aminophenoxy)-2-methylquinoline, brownish prisms, m. p. 101—102°, from alcohol 
(Found: N, 10-9%), reacted normally with acetylacetone. The crude anil was converted 
by concentrated sulphuric acid into 5 or 7-(2'-methyl-4'-quinolinoxy)-2 : 4-dimethylquinoline, 
which formed thin hexagonal plates, m. p. 194—195°, from alcohol (Found : N, 8-8%). 

4-(4'-Methylphenoxy)-2-methylquinoline, obtained in 55% yield from #-cresol, crystallised 
from light petroleum (b. p. 40—60°) in plates, m. p. 89—90° (Found : N, 5-6%). The methiodide, 
bronze prisms from water, softened at 204° and melted at 207—-208° (decomp.) (Found : I, 
32-7%). 

4-(3’-Nitro-4'-methylphenoxy)-2-methylquinoline.—(a) The tolyloxyquinaldine (5 g.) was 
dissolved in 25 g. of concentrated sulphuric acid and slowly treated (below — 5° with stirring) 
with a solution of 2 g. of potassium nitrate in 25 g. of concentrated sulphuric acid. After 20 
minutes the solution was poured on ice. The sulphate precipitated was decomposed with 
aqueous ammonia; the nitro-base crystallised from alcohol in pale yellow needles, m. p. 163° 
(Found : N, 9-7%). 

(b) 4-Chloro-2-methylquinoline was condensed with 2-nitro-p-cresol in the presence of 
potassium hydroxide solution. The product had m. p. 161°; a mixture with the product from 
(a) melted at 160—162°. 

4-(2’-Nitro-4'-methylphenoxy)-2-methylquinoline, from 3-nitro-p-cresol, crystallised from 
alcohol in pale yellow needles, m. p. 184—135° (Found : N, 9-6%). A mixture with the 3’-nitro- 
compound (a) meited at 116—122°. 

4-(3’-A mino-4'-methylphenoxy)-2-methylquinoline formed prisms, m. p. 98—99°, from alcohol 
(Found: N, 10-9%). 

4-(4'-Methoxyphenoxy)-2-methylquinoline, from quinol methyl] ether, crystallised from alcohol 
in prisms, m. p. 168° (Found: N, 5-3%). The methiodide crystallised from water in prisms, 
m. p. 225—226° (decomp.; softening at 223°) (Found : I, 31-6%). 

4-(3’-Nitro-4'-methoxyphenoxy)-2-methylquinoline.—The anisoxy-base (5 g.) was dissolved 
in a mixture of 50 c.c. each of nitric acid (d 1-5) and glacial acetic acid at 20°. The temperature 
rose to 28° and was caused to rise to 50° during 15 minutes. The solution was poured into water, 
the separated nitrate decomposed with aqueous ammonia, and the nitro-base crystallised from 
alcohol, forming pale yellow needles, m. p. 205—206° (Found: N, 9-0%). When the nitro- 
compound was heated with alcoholic ammonia at 170°, a nitroamine was obtained. The presence 
of the amino-group was shown by diazotisation, but the base could not be obtained pure. 

4-(3’-A mino-4'-methoxyphenoxy)-2-methylquinoline, small plates from alcohol, melted at 
171—172° (Found: N, 10-2%). 
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186. The Organic Compounds of Gold. Part III. Monoethyldibromo- 
gold (Monoethylgold Dibromide). 


By ABRAHAM BurRAwoy and CHARLES S. GIBSON. 


A MORE costly but much more convenient method than that already indicated (J., 1931, 
2407) is described for the preparation of diethylmonobromogold * from ethylmagnesium 
bromide and pyridinotrichlorogold or pyridinotribromogold ; the use of pyridinotrichloro- 
gold is to be preferred on account of the ease with which it is prepared. 

The constitution (I) of diethylmonobromogold previously suggested has been confirmed. 
Its molecular weight in freezing bromoiorm is the same as that in benzene. Its non-salt-like 
character is again emphasised and the pure compound is a comparatively stable substance, 
although it darkens very slowly on exposure to light and decomposes at or immediately 
above its melting point. When treated with aqueous ethylenediamine, followed by an 

* In previous papers of this series, the compound has been named “ diethylgold bromide.’’ Since, 
like the compound described in the present paper, it is not a salt, the name “ diethylmonobromogold ”’ 
is preferable. 
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excess of silver nitrate and moderately concentrated nitric acid, it is unaffected; the 
nitric acid merely liberates the compound unchanged from its co-ordination compound 
with ethylenediamine, the result being that bromine ions are not present in the final 
solution, the silver nitrate is unaffected, and the insoluble diethylmonobromogold is 
recovered quantitatively by extraction with ligroin. 


Et, /BIN put Et. JBI put Bry /BIy Wom 
\ 
Et 


Au Au Au u Au A 
Et” ‘Br’ Et Br Br’ Br Br’ “Br” 
(I.) (II.) (IIT.) 


The product of the reaction between one molecular proportion of diethylmonobromogold 
and rather less than two molecular proportions of bromine in chloroform solution was 
described by Pope and Gibson (J., 1907, 91, 2064) as monoethylauric dibromide, 
(C,H;)Br,Au; it is now named “ monoethyldibromogold.” Using precisely the same 
method, Kharasch and Isbell (J. Amer. Chem. Soc., 1931, 58, 2712) repeated the preparation 
of the compound, but did not record any analytical figures and, unfortunately, gave 
incorrect descriptions of its properties and reactions (see p. 862). 

The compound is more conveniently prepared from the reactants in carbon tetrachloride 
solution, in which it is less soluble than in chloroform and from which it crystallises readily. 
It is only necessary to wash the product with a little pure carbon tetrachloride, in which 
diethylmonobromogold is very soluble, to obtain it chemically pure. Gold and bromine 
determinations confirm the above empirical formula, and the molecular weight of the 
compound in freezing bromoform shows that its composition is [Au(C,H;)Brg],. Since 
the compound is formed by the replacement of two ethyl groups in diethylmonobromogold 
by bromine atoms, its constitution is either (II) or (III), of which (II) implies the possibility 
of cis- and tvans-isomerism. 

Monoethyldibromogold is less stable than would appear from Pope and Gibson’s 
description. It remains unchanged for about three days in clean glass-stoppered vessels, 
or in open vessels if dust is excluded, either in darkness or in light; decomposition then 
begins, and more rapidly if the temperature is a few degrees above the normal. Under 
ordinary conditions, the change in appearance is hardly appreciable, but microanalysis 
indicates a high gold and a low bromine content. All the experiments, therefore, had to 
be carried out on freshly prepared specimens, and this is implied throughout the paper. 

The decomposition was investigated quantitatively at the ordinary temperature and at 
80—85° : ethyl bromide only was given off, and pure aurous bromide remained unless the 
decomposition temperature was so high that it decomposed. Typical experiments, described 
on p. 863, show that the decomposition is quantitatively represented by the equation 


[Au(C,H,)Brs], = 2AuBr + 2C,H,Br 


(Incidentally, this affords a satisfactory method for preparing pure aurous bromide.) 
The decomposition of monoethyldibromogold can be explained by constitution (III), 
but more easily by constitution (II). 

Monoethyldibromogold is slightly soluble in carbon tetrachloride and more soluble in 
chloroform and tetrachloroethane, forming purple solutions. The immediate production 
of this colour when a colourless solution of diethylmonobromogold containing gold tri- 
bromide in suspension is stirred is evidence of the formation of monoethyldibromogold 
under these conditions. The amount of the compound formed at once is, however, small 
on account of the low solubility of gold tribromide. The solubility in bromoform is adequate 
for molecular-weight determinations at the freezing point; the solution is deep red. The 
solutions of the compound in the above solvents are stable at the ordinary temperature 
for some time, but ultimately deposit a yellowish precipitate (aurous bromide —-+> gold). 

In ether, alcohol, acetone, and ligroin (b. p. 60—80°) monoethyldibromogold rapidly 
decomposes, aurous bromide and/or gold being precipitated, and from the solutions diethyl- 
monobromogold (m. p. 58—60°, decomp.) is recovered. The decomposition in ligroin 
(b. p. below 40°) is slower but similar. Generally, monoethyldibromogold is decomposed 
by solvents which are comparatively readily brominated or oxidised; in all these cases 
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diethylmonobromogold is recovered and the bromination or oxidation of the solvent is 
due to the action upon it of the gold tribromide. 

Monoethyldibromogold does not dissolve in benzene as described by Kharasch and 
Isbell (loc. cit.); the benzene is at first coloured red, this colour rapidly disappears, and 
a brownish precipitate of aurous bromide and/or gold is formed. The solution contains 
diethylmonobromogold and brominated benzene: this behaviour is exactly similar to 
that of the compound towards ligroin, ether, etc. Similarly, monoethyldibromogold does 
not dissolve in olive oil: the latter remains colourless, but an insoluble residue similar, 
to that obtained with benzene remains. There is no evidence of the direct addition of the 
gold complex at the double bond as suggested by Kharasch and Isbell, but only of ordinary 
bromination by gold tribromide accompanied by reduction of the latter. 

When monoethyldibromogold is treated with an aqueous solution of potassium bromide, 
a solution of potassium bromoaurate is obtained and diethylmonobromogold is produced 
as a colourless crystalline precipitate. Its behaviour towards an aqueous solution of 
sodium chloride is exactly similar and not as described by Kharasch and Isbell, who stated 
that the compound dissolved completely and also assumed that complexes of the chloro- 
aurate type are produced. Monoethyldibromogold is very slowly attacked by water; 
on long standing, the latter becomes red and a brownish precipitate (aurous bromide and 
diethylmonobromogold) remains, the obvious changes taking place (compare Kharasch 
and Isbell, Joc. cit.). Apart from the simultaneous production of a colourless precipitate 
of diethylmonobromogold, the behaviour of the compound towards water is exactly similar 
to that of gold tribromide, which is slow but definite. It is considered important to avoid 
such substances as ligroin, water, and alcohol, as used by Kharasch and Isbell in the isolation 
of monoethyldibromogold, for the reasons stated above. 

Co-ordination compounds of the type [(C,H,;)BrAuQ]Br, where Q represents a diamine, 
have not been obtained. When monoethyldibromogold is treated rapidly with aqueous 
ethylenediamine, bisethylenediaminogold tribromide, [Au en,]Br, (Gibson and Colles, J., 
1931, 2410), and ethylenediaminodiethylgold bromide, [AuEt,en]Br (Gibson and Simonsen, 
J., 1930, 2531), are obtained. 

Although no derivative of monoethyldibromogold has been obtained, sufficient evidence 
now exists that it is a chemical individual. Constitution (III), indicating a compound formed 
from and easily split up into gold tribromide and diethylmonobromogold, is in keeping with 
its behaviour towards easily brominated or oxidisable organic solvents, towards water and 
aqueous solutions of sodium chloride and potassium bromide, and towards ethylenediamine. 
The fact that the colour of the compound is not very different from that of gold tribromide 
is additional, if only slight, evidence in favour of constitution (III), which indicates the 
presence of a gold atom attached to four bromine atoms, to three by ordinary co-valencies 
and to one by a co-ordinate link; in the molecule of gold tribromide there are two such 
gold atoms.* Although the major portion of the evidence now available is in favour of 
constitution (III), constitution (II) is not impossible and it is probable that the configuration 
of the compound cannot be determined by purely chemical methods. The dipole moment 
of the compound compared with that of diethylmonobromogold might elucidate the 
structure, but monoethyldibromogold has too small a solubility in a suitable solvent 
(carbon tetrachloride) to permit of its determination. 


EXPERIMENTAL. 


Modified Preparation of Diethylmonobromogold.—(i) From pyridinotrichlorogold. A solution 
of fine gold in aqua regia is freed from volatile acid by evaporation, diluted, treated with excess 


* The results (to be described later) of a detailed investigation of the gold bromides indicate that 
(1) gold tribromide has a molecular weight in boiling bromine indicating the formula [AuBr;,], and 


Be yey ye 
therefore its constitution is probably pea Au , and (2) the ammino-derivative of mono- 
Br \Br’ Br 


ethyldibromogold referred to by Pope and Gibson was probably “a variety of fulminating gold ”’ 
produced by the action of an aqueous solution of ammonia on the gold tribromide portion of monoethyl- 


dibromogold. 
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of calcium carbonate, and filtered. To the diluted stirred filtrate, pyridine is added until 
no further yellow precipitate is formed; this is washed with water by decantation and dried 
over phosphoric oxide in a vacuum. To a mechanically stirred suspension of the pyridinotri- 
chlorogold (19 g.) in dry pyridine (200 c.c.), a filtered solution of ethylmagnesium bromide 
[prepared from magnesium (2-7 g.; 2-2 mols.), ethyl bromide (11-9 g.), and ether (45 c.c.)] 
is added drop by drop during 8—10 minutes, the mixture being cooled in a freezing mixture. 
Water at 0° (100 c.c.) is immediately added, followed by ligroin (b. p. 60—80°; 300 c.c.), and 
then hydrobromic acid (d 1-49; 300 c.c.) at such a rate that the temperature does not rise above 
40°. The mixed liquids are filtered from precipitated gold and a little unchanged pyridinotri- 
chlorogold. The ligroin solution is separated after shaking, washed with water, and treated 
with ethylenediamine until no further colourless precipitate is formed (usually three extractions) ; 
the precipitate is removed each time by extraction in water. The filtered aqueous solution of 
the ethylenediamine compound is made just acid with hydrobromic acid, and the colourless 
crystalline diethylmonobromogold filtered off, washed with water, and dried over phosphoric 
oxide; yield 3-3 g. (20%). 

(ii) From pyridinotribromogold. This compound (40 g.), suspended in dry pyridine (200 c.c.), 
is treated with a filtered solution of ethylmagnesium bromide [prepared from magnesium 
(4:3 g.; 2-2 mols.), ethyl bromide (18-6 g.), and ether (50 c.c.)] in a similar manner, and the 
product isolated under the same conditions. As many as ten extractions with ligroin may be 
necessary ; yield, 4-8 g. (18-5%). 

The product obtained in (i) and (ii) was completely identified, m. p. 58—60° (decomp.). 
Its molecular weight in freezing bromoform (m. p. 7-6°; A 144) was 652, 679 (calc. for [AuEt,Br],, 
672) (compare Gibson and Simonsen, Joc. cit.). 

Monoethyldibromogold (compare Pope and Gibson, /oc. cit.).—To a filtered solution of diethyl- 
monobromogold (2-92 g.) in carbon tetrachloride (15 c.c.) a solution of bromine in carbon 
tetrachloride (1-56N, 11-0 c.c.; theo. for 1 mol., calculated from the empirical formula of the 
gold compound, 11-45 c.c.) is added, and the mixture kept in a glass-stoppered vessel for 48 
hours; during most of this time the colour of the bromine persists and the compound rapidly 
crystallises. It is collected on sintered glass, washed with successive small quantities of carbon 
tetrachloride, dried on porous porcelain, and kept free from dust: yield, 2-1 g. The mother- 
liquor, allowed to evaporate spontaneously, yields a further small quantity. 

The compound was treated with sodium methoxide in excess of methyl alcohol, the mixture 
heated for 1 hour on the water-bath and acidified with nitric acid, and the bromine estimated 
by titration with silver nitrate and potassium thiocyanate {Found : Br, 41-5; Au, 51-1; M, in 
freezing bromoform, 781, 798. Calc. for [(C,H;)Br,Au],: Br, 41-4; Au, 51:1%; M, 1772. 
Found, by micro-methods, for a specimen which had been kept in diffused light in a glass- 
stoppered vessel for 1 week: Br, 37-5; Au, 55-8%}. 

Decomposition of Monoethyldibromogold.—The following are typical experiments : 

(i) The substance was heated at 80—85° for 14 hours {Found : loss in weight, 28-4, 28-4. 
[Au(C,H,)Br,], requires for loss of 2EtBr, 28-2%}. The residue of yellowish-green crystals 
having an effloresced appearance was pure aurous bromide (Found: Au, 71-0. Calc.: Au, 
71-1%).° 

(ii) Dry carbon dioxide was passed over the substance at the ordinary temperature, and the 
volatile product led into aqueous-alcoholic silver nitrate; the weight of the precipitate (silver 
bromide) was compared with the loss in weight of the substance. During 11 days, 0-5288 g. 
lost 0-1170 g. (22-1%); the silver bromide weighed 0-1995 g. (0-1170 g. of ethyl bromide should 
precipitate 0-2016 g. of silver bromide). 

(iii) As in (ii), but the decomposition was continued for a longer period, and the bromine 
content of the residue was determined (by the sodium methoxide method described above) 
and compared with what it should be theoretically if the loss in weight was due to loss of ethyl 
bromide. After 15 days, 0-8442 g. lost 0-1757 g. (26-2%). The residue contained 33-9% of 
bromine; if the loss in weight were due to ethyl bromide, the residue should have contained 
33-0% of bromine. 

Action of Aqueous Ethylenediamine on Monoethyldibromogold.—A weighed quantity of 
monoethyldibromogold was treated rapidly with a slight excess of aqueous ethylenediamine, 
and the clear yellow solution, after slight warming, addition of a known excess of silver nitrate, 
and acidification with nitric acid, was titrated with potassium thiocyanate {Found : Br, 31-3, 
31-3%, i.e., three-quarters of the theoretical bromine content. [Au(C,H,)Br,], requires Br, 41°4% }. 
By extraction of the solid residue, left on filtration, with ligroin, diethylmonobromogold, m. p. 
58—60° (decomp.), was obtained. For comparison, gold tribromide without any special purific- 
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ation was submitted to the same series of operations (Found: Br, 53-9. Calc. for AuBr, : 
Br, 54:9%). This indicated that monoethyldibromogold, when treated with aqueous ethylene- 
diamine, yields equimolecular quantities of bisethylenediaminogold tribromide and ethylene- 
diaminodiethylgold bromide. When this mixture is acidified, the latter yields diethylmono- 
bromogold and only the bromine in bisethylenediaminogold tribromide is ionised and estimated 
(compare p. 861). 

In an attempt to prepare an ethylenediamine co-ordination compound, monoethyldibromo- 
gold (0-5 g.), suspended in carbon tetrachloride, was shaken with a slight excess of ethylene- 
diamine in concentrated aqueous solution. The base was added gradually until the colour of the 
gold compound had disappeared. The yellow aqueous solution was separated from the carbon 
tetrachloride (which left no residue on evaporation), filtered, and treated with alcohol until 
no further yellow crystals of bisethylenediaminogold tribromide separated (Found: Au, 36-2. 
Calc.: Au, 35-4%) (compare Gibson and Colles, Joc. cit.). The aqueous-alcoholic filtrate was 
evaporated free from alcohol and acidified with hydrobromic acid ;, the colourless crystals which 
separated were identified, by comparison with an authentic specimen, as diethylmonobromogold, 
m. p. 58—60° (decomp.) : yield, 0-2 g. (92%). 

The authors are indebted to Mr. W. Morris Colles for his valuable help, to the Government 


Grant Committee of the Royal Society and Imperial Chemical Industries Limited for grants, 
and to the Academic Assistance Council for a maintenance grant to one of them (A. B.). 
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187. Synthesis of Alkylphenanthrenes. Part VII. 7-Hydroxy-1 : 2- 
dimethylphenanthrene. 


By RosBert Downs HAwoRTH and GEORGE SHELDRICK. 


EARLIER work in this series (J., 1932, 1784, 2248) has shown that 2-methylnaphthalene 
is substituted in position 6 when it is subjected to the Friedel-Crafts reaction in nitrobenzene 
solution with succinic anhydride or propiony] chloride. Sulphonation also occurs in position 
6 (Dzieworiski, Schoenédwna, and Waldmann, Ber., 1925, 58, 1212), but other reactions, 
such as nitration and halogenation, lead to substitution in position 1. The parallelism 
between sulphonation and the Friedel-Crafts reactions led us to examine the latter reaction 
on 2-methoxynaphthalene, which has been shown to be sulphonated in position 6 (Lapworth, 
P., 1895, 49). Gattermann, Ehrhardt, and Maisch (Ber., 1890, 23, 1208), Witt and Braun 
(Ber., 1914, 47, 3216), Fries (Ber., 1921, 54, 709) and Fries and Schimmelschmidt (Ber., 
1925, 58, 2835) have shown that in benzene or carbon disulphide solution 2-methoxy- 
naphthalene and acetyl chloride react in the presence of aluminium chloride to yield 
2-methoxy-l-naphthyl methyl ketone, but it has now been found that 70% yields of 
6-methoxy-2-naphthyl methyl ketone are obtained when the reaction is carried out in 
nitrobenzene solution. The constitution of the ketone was established by oxidation with 
sodium hypochlorite to 6-methoxy-2-naphthoic acid, identical with a specimen prepared 
by the method of Fries and Schimmelschmidt (loc. cit.). 

This observation appears to provide a route to the synthesis of some important phenan- 
threne derivatives and the present paper describes one of these synthetical researches. 

6-Methoxy-2-naphthyl ethyl ketone (1) was obtained similarly from 2-methoxynaphthalene 
and propiony] chloride, and its structure confirmed by oxidation to 6-methoxy-2-naphthoic 
acid. A monobromo-derivative being unobtainable, the ketone (I) was converted into a 
dibromo-derivative, probably 5-bromo-6-methoxy-2-naphthyl «-bromoethyl ketone (Il), 
which was oxidised to 5-bromo-6-methoxy-2-naphthoic acid by Kréhnke’s method (Ber., 
1933, 66, 604). The dibromo-compound (II) was condensed with ethyl sodiomalonate, 
and converted in the usual manner into 8-(5-bromo-6-methoxy-2-naphthoyl)butyric acid (III), 
the methyl ester of which reacted with methylmagnesium iodide to give y-(5-bromo-6- 
methoxy-2-naphthyl)-B-methyl-A®-pentenoic acid (IV). This acid was reduced with hydrogen 
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in the presence of a palladium-calcium carbonate catalyst in boiling alcoholic solution 
to y-(6-methoxy-2-naphthyl)--methylvaleric acid (V). The conversion of the acid (V) into 
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7-methoxy-4-keto-1 : 2-dimethyl-1 : 2 : 3 : 4-tetrahydrophenanthrene (V1) could not be brought 
about with 80% sulphuric acid, as sulphonation and demethylation occurred. The action 
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of aluminium chloride on a tetrachloroethane solution of the chloride of acid (V) led to 
30% yields of the cyclic ketone (VI), but the best results were obtained by the action of 
stannic chloride on the acid (V). The cyclic ketone (VI), which has not been obtained 
crystalline, was reduced by Clemmensen’s method, and the product on dehydrogenation 
with selenium was converted into 7-methoxy-1 : 2-dimethylphenanthrene (VII; R= Me), 
m. p. 153—154°. This ether was demethylated with hydrobromic acid, and 7-hydroxy- 
1 : 2-dimethylphenanthrene (VII; R=H), m. p. 197—198°, obtained. The benzoyl 
derivative of this phenol melted at 211—212°. 

By degradation of oestriol, Butenandt, Weidlich, and Thompson (Ber., 1933, 66, 601) 
obtained a 1 : 2-dimethylphenanthrol, m. p. 190—191°, from which a methyl ether, m. p. 
153°, and a benzoyl derivative, m. p. 210°, were prepared. Although a direct comparison 
of the synthetic and the degradation products has not yet been made, the melting points 
suggest that the products are identical, in which case the synthesis establishes the position 
of the phenolic hydroxy] group and the aromatic nucleus in oestriol. The slight discrepancy 
in the melting points of the phenol is probably insignificant in view of the small amounts 
of material which Butenandt, Weidlich, and Thompson had at their disposal. 

(Added in Proof.)—Specimens of the phenol, its methyl ether and benzoyl derivative 
have been submitted to Professor A. Butenandt, who very kindly made a comparison, and 
reports that the synthetic products are identical with those obtained from oestriol. When 
the melting points were determined in his apparatus, no discrepancy between the synthetic 
and the degradation products was observed. Although no specimen of his phenol was 
available, no depression in melting point was shown in mixtures of his methyl ether and 
benzoyl derivative with our products. 


EXPERIMENTAL. 


6-Methoxy-2-naphthyl Methyl Ketone.—Powdered aluminium chloride (8-5 g.) was added 
gradually, with stirring, to an ice-cold solution of 2-methoxynaphthalene (5 g.) and acetyl 
chloride (2-5 g.) in nitrobenzene (20 c.c.). After 24 hours, ice and dilute hydrochloric acid were 
added, the nitrobenzene was removed in steam, and the product extracted with chloroform, 
dried, and distilled ina vacuum. 6-Methoxy-2-naphthyl methyl ketone, b. p. 195—200°/10 mm., 
crystallised from light petroleum (b. p. 60—80°) in colourless plates (4-5 g.), m. p. 104—105°. 
Fries and Schimmelschmidt (/oc. cit.) give 105°. This ketone (0-25 g.) was boiled for 1 hour 
with a solution of sodium hypochlorite, prepared by passing chlorine (from 0-3 g. of potassium 
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permanganate) into N-sodium hydroxide (20 c.c.). The liquid was filtered and acidified, and 
the acid collected and crystallised from alcohol; colourless needles, m. p. 209—210°, were 
obtained, which gave no depression in melting point when mixed with 6-methoxy-2-naphthoic 
acid prepared by Fries and Schimmelschmidt’s method. 

6-Methoxy-2-naphthyl ethyl ketone (1), b. p. 180—185°/0-3 mm., obtained similarly in 80% 
yield, crystallised from light petroleum (b. p. 60—80°) in colourless plates, m. p. 109° (Found : 
C, 78-2; H, 6-4. C,,H,,O0, requires C, 78-5; H, 6-5%). This ketone was oxidised to 6-methoxy- 
2-naphthoic acid, m. p. 208—209°. 

5-Bromo-6-methoxy-2-naphthyl a-bromoethyl ketone (II) was prepared in 80% yield by the 
gradual addition of bromine (80 g.) in chloroform (250 c.c.) to a solution of the ketone (I) (50 g.) 
in chloroform (250 c.c.). After 3 hours, the hydrogen bromide was removed in a stream of dry 
air, and the solvent under diminished pressure; the residue crystallised from light petroleum 
(b. p. 60—80°)-chloroform in colourless plates, m. p. 162° (Found: C, 45-3; H, 3-4; Br, 42-9. 
C,,H,,0,Br, requires C, 45-2; H, 3-2; Br, 43-0%). This bromide reacted rapidly with pyridine ; 
the pyridinium bromide which separated was collected, washed with ether, dissolved in aqueous 
alcohol, and treated with sodium hydroxide as described by Kroéhnke (loc. cit.). 5-Bromo-6- 
methoxy-2-naphthoic acid crystallised from alcohol in colourless needles, m. p. 290—291° (Found : 
equiv., 279. C,,H,O,Br requires equiv., 281). The methyl ester prepared by the action of 
methyl-alcoholic hydrogen chloride, separated from methyl] alcohol in either colourless nodules 
or slender needles, the latter form being obtained from dilute solutions. Both forms melted 
at 162—163°, either alone or mixed (Found: C, 53-0; H, 3-9. C,,;H,,0,Br requires C, 52-9; 
H, 3-7%). 

8-(5-Bromo-6-methoxy-2-naphthoyl)butyric Acid (III).—The bromide (II) (14 g.) in benzene 
(100 c.c.) was added to a suspension of ethyl sodiomalonate (from 1-4 g. of sodium and 9 g. of 
ethyl malonate) in benzene (80 c.c.). After boiling for 12 hours, the mixture was acidified, the 
benzene layer dried, and the solvent removed. The residue was hydrolysed by boiling with 
methyl-alcoholic potassium hydroxide for 1 hour. The alcohol was removed, and the residue 
extracted several times with boiling water. The extract was acidified and the product, isolated 
with ethyl acetate, was heated at 180° for 3 hours. The residue was dissolved in hot sodium 
carbonate solution, filtered with carbon, the filtrate acidified, and the crude acid (III) collected 
and esterified by boiling for 3 hours with methyl-alcoholic hydrogen chloride. The ester was 
extracted with ether, washed with water and sodium carbonate solution, and dried, and the 
ether removed. The residual ester was distilled in a high vacuum, preferably in quantities not 
exceeding 5g. It boiled at 240—244°/0-2 mm., and crystallised from methyl alcohol in colourless 
nodules (5-5 g.), m. p. 105—106° (Found: C, 55-9; H, 4-7; Br, 22-1. C,,H,,0,Br requires 
C, 55-9; H, 4-7; Br, 219%). The acid (III), obtained by hydrolysis of the above ester with 
methyl-alcoholic potassium hydroxide, crystallised from methyl alcohol in colourless nodules, 
m. p. 160° (Found: equiv., 347. C,,H,,O,Br requires equiv., 351). 

y-(5-Bromo-6-methoxy-2-naphthyl)-B-methyl-A8-pentenoic Acid (IV).—Considerable difficulty 
was experienced in the preparation of this acid, and the following conditions must be adhered 
to rigidly if reproducible results are desired. An ethereal solution of methylmagnesium iodide 
(from magnesium, 0-4 g., methyl iodide, 4-5 g., in ether, 15 c.c.) was added rapidly with cooling 
and shaking to a solution of the methyl ester of (III) (3-6 g.) in benzene (120 c.c.). The mixture 
was boiled for 1 hour and acidified, and the benzene layer extracted several times with dilute 
sodium carbonate solution. Acidification of the carbonate solution precipitated the crude 
pentenoic acid (IV), which was isolated with ether and crystallised from methyl alcohol; colour- 
less needles (1-85 g.), m. p. 159—160°, were obtained (Found: C, 58-2; H, 4-9. C,,H,,O,Br 
requires C, 58-5; H, 4:9%). The sodium, potassium, and ammonium salts were sparingly 
soluble in water and separated from hot solution as gelatinous precipitates. A solution of the 
acid in aqueous sodium carbonate was rapidly oxidised by cold potassium permanganate. 

y-(6-Methoxy-2-naphthyl)-B-methylvaleric Acid (V).—A stream of hydrogen was passed through 
a suspension of palladium—calcium carbonate (from palladium chloride, 0-8 g., and calcium 
carbonate, 3-2 g.) in a solution of the pentenoic acid (IV) (9-5 g.) in boiling alcohol (120 c.c.) 
for 3 hours. The mixture was evaporated to dryness, and the residue digested with sodium 
carbonate solution. The acid (V) was liberated by addition of hydrochloric acid to the filtered . 
extract, isolated with ether, and crystallised from light petroleum (b. p. 60—80°); colourless 
needles (6-6 g.), m. p. 89—90°, were obtained (Found: C, 75:3; H, 7-3. C,;H»O, requires 
C, 75-0; H, 7-3%). The alkali salts of this acid were readily soluble in water and were stable 
towards cold potassium permanganate. 

7-Methoxy-4-keto-1 : 2-dimethyl-1 : 2 : 3 : 4-tetrahydrophenanthrene (V1).—The acid (V) (1-5 g.) 





Substitution Products of 2'-Nitro-, etc., -diphenyl Ethers. 867 


was heated at 100° for 1 hour with stannic chloride (3 c.c.), and after addition of dilute hydro- 
chloric acid, the cyclic ketone (VI) was extracted with ether, washed with water and dilute 
sodium hydroxide solution, and distilled in a vacuum, being obtained as a pale yellow, viscous 
oil (1 g.), b. p. 205—210°/0-3 mm. (Found: C, 80-1; H, 7-3. C,,H,,O, requires C, 80-3; H, 
7:1%). The semicarbazone separated from methyl alcohol in small crystals, m. p. 238—240° 
(decomp.). 

7-Methoxy-1 : 2-dimethylphenanthrene (VII; R = Me).—The cyclic ketone (2-5 g.) was 
reduced by boiling for 5 hours with amalgamated zinc (12 g.) and concentrated hydrochloric 
acid (12 c.c.). The product was isolated with ether, washed with sodium hydroxide solution, 
and distilled. The tetrahydrophenanthrene derivative (1-3 g.), b. p. 185—190°/0-1 mm., was 
obtained as a colourless oil, which was heated with selenium (2-6 g.) at 300° for 12 hours. 
7-Methoxy-1 : 2-dimethylphenanthrene (1 g.) was isolated with chloroform and distilled over 
sodium in a vacuum; it boiled at 210—215°/18 mm., and crystallised from methyl alcohol in 
colourless prisms, m. p. 154—155°, unchanged by further crystallisation (Found: C, 86-4; 
H, 6-8. C,,H,,O requires C, 86-4; H, 6-8%). 

7-Hydroxy-1 : 2-dimethylphenanthrene (VII; R = H).—The methoxy-derivative (0-2 g.) 
was gently boiled for 3 hours with a mixture of acetic acid (9 c.c.) and hydrobromic acid (9 c.c. ; 
d 1-49). The mixture was evaporated to dryness in a vacuum, the residue dissolved in hot 
dilute aqueous sodium hydroxide, and the filtered solution acidified; the precipitate was taken 
up in ether and dried, and the solvent removed. The residual phenol crystallised from ether— 
light petroleum (b. p. 60—80°) or, better, from a little benzene in small colourless needles 
(0-16 g.), m. p. 197—198° (Found: C, 86-3; H, 6-2. C,,H,,O requires C, 86-5; H, 6-3%). 
The benzoyl derivative, prepared by either the Schotten—Baumann or the Einhorn method, 
crystallised from glacial acetic acid in colourless plates, m. p. 211—212° (Found: C, 84-5; 
H, 5-6. C,3;H,,O, requires C, 84-7; H, 5-5%). 


Our thanks are due to the Research Fund Committee of the Chemical Society for a grant. 
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188. Substitution Products of 2'-Nitro- and 2' : 4'-Dinitro-2-methoxy- 
diphenyl Ethers. 
By Harotp A. SCARBOROUGH and JOHN L. SWEETEN. 


IN a previous communication (this vol., p. 705) on substitution in 3’-nitro- and 4’-nitro-2- 
methoxydiphenyl ethers it was shown that the first-entering substituent occupied the 
5-position. The orientation of the second-entering substituent appeared to depend upon 
the nature of the first, for while two halogen atoms entered successively the 5- and the 
4-position, this did not appear to be the case for two nitro-groups or for a halogen atom and 
a nitro-group. 

It was found necessary to investigate the behaviour of 2’-mitro- and 2’ : 4’-dinitro-2- 
methoxydiphenyl ethers in order to determine the orientation of two or more nitro-groups. 

The results show that on halogenation 2’-nitro-2-methoxydiphenyl ether behaves in 
the same manner as its isomerides, yielding dihalogeno-derivatives substituted in the 4 : 5- 
positions, but differs from them in that a trisubstituted product was readily obtained. 
2’ : 4’-Dinitro-2-methoxydiphenyl ether also yielded a halogenation product substituted 
in the 5-position, further substitution was difficult with chlorine, and a dibromo-product 
could not be obtained. 

On nitration each of the 2-methoxy-mononitrodiphenyl ethers and 2’ : 4’-dinitro-2- 
methoxydiphenyl ether readily yielded a product substituted in the 5-position. The 
further nitration of these compounds led in each case to the formation of 2’: 4’: 3: 5- 
letranitro-2-methoxydiphenyl ether as the main product. Attempts to obtain 2-methoxy- 
trinitrodiphenyl ethers by the direct nitration of the mononitro-ethers were unsuccessful. 

The structures of the various compounds were established by the condensation of the 
potassium salt of guaiacol or an appropriately substituted guaiacol with o-chloronitrobenzene 
or with 2 : 4-dinitrochlorobenzene. 
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Consideration of these results would seem to show that the relatively feeble activation 
due to a phenoxy-group can be so diminished by the introduction of two nitro-groups that 
even such a facile process as bromination cannot occur. It is not surprising, therefore, 
that such a process as nitration is dependent upon the activation caused by the methoxy- 


group. 
EXPERIMENTAL, 


2'-Nitro-2-methoxydiphenyl Ether.—To 28 g. of molten potassium hydroxide were added 63 g. 
of guaiacol and 90 g. of o-chloronitrobenzene; the mixture was heated at 150° for 6 hours, 
distilled in steam, and the residue taken into chloroform. The ether distilled at 228°/14 mm., 
solidified, and then crystallised from alcohol in pale yellow needles, m. p. 69° (Found : N, 5-75. 
C,3H,,0O,N requires N, 5-7%). 

4-Chlovo-2'-nitro-2-methoxydiphenyl ether, prepared by the condensation of o-chloronitro- 
benzene and the potassium salt of 4-chloroguaiacol at 200° for 6 hours, separated from methy] 
alcohol in needles, m. p. 79° (Found: Cl, 12-7. C,,;H,0O,NCl requires Cl, 12-8%). 

5-Chlovo-2'-nitro-2-methoxydiphenyl ether, obtained from the nitro-compound and sulphury] 
chloride, crystallised from alcohol in needles, m. p. 91° (Found: Cl, 12-75. C,,;H,O,NCI 
requires Cl, 12-8%). 

4 : 5-Dichloro-2'-nitro-2-methoxydiphenyl ether was prepared (a) by the action of chlorine, 
in acetic acid, on 2-methoxy-, 2-methoxy-4-chloro-, and 2-methoxy-5-chloro-2’-nitrodipheny] 
ether, (b) by the condensation of o-chloronitrobenzene and the potassium salt of 4 : 5-dichloro- 
guaiacol. The product separated from light petroleum (b. p. 60—80°) in plates, m. p. 98° 
(Found: Cl, 22-6. C,,;H,O,NCl, requires Cl, 22-6%). 

x : 4: 5-Trichloro-2'-nitro-2-methoxydiphenyl ether, obtained by leading an excess of chlorine 
into 4 : 5-dichloro-2’-nitro-2-methoxydipheny] ether in acetic acid in sunlight, crystallised from 
alcohol in needles, m. p. 107° (Found : Cl, 30-7. C,,;H,O,NCI, requires Cl, 30-6%). 

4-Bromo-2'-nitro-2-methoxydiphenyl ether, obtained by the condensation of o-chloronitro- 
benzene and the potassium salt of 4-bromoguaiacol, separated from methyl alcohol in needles, 
m. p. 77° (Found: Br, 24-9. C,,H,,O,NBr requires Br, 24-7%). 

5-Bromo-2'-nitvo-2-methoxydiphenyl ether, prepared (a) by the action of bromine on the nitro- 
compound in acetic acid and keeping for 12 hours or (b) by the condensation of o-chloronitro- 
benzene and the potassium salt of 5-bromoguaiacol, separated from alcohol in prisms, m. p. 
90° (Found: Br, 24-8. C,,;H,,O,NBr requires Br, 24-7%). 

4 : 5-Dibromo-2'-nitro-2-methoxydiphenyl ether was obtained by the action of excess of 
bromine on 2-methoxy-, 2-methoxy-4-bromo-, or 2-methoxy-5-bromo-2’-nitrodiphenyl ether 
in acetic acid for 4 hours at 90°; and by the condensation of o-chloronitrobenzene and the 
potassium salt of 4: 5-dibromoguaiacol. The ether crystallised from alcohol or acetic acid in 
heavy prisms, m. p. 112° (Found: Br, 39-8. C,;H,O,NBr, requires Br, 39-7%). 

2’ : 4-Dinitro-2-methoxydiphenyl ether, prepared by the condensation of o-chloronitrobenzene 
and the potassium salt of 4-nitroguaiacol for 6 hours at 200° in the presence of copper powder, 
crystallised from alcohol in yellow needles, m. p. 105° (Found: N, 9-6. C,;H,,O,N, requires 
N, 9-65%). 

2’ : 4'-Dinitro-2-methoxydiphenyl ether, prepared by the condensation of 2 : 4-dinitrochloro- 
benzene with guaiacol in alcoholic potash solution for 6 hours at the temperature of the water- 
bath, crystallised from alcohol in pale yellow needles, m. p. 92° (Found: N, 9-6. C,;H,.O,N; 
requires N, 9-65%). 

4-Chloro-2' : 4'-dinitro-2-methoxydiphenyl ether, obtained by the condensation of 2 : 4-dinitro- 
chlorobenzene with the potassium salt of 4-chloroguaiacol in alcohol for 6 hours on the water- 
bath, separated from alcohol in needles, m. p. 116° (Found: Cl, 10-95. C,;H,O,N,Cl requires 
Cl, 10-95%). 

5-Chlovo-2' : 4'-dinitro-2-methoxydiphenyl ether, prepared by the action of sulphury] chloride 
on the nitro-compound, crystallised from alcohol or acetic acid in pale yellow needles, m. p. 117° 
(Found: Cl, 11-05. C,,H,O,N,Cl requires Cl, 10-95%). 

4 : 5-Dichloro-2' : 4'-dinitro-2-methoxydiphenyl ether, prepared (a) by the condensation of 
2 : 4-dinitrochlorobenzene and the potassium salt of 4: 5-dichloroguaiacol in alcohol at 90° 
for 6 hours or (b) by the action of excess of chlorine on 2-methoxy-4-chloro- or 2-methoxy-5- 
chloro-2’ ; 4’-dinitrodiphenyl ether in warm acetic acid, crystallised from acetic acid in pale 
yellow leaves, m. p. 144° (Found : Cl, 19-75. C,,H,O,N,Cl, requires Cl, 19-75%). 

4-Bromo-2' : 4'-dinitro-2-methoxydiphenyl ether, obtained by the condensation of 2 : 4-dinitro- 
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chlorobenzene and the potassium salt of 4-bromoguaiacol in alcohol at 90°, separated from 
alcohol in pale yellow needles, m. p. 132° (Found: Br, 21-65. C,;H,O,N,Br requires Br, 21-7%). 

5-Bromo-2’ : 4’-dinitro-2-methoxydiphenyl ether, prepared (a) by the action of bromine on the 
nitro-compound in acetic acid or (b) by the condensation of 2: 4-dinitrochlorobenzene and the 
potassium salt of 5-bromoguaiacol in alcohol at 90°, crystallised from alcohol or acetic acid 
in pale yellow needles, m. p. 140° (Found: Br, 21-55. C,,;H,O,N,Br requires Br, 21-7%). 

4 : 5-Dibromo-2’ : 4'-dinitro-2-methoxydiphenyl ether, obtained by the condensation of 2: 4- 
dinitrochlorobenzene and the potassium salt of 4 : 5-dibromoguaiacol in alcohol at 90°, separated 
from acetic acid in yellow leaves, m. p. 165° (Found: Br, 35-75. C,,;H,O,N,Br, requires Br, 
35-7%). 

2' : 5-Dinitro-2-methoxydiphenyl ether, obtained (a) by dissolving 10 g. of 2’-nitro-2-methoxy- 
diphenyl ether in 100 c.c. of nitric acid (d 1-4) below 30° and keeping the solution over-night 
or (b) by the condensation of o-chloronitrobenzene and the potassium salt of 5-nitroguaiacol 
at 180°, crystallised from alcohol in pale yellow needles, m. p. 115° (Found: N, 9-7. C,3H,O,N, 
requires N, 9-65%). 

2': 4: 4'-Trinitro-2-methoxydiphenyl ether, prepared by the condensation of 2 : 4-dinitro- 
chlorobenzene with the potassium salt of 4-nitroguaiacol in alcohol at 90° until the scarlet colour 
of the potassium salt had disappeared, separated from alcohol in yellow needles, m. p. 138° 
(Found: N, 12-5. C,3;H,O,N; requires N, 12-55%). 

2’: 4:4’ : x-Tetranitro-2-methoxydiphenyl ether, prepared by dissolving 2’: 4-dinitro- or 
2’: 4: 4’-trinitro-diphenyl ether in nitric acid (d 1-5) and keeping the solution for 24 hours, 
crystallised from acetic acid in yellow needles, m. p. 159° (Found: N, 14-7. C,3;H,OjN, 
requires N, 14-75%). 

2' : 4’ : 5-Trinitro-2-methoxydiphenyl ether, obtained (a) by dissolving 2’ : 4'-dinitro-2- 
methoxydipheny] ether in nitric acid (d 1-4) and keeping the solution over-night, or (b) by reflux- 
ing the potassium salt of 5-nitroguaiacol with 2 : 4-dinitrochlorobenzene in alcohol, crystallised 
from acetic acid in needles, m. p. 161° (Found: N, 12-55. C,,;H,O,N; requires N, 12-55%). 

2’: 3: 4’ : 5-Tetranitro-2-methoxydiphenyl ether—To 100 c.c. of nitric acid (d 1-5) were 
added 10 g. of finely powdered 2’-nitro-, 4’-nitro-, 2’ : 5-dinitro-, 4’ : 5-dinitro-, 2’ : 4’-dinitro-, 
or 2’: 4’ : §-trinitro-2-methoxydiphenyl ether below 30°; the solution was kept over-night 
and finally warmed for 30 minutes on the water-bath. The potassium salt of 3 : 5-dinitro- 
guaiacol and 2: 4-dinitrochlorobenzene were refluxed in alcoholic solution until the bright red 
colour of the potassium salt disappeared (16—20 hours). The product crystallised from acetic 
acid in pale greenish-yellow plates, m. p. 174°. Them. p.’s of the various specimens were between 
172° and 174° and the lowest mixed m. p. was 172° (Found: N, 14-75. C,3;H,O,)N, requires 
N, 14:75%). 
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189. The Action of Grignard Reagents on 4-Diphenylyl Piperidinomethyl 
Ketone and on N-Methylcinchotoxine. 


By (Miss) B. R. CARPENTER and E. E. TURNER. 


HENLEY and TURNER (J., 1931, 1182) showed that the carbonyl group in 1-phenacyl- 
piperidine reacted normally with ten different Grignard reagents, but abnormally with 
n-hexyl-, n-heptyl-, and cyclohexyl-magnesium halides. Compounds of the type 
R-CO-CH,....NR’, are capable of two kinds of reaction with Grignard reagents, 
viz., (a) and (d): 

R”’MgX 


R-CO-CHy... . NR’g ——-> R-CR"(OH)-CH,....NR’, 
4 | : 
- e l A R”’MgxX hd , ur 
R-C(0):CH .... NHR’, ———> R-C(OMgX):CH .... NR’, + RH. 


The previous work thus supplies ten examples of (a) and three of (0), the latter apparently 
being caused by the properties of R”’. In general, whether (a) or (b) preponderates will 
depend on the nature of R, R’, and R”. 





870 Carpenter and Turner: The Action of Grignard Reagents on 


4-Diphenylyl piperidinomethyl ketone, CgH;°CgHyCO-CH,*NC,Hj9, reacts with 
methylmagnesium iodide (present in large excess) to give the original material (6) and 
4-diphenylylmethylpiperidinomethylcarbinol, CgH;°CgH,’CMe(OH)-CH,"NC;Hjo, but, with 
phenylmagnesium bromide, the vigorous reaction which occurs takes course (b) to the 
exclusion of (a). 
N-Methylcinchotoxine was caused to react with the same pair of Grignard reagents 
H under a variety of peg ae ae ve no 
, occasion was any reaction of type.(a) observed, so 
~ Hy GH, GH°CH-CH, W-enethyiciachetentins tends to avoid the usually 
C(O)sHC CH, CH, accepted ketonic formula and to react in accordance 
with the annexed structure, a point of some interest 
NHMe in connexion with the physiological action of this 
x base, which is thus formally a betaine. 
Comanducci (Boll. Chim. Farm., 1907, 46, 752; 
Rend. Accad. Sci. Fis. Mat. Napoli, 1909, 3, 15, 32, 240) stated that by the action of 
Grignard reagents on cinchotoxine itself he obtained a number of “ cinchotoxols,” in 
which the -CO+ group had been converted into -CR(OH): (R = Et, Ph, and a-C,9H,). 
It is surprising that cinchotoxine, containing a free imino-group, should react, and that 
its N-methyl derivative should not. 
4-Diphenylyl piperidinomethyl ketone was prepared by the action of piperidine 
on 4-diphenylyl bromomethyl ketone. The latter substance was accumulated during 
a study of the bromination of 4-diphenylyl methyl ketone, and was obtained by other 
workers whilst this investigation was in progress. Drake and Bronitsky (J. Amer. 
Chem. Soc., 1930, 52, 3715) brominated the ketone in acetic acid solution, and obtained 
a product, m. p. 125-5°, whilst John (J. pr. Chem., 1932, 183, 259) performed the same 
reaction using artificial irradiation and recorded m. p. 95°. We find that when bromine 
and the ketone in exactly equimolecular proportion react in glacial acetic acid solution, 
bromination to the extent of more than 95% occurs in the side chain and none in the 
4’-position. The bromo-ketone obtained, m. p. 126—127°, is identical with the product 
of a Friedel-Crafts condensation between bromoacetyl bromide and diphenyl, and is 
different from 4’-bromo-4-diphenylyl methyl ketone, m. p. 131°, formed by condensing 
acetyl chloride with 4-bromodipheny]l. 
Monobromination of 4-diphenylyl isopropyl ketone and of 4-diphenylyl ssobutyl 
ketone also occurs entirely in the side chain. 
The hydrochlorides of several of the bases mentioned in this paper were tested for 
antimalarial activity, but none was detected. 


EXPERIMENTAL. 


4-Diphenylyl Bromomethyl Ketone.—Anhydrous aluminium chloride (1-2 mols.) was added 
gradually to a mixture of diphenyl (2 mols.), bromoacetyl bromide (36 g.; 1 mol.), and carbon 
disulphide (20 c.c.). The initial vigorous reaction slackened after 4 hour, and the mixture was 
then kept in hot water for 2 hours. Decomposition, completed with hot water so as to remove all 
solvent, gave a product which, after being air-dried, was dissolved in the minimum quantity 
of boiling toluene. On cooling, 41 g. of product, m. p. 124—125°, separated. Recrystallisation 
from alcohol or light petroleum (b. p. 80—100°) raised the m. p. to 126—127° (37-5 g.; 76% 
yield). 

The percentage of labile bromine in this and all similar compounds was determined by 
heating about 0-25 g. of material with about 2-5 c.c. of piperidine in a sealed glass tube for 
1 hour at 100°. The contents of the tube were washed out with alcohol, water added, and Br’ 
determined as AgBr (Found: Br, 29-0, 28-9. Calc.: Br, 29-0%). 

The bromo-compound combined readily with dimethylaniline at 100° to give phenyl-4- 
phenylphenacyldimethylammonium bromide, which, crystallised from methyl alcohol-ether and 
then from water, formed slender needles, m. p. 144—145° (Found: Br, 20-4. C,,H,,ONBr 
requires Br, 20-1%). 

Bromination of 4-Diphenylyl Methyl Ketone.—(a) Qualitatively. Bromine (3 c.c.), dissolved 
in 20 c.c. of glacial acetic acid, was added gradually to a solution of the ketone (10 g.) in 100 c.c. 
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of the same solvent, at 50°. The initial reaction took a few minutes to begin, but was then 
very rapid. Addition of water gave 13 g. of leaflets, m. p. 124—126° after one crystallisation 
from alcohol and 126—127° after a second crystallisation from toluene. 

(b) Quantitatively. A similar procedure was adopted, except that the ketone and the 
bromine were weighed to + 0-01 g. The total crude bromination product, obtained by pouring 
the acetic acid solution into a large bulk of water, filtering, and vacuum-drying, weighed 4-75 g. 
(calc. for monobromination, 4-91 g.), and had m. p. 113—121° (Found : total Br, 28-7, 28-6; 
labile Br, 28-6, 28-7%). 

4’-Bromo-4-diphenylyl Methyl Ketone-——Anhydrous aluminium chloride (9 g.) was added 
gradually to a solution of acetyl chloride (7 g.) and 4-bromodipheny] (13 g.) in 15 c.c. of carbon 
disulphide. The first reaction over, the mixture was kept in warm water for } hour and then 
decomposed. The crude ketone (yield, 98%) crystallised from alcohol or from light petroleum 
(b. p. 80—100°) in long thin plates, m. p. 131°, or, mixed with 4-diphenylyl bromomethy] ketone, 
95—105° (Found: Br, 28-7. C,,H,,OBr requires Br, 29-0%). 

Bromination of 4-Diphenylyl isoPropyl Ketone-—The ketone was prepared from diphenyl, 
isobutyryl chloride, aluminium chloride, and carbon disulphide, and, after being crystallised 
several times from light petroleum (b. p. 40—60°), had m. p. 61—62°. Willgerodt and Scholtz 
(J. pr. Chem., 1910, ii, 81, 400), who incorrectly described the ketone as the 3-derivative, gave 
m. p. 56° (Found: C, 85-2; H, 7-2. Calc.: C, 85-7; H, 7-2%). The p-nitrophenylhydrazone 
formed golden needles, m. p. 143—144°, from butyl alcohol (Found: N, 12-0. C,,H,,0,N, 
requires N, 11-7%). 

Bromination of 5-60 g. of the ketone under quantitative conditions gave, in two different 
experiments, 7-00 and 7-30 g. of crude bromo-derivative (calc. for monobromination, 7-57 g.). 
The first product had m. p. 92—100°, and contained total Br, 26-4, labile Br, 26-6% ; the second 
had m. p. 91—100° and contained total Br, 26-5, labile Br, 26-6% (Calc. for monobromination 
in side-chain, Br, 26-4%). Recrystallisation of the crude bromination product gave a substance, 
m. p. 99—100°. 

4-Diphenylyl «a-Bromoisopropyl Ketone.—a-Bromoisobutyryl bromide, diphenyl, aluminium 
chloride, and carbon disulphide gave the bromo-ketone, which after being crystallised from the 
least possible amount of toluene and then from alcohol, formed plates, m. p. 99—100° (Found : 
Br, 26-4. C,,H,,OBr requires Br, 26-4%). 

Bromination of 4-Diphenylyl isoButyl Ketone.—The ketone prepared from diphenyl, isovaleryl 
chloride, etc., had m. p. 77—78°, not 63° as recorded by Willgerodt and Scholtz (loc. cit.), 
who regarded the ketone as the 3-derivative (Found : C, 85-3; H, 7-5. Calc. : C, 85-7; H, 7-6%). 

Quantitative bromination of 5-90 g. of the ketone gave: Ist Expt. Yield, 7-20 g. (calc. for 
monobromination, 7-80 g.); m. p. 127—131°. Total Br, 25-2; labile Br, 25-1%. 2nd Expt. 
Yield, 7-50 g.; m. p. 126—130°. Total Br, 25-2; labile Br, 25-2%. Crystallisation of the crude 
product raised the m. p. to 131—132°. 

4-Diphenylyl a-Bromoisobutyl Ketone.—This substance, prepared from a-bromoisovaleryl 
bromide, was crystallised from toluene and then from light petroleum (b. p. 80—100°). It 
formed needles, m. p. 131—132° (Found: Br, 25-1. C,,H,,OBr requires Br, 25-15%). 

4-Phenylacetyl-4'-acetyldiphenyl was prepared from phenylacetyl chloride, 4-diphenylyl 
methyl ketone, and aluminium chloride. After being crystallised successively from butyl 
alcohol and ethyl alcohol, it formed slender needles, m. p. 118—119° (Found : C, 84-8; H, 6-1. 
C,,H,,O, requires C, 84-1; H, 5-8%). 

Phenyl 4-Diphenylyl Ketone.—Nenitzescu, Isacescu, and Ionescu (Annalen, 1931, 491, 210) 
state that this substance is formed when diphenyl and benzoyl] chloride are boiled together. 
We find that no interaction occurs in absence of a catalyst. Using aluminium chloride, we 
obtained a yield of 62%. 

Phenyl-4-diphenylylmethylcarbinol.—(a) The last-named ketone reacted readily with methyl- 
magnesium iodide (3 mols.) to give a 94% yield of the crude carbinol, m. p. 99—100°. This 
crystallised from light petroleum (b. p. 80—100°) in needles, m. p. 102—103° (Found : C, 86-9; 
H, 6-6. C,H,,O requires C, 87-6; H, 66%). (b) 4-Diphenylyl methyl ketone and 5 mols. 
of phenylmagnesium bromide gave a 50% yield of pure carbinol, m. p. 102—103°, alone or 
when mixed with the product from (a). 

4-Diphenylylmethylisopropylcarbinol, obtained from 4-diphenylyl methyl ketone and 
isopropylmagnesium bromide or from 4-diphenylyl isopropyl ketone and methylmagnesium 
iodide, crystallised from light petroleum (b. p. 60—80) in plates, m. p. 63—64° (Found : C, 84-3; 
H, 8-3. C,,HgO requires C, 85-0; H, 8-4%). 

4 : 4’-Bischloroacetyldiphenyl.—Diphenyl (1 mol.), chloroacetyl chloride (2-5 mols.), and 
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aluminium chloride (3 mols.) were allowed to react in presence of carbon disulphide. The product 
obtained by decomposition with water and acid crystallised from cyclohexanone in large 
irregular needles, m. p. 226—227° (Found: Cl, 22-4. C,,H,,0,Cl, requires Cl, 23-1%). 

4: 4'-Bispiperidinoacetyldiphenyl.—The bischloro-compound was added gradually to 4 
parts of piperidine, with good stirring. The paste obtained was ground from time to time, 
and after an hour was diluted with water and dissolved in hydrochloric acid. The solution was 
filtered, treated with excess of ammonia, and the solid was collected and dried. It then separated 
from dilute acetone as a brownish-yellow crystalline powder, m. p. 143—144° (Found: N, 6-8. 
C,gH3,0,N, requires N, 6-9%). 

4-Diphenylyl Piperidinomethyl Ketone.—4-Diphenylyl bromomethyl ketone was treated 
with piperidine in the manner just described. The compound crystallised from absolute alcohol 
in slender needles, m. p. 93—94° (Found : N, 5-1. C,,H,,ON requires N, 5-0%). The methiodide, 
obtained by heating the components at 100°, crystallised from water in plates, m. p. 184—185° 
(Found : I, 30-0. C,9H,,ONI requires I, 30-0%). 

4-Diphenylylmethylpiperidinomethylcarbinol.—4-Diphenylyl piperidinomethy] ketone (1 mol.) 
was gradually added to a Grignard reagent prepared from 10 mols. of methyl iodide and 20 ats. 
of magnesium (decanted before use). The solution obtained was boiled for 2 hours, left over- 
night, and then decomposed with water and dilute hydrochloric acid. The oily solid was 
separated and dissolved in hot alcohol. On cooling, the hydrochloride of the original base 
separated. The mother-liquor from the latter was treated with ammonia, and the precipitated 
solid carbinol dried ina vacuum. It crystallised from absolute alcohol in slender needles, m. p. 
89—90° (Found: N, 4-9. C. 9H,,ON requires N, 4:7%). The methiodide, readily formed at 
100°, crystallised from water in plates, m. p. 186—187° (Found: I, 28-8. C,,H,,ONI requires 
I, 29-0%). A mixture of this methiodide with that (m. p. 184—185°) of the ketone melted 
indefinitely at 170—180°. 

Cinchonine Methobromide.—The following is a much more convenient method of preparation 
than that of passing methyl bromide into a methyl-alcoholic suspension of the alkaloid. Cin- 
chonine (45 g.) was suspended in 450 c.c. of absolute methyl alcohol and 14-5 c.c. of methyl 
sulphate were added. The quickly-formed solution was gently warmed for $ hour, and the 
solvent was then removed rapidly under diminished pressure. The residual methosulphate 
was sometimes a honey-like syrup and sometimes a mass of needles. It was dissolved in 500 c.c. 
of water, the solution freed from traces of cinchonine by filtration, warmed to about 60°, and 
treated with a solution of 36 g. of potassium bromide in 400 c.c. of boiling water. On cooling, 
40 g. of pure cinchonine methobromide separated. 

The methobromide was converted into N-methylcinchotoxine by the method of Claus and 
Miller (Ber., 1880, 13, 2290). The preparation of the toxine via the methiodide (Rabe and Ritter, 
Ber., 1905, 38, 2771) was in every respect less satisfactory. 

Action of Grignard Reagents on N-Methylcinchotoxine.—(a) Methylmagnesium iodide. The 
base was added gradually to the Grignard reagent (6 mols.), and thereafter the solution was 
boiled for 6 hours. Aqueous ammonium chloride was added, and the ethereal solution separated, 
dried over potassium carbonate, and evaporated. After being crystallised from light petroleum 
(b. p. 60—80°), the residue had m. p. 72—73°, alone or when mixed with the original base 
(m. p. 72—73°). The latter had [«]},, + 19-9° in chloroform, whilst the product obtained from 
the Grignard reaction had [a]%,, + 20-0°. 

When the latter product was kept in alcoholic methyl iodide solution, the methiodide 
separated in warty crystalline masses, which, after crystallisation from absolute alcohol, melted 
at 196—197°, alone or when mixed with N-methylcinchotoxine methiodide, m. p. 196—197°. 

(b) Phenylmagnesium bromide. Ten mols. of this reagent were used. The product, after 
being crystallised from light petroleum, had m. p. 72—73°. A mixture of N-methylcinchotoxine 
with both the Grignard products (a) and (b) melted at 72—73°. : 
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190. The Dinitration of p-Dimethylaminoacetanilide. 
By HERBERT H. Hopcson and J. HAROLD CROOK. 


MELDOLA and HOLtLeEty (J., 1915, 107, 614) isolated only 3 : 5-dinitro-p-methylnitroso- 
aminoacetanilide in attempts to dinitrate #-dimethylaminoacetanilide. The present 
authors, having already prepared 2- and 3-nitro-f-dimethylaminoacetanilide (J., 1932, 
2976), have. now obtained the 2: 5- and the 3: 5-dinitro-compound by direct nitration 
and the 2 : 6-isomeride by synthesis. Hydrolysis of these yields 2: 5-, 2: 6-, and 3: 5- 
dinitro-p-aminodimethylaniline respectively. Meldola and Hollely’s nitrosoamine has been 
produced by a more rapid and satisfactory method. The anilides do not form picrates, 
but the free amines crystallise each with one molecule of picric acid or chloropicric acid. 

The constitution of 2 : 5-dinitro-4-aminodimethylaniline was established by elimination 
of the amino-group to give 2 : 5-dinitrodimethylaniline; of the 2:6-isomeride by conversion 
into 4-chloro-2 : 6-dinitrodimethylaniline by the Sandmeyer reaction; and of the 3: 5- 
isomeride by synthesis from 2: 6-dinitrodimethyl-p-anisidine (Hodgson and Crook, 
loc. cit.), which readily exchanged its methoxyl for the amino-group when heated with 
alcoholic ammonia under pressure. 


EXPERIMENTAL. 


2 : 5-Dinitro-p-dimethylaminoacetanilide.—(a) p-Dimethylaminoacetanilide (8 g.), dissolved 
in concentrated sulphuric acid (40 c.c.), was treated gradually at 0O—10° with a mixture of nitric 
acid (7 c.c.; @ 1-5) and concentrated sulphuric acid (30 c.c.). After 1 hour’s stirring, the whole 
was poured on ice and neutralised with aqueous ammonia. The precipitated 2 : 5-dinitro-p- 
dimethylaminoacetanilide (10-5 g.), recrystallised several times from alcohol or carbon tetra- 
chloride, formed large, deep red needles, m. p. 156° (Found: N, 21-0. CyH,,0;N, requires 
N, 20-9%). (b) 2-Nitro-p-dimethylaminoacetanilide (5 g.), dissolved in concentrated sulphuric 
acid (3 c.c.) and water (6 c.c.), was nitrated (nitric acid, d 1-4, 10 c.c.; water, 10 c.c.) at 0°. 
The mixture was allowed to attain room temperature and then rendered alkaline with ammonia 
to precipitate the dinitro-compound (6-0 g.). (c) 2-Nitro-p-dimethylaminoacetanilide (5 g.) 
was dissolved in dilute hydrochloric acid (10 c.c. of conc. acid and 20 c.c. of water) and treated 
with a solution of sodium nitrite (2-5 g.) in water (15 c.c.); the dinitro-compound formed was 
precipitated (6 g.) by addition of alkali. 

2 : 5-Dinitro-p-aminodimethylaniline was prepared by boiling the above acetyl compound 
(5 g.) for 5 minutes with a mixture of concentrated sulphuric acid (10 c.c.) and water (10 c.c.) ; 
the cooled solution was diluted with water and added gradually to ice-cooled dilute aqueous 
ammonia. The precipitated amine crystallised from its deep red solution in alcohol or carbon 
tetrachloride in long black needles having green metallic lustre; m. p. 100° (Found: N, 25-0. 
C,HO,N, requires N, 24-8%). The picrate crystallised from alcohol in yellow prisms, m. p. 
186-5° (decomp.) (Found: N, 21-6. C,,H,,;0,,N, requires N, 21-5%), and the chloropicrate in 
yellow needles, m. p. 165° (decomp.) (Found : Cl, 7-1. C,,H,,0,,N,Cl requires Cl, 7-2%). 

The amine was converted by the diazotisation—alcohol method into 2 : 5-dinitrodimethyl- 
aniline, which crystallised from alcohol in scarlet parallelepipeds, m. p. and mixed m. p. with an 
authentic specimen 114° (van Romburgh, Rec. trav. chim., 1887, 6, 253, gives m. p. 112°) (Found : 
N, 20-1. Calc. : N, 20-0%). 

3 : 5-Dinitro-p-aminodimethylaniline.—2 : 6-Dinitrodimethyl-p-anisidine (3 g.) was heated 
in a sealed tube with alcoholic ammonia (20 c.c. saturated at 0°) for 2 hours at 180°. The 
cooled mass of purple-red needles was recrystallised from alcohol and carbon tetrachloride; 
it then had m. p. 201° when rapidly heated (decomp. at 221°), but decomposed at 200—210° 
when gradually heated (Found : N, 24-9. CgH,,O,N, requires N, 24-8%). The picrate crystallised 
from alcohol in small greenish-yellow needles, m. p. 197° (decomp.) (Found: N, 21-6. 
C,,H,;0,,N, requires N, 21-5%), and the chloropicrate in small yellow needles, m. p. 191° 
(decomp.) (Found: Cl, 7-0. C,,H,,0,,N,Cl requires Cl, 7-2%). 

2 : 6-Dinitro-p-dimethylaminoacetanilide was obtained from 3: 5-dinitro-p-aminodimethyl- 
aniline (2 g.) by boiling it with acetic anhydride (10 c.c.) and concentrated sulphuric acid (0-2 c.c.) 
(the purple colour disappeared in about 5 minutes), and diluting the cooled solution with water ; 
it crystallised from alcohol or dilute acetic acid in orange-yellow needles, m. p. 212—213° 
(Found: N, 21-0. C,).H,,0;N, requires N, 20-9%). 

3L 
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2 : 6-Dinitro-p-dimethylaminodiacetanilide, formed when the amine above (2 g.) was 
heated on the water-bath for 24 hours with a mixture of acetic anhydride (20 c.c.) and con- 
centrated sulphuric acid (0-3 c.c.), crystallised from alcohol in large yellow needles, m. p. 178-5° 
(Found: N, 18-2. C,,H,sO,gN, requires N, 18-1%). 

3 : 5-Dinitro-p-dimethylaminoacetanilide.—(a) A well-stirred solution of p- dimethylamino- 
acetanilide (6 g.) in concentrated sulphuric acid (10 c.c.) and water (60 c.c.) was nitrated below 
5° by the gradual addition during 30 minutes of a mixture of nitric acid (20 c.c.; d 1-4) and 
water (40 c.c.). The dinitro-compound separated gradually in fine orange-coloured crystals, 
which were filtered off at once, washed with water, pressed, and triturated with the minimum 
amount of cold concentrated hydrochloric acid (ca. 25 c.c.). The filtered extract was gradually 
diluted with water, and the precipitated 3 : 5-dinitro-p-dimethylaminoacetanilide (7-5 g.; m. p. 
193°) crystallised from alcohol; it formed large orange-coloured prisms, m. p. 195° (Found : 
N, 20-8. C,)H,,0,;N, requires N, 20-9%), insoluble in boiling carbon tetrachloride. The residue 
(0-5 g.) which was very sparingly soluble in cold concentrated hydrochloric acid proved to be 
3 : 5-dinitro-p-methylnitrosoaminoacetanilide and crystallised from alcohol in colourless 
prisms, m. p. 153° (Found: N, 24-9. Calc.: N, 24:7%), identical with a specimen made by 
Meldola and Hollely’s method (/oc. cit.). The yield of 3 : 5-dinitro-p-dimethylaminoacetanilide 
varied slightly with the strength of the nitric acid used, and scarcely any nitrosoamine was 
produced when a solution of sodium nitrite (1 g.) in water (10 c.c.) was added to the dilute 
nitric acid prior to use. No dinitration took place in the presence of urea or when pure dilute 
nitric acid was used, even up to 50% excess, and after several days’ keeping at room temperature. 
Fuming nitric acid as used by Meldola and Hollely favours nitrosoamine formation. (b) When a 
solution of 3-nitro-p-dimethylaminoacetanilide (5 g.) in concentrated sulphuric acid (5 c.c.) 
and water (50 c.c.) was treated at 0° with a solution of nitric acid (9 c.c.; @ 1-4) in water (15 c.c.), 
the 3 : 5-dinitro-compound separated (5-5 g.). When the nitration was conducted in concentrated 
sulphuric acid, no dinitro-compound could be isolated. 

2 : 6-Dinitro-4-aminodimethylaniline.—3 : 5-Dinitro-p-dimethylaminoacetanilide (2 g.) was 
boiled for 5 minutes with a mixture of concentrated sulphuric acid (10 c.c.) and water (30 c.c.), 
and the cooled solution gradually diluted with water; the sulphate of 2 : 6-dinitro-4-amino- 
dimethylaniline separated in yellow needles, m. p. 140—145° (Found : S, 6-1. CgH,,0,N,,$H,SO, 
requires S, 5-8%). This was readily converted by trituration with water into the base, which 
crystallised from aqueous alcohol in crimson or orange-red prisms and from carbon tetrachloride 
in long slender crimson needles, m. p. 157° (to a deep red liquid) (Found: N, 25-0. C,H,0O,N, 
requires N, 24-8%). The hydrochloride crystallised from dilute hydrochloric acid in large 
lustrous yellow plates, m. p. 187° (decomp.) (Found: Cl, 13-5. C,H,.0O,N,,HCl requires 
Cl, 13-6%), and was readily dissociated by water. The picrate was obtained from benzene 
solution in small yellow prisms, m. p. 129° (to a red liquid) (Found: N, 21-7. C,,H,,;0,,N, 
requires N, 21:5%). 

Improved Preparation of 3: 5-Dinitro-p-methylnitrosoaminoacetanilide.—A  well-stirred 
solution of ~-dimethylaminoacetanilide (6 g.) in concentrated sulphuric acid (30 c.c.) and water 
(60 c.c.) was treated rapidly with a mixture of nitric acid (15 c.c., d 1-4, and 5 c.c., d 1-5) and 
water (20 c.c.). The temperature rose quickly from 25° to 60°, brown fumes were copiously 
evolved, and the nitrosoamine separated in fine buff-coloured crystals (7-5 g.), m. p. 149°, and 
153° after one crystallisation from alcohol (Found : N, 24-9. Calc.: N, 24:7%). 


The authors thank the Department of Scientific and Industrial Research for a grant to one 
of them (J. H. C.), and the Imperial Chemical Industries Ltd. (Dyestuffs Group) for gifts of 
chemicals. 


TECHNICAL COLLEGE, HUDDERSFIELD. [Received, March 22nd, 1934.] 





191. Primary Photochemical Reactions. Part IV. Decomposition 
of Methyl Ethyl Ketone and Methyl Butyl Ketone. 
By Rona_p G. W. NorrisH and MARGARET E. S. APPLEYARD. 


THE photochemical decomposition of many aldehydes in the gaseous state is now known 
to take place by the simple reaction RC-CHO = RH + CO to the extent of at least 95%, 
(Norrish and Kirkbride, J., 1932, 1518). Since the hydrocarbon RH is formed in such 
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predominantly large proportion, it has been suggested (idem, ibid.) that each molecule 
of hydrocarbon has its origin from a single molecule of aldehyde, and that the process does 
not take place by the scission of free radicals or hydrogen atoms, for if this were the case, 
appreciable quantities of hydrogen and the hydrocarbon R-R would be expected, whereas 
the yield of hydrogen is rarely more than about 2% of the total gaseous products. 

In order to obtain further insight into the mechanism involved, it is desirable to find 
whether the analogous decomposition of the vapours of ketones is equally simple. Acetone 
vapour gives mainly carbon monoxide and ethane in nearly equivalent proportions (Berthelot 
and Gaudechon, Compt. rend., 1910, 151, 478; 1912, 155, 207; see also Part V of this 
series). It is not clear, however, whether decomposition occurs by way of free radicals, 
or whether each molecule of ethane has its origin in a single molecule of acetone. 

To distinguish as far as possible between these possibilities we have now studied the 
photochemical decomposition of the two mixed ketones named in the title. The results 
show clearly that the simple change COR,R, —> R,’R, + CO does not take place, for 
methyl ethyl ketone yields the three hydrocarbons, ethane, propane, and butane, in nearly 
equal quantities, together with an equivalent of carbon monoxide. 

If it be argued, in spite of these results, that the paraffin is really produced initially 
as pure propane of such high energy content that the molecules react among themselves 
to give ethane and butane, we may cite the analogous decomposition of :sobutaldehyde 
where propane is produced almost exclusively (Franke and Pollitzer, Sitzungsber. K. 
Akad. Wiss. Wien, 1913, 122, 2B, 183; Monatsh., 1913, 34, 797); if there were any 
instability about the freshly formed molecules of hydrocarbon, we should expect a mixture 
in each case instead of only in one. 

The primary decomposition of methyl butyl ketone almost quantitatively follows the 
unexpected course 


CH,-CH,*CH,*CH,-CO-CH, —> CH,CH:CH, + CH,CO-CH,. . . (I) 


and the production of small quantities of ethylene in the decomposition of methyl] ethyl 
ketone suggests that this also undergoes a similar primary change to a limited extent : 


C,H,-CO-CH, —> CH,(CH,+CH;CHO  .. . . (2) 


These results raise certain questions relative to the transfer of energy from the chromo- 
phoric group to other parts of the molecule which are of fundamental importance; they 
are discussed on p. 878. 

Both the ketones now studied, like acetone, have the absorption band characteristic 
of the carbonyl group, extending from about 3300 to 2200 A.U. Absorption of light in 
this region leads to the photochemical decomposition mentioned above. The spectroscopic 
evidence and fluorescence data of other carbonyl substances, particularly of formaldehyde 
and acetone, show that the decomposition is a spontaneous disruption, for the absorption 
spectra show the characteristics of predissociation, especially with reference to fluorescence. 
These data will be discussed in a paper (Part V) on the decomposition of acetone vapour, 
in which the whole of the evidence is critically examined. 


EXPERIMENTAL. 


Methyl ethyl ketone was obtained from Messrs. Hopkin and Williams; methyl butyl ketone 
was prepared from ethyl acetoacetate and propyl iodide. Both ketones were purified through 
their sodium bisulphite compounds, followed by repeated fractional distillation; b. p.’s 79-5° 
and 127° respectively. 

The apparatus used for the photochemical decomposition is shown in the fig. The quartz 
flask A had a neck 8 cm. long and 2 cm. wide and was attached by way of a ground-glass stopper 
to the double-surface water-condenser B and the litre globe C. The whole apparatus could be 
evacuated by way of D through a Toepler pump. By completely evacuating and then cooling 
A in liquid air, about 5 g. of ketone were distilled into A from a side reservoir F. The tap D 
was then closed, and the liquid air removed from A, the ketone being allowed to reflux under 
gentle heat from a small flame. The vapour in the neck of the flask was illuminated by a vertical 
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mercury lamp E£, consuming 5 amps. at a terminal voltage of 150. The products of photo- 
decomposition gradually accumulated mainly in the large bulb C. After the illumination had 
D continued for a suitable time (specified below), the 
products of decomposition were removed by the Toepler 
pump and collected in three or more fractions. The 
first fraction was pumped off through a trap H cooled 
in liquid nitrogen, the quartz flask being similarly 
cooled, and consisted mainly of carbon monoxide, and 
also any methane or hydrogen if present. After the 
F first fraction had been collected, the condensate in the 
trap was alftewed to warm, and distilled back into 
the quartz flask. The second fraction was then pumped 
off, the trap and quartz flask being now cooled at some 
higher temperature. The process was repeated with the 
third and later fractions, progressively higher temper- 
atures being used. The various fractions were separately 
| analysed by standard methods. 

Methyl Ethyl Ketone.—On interposing a plate of 
“Vita” glass between the lamp and the reaction flask, 
scarcely any decomposition occurred; this showed that 
light of shorter wave-length than 3100 A.U. was re- 
sponsible for the photochemical change. Exposures 


were then made using the full light of the mercury 

lamp. 
E Experiment 1.—Exposure 12 hours. One portion of 
H Fraction B after absorption of the olefin exploded 





& 











accurately as ethane, and a second portion exploded as a 
whole as a mixture of ethylene and ethane. 


Volume at 0°, c.c. 





Temp. at which it . Mixed paraffins 
Fraction. was pumped off. Total. CO, O, CO. CH, C,H,. C,H,. exploding to C,H,. 


A — 196° 30°9 0 0 276 33 0 0 0 
B — 78 (Ist fraction) 10°9 0 0 0 0 2-9 8-0 0 
Cc — 78 (2nd fraction) 19°0 0 0 0 0 2°6 0 16°4 


Fraction C after removal of the olefin yielded a paraffin, part of which exploded as propane. 
That it was by no means pure propane, however, was shown by the fact that when a specimen 
was condensed in carbon dioxide-ether, and then allowed to warm, it exhibited the properties 
of a mixture of ethane, propane, and butane. This observation was carried out by introducing 
about 3 c.c. of the gas into a gas burette attached to a small, and completely evacuated tube 
of about 1 c.c. capacity. On cooling the tip of this tube in the freezing mixture nearly all the 
gas was liquefied. By adding ether, the cooling mixture was caused to warm by small stages. 
At — 60°, about 2 c.c. of the gas were liquefied, and the remainder appeared to behave as a 
perfect gas. The liquid persisted without perceptible change to — 45°, and between this 
temperature and — 35° about 1-1 c.c. of gas boiled off. The remainder was still liquid at — 28° 
and remained so in ice—hydrochloric acid at — 20°. The liquid boiled finally to about 0-8 c.c. 
of gas at some temperature above — 20° and below that of the room. The fraction of b. p. 
— 45° to — 35° was propane (b. p. — 44°), and the final fraction butane (b. p. — 0-5°). As 
far as could be judged, there was slightly more propane than butane. 

Experiment 2.—Exposure 2} hours. By separating the gaseous products into four fractions, 
as indicated, it was possible to make a partial separation of the hydrocarbons; for instance, 

Volume, c.c. at 0°. 


a 





Temp. at which it ~ 
Fraction. was pumped off. Total. CO, O,. CO. CHy. C,Hy CyH,. CsHg. CyH yp. 


A — 196° 27°8 0 0 262 16 0 0 0 0 
B — 110 7°65 03 0 0 0 3°3 4:05 0 0 
Cc — 90 72 0 0 0 0 2°5 ll 3°6 0 
D — 78 9°75 0 0 0 0 0°65 0 2°5 6°6 


after removal of the olefin, fraction C exploded mainly as propane, and fraction D mainly as 
butane. Assuming C to be a mixture of ethane and propane, and D to be a mixture of propane 
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and butane, it was possible to calculate the quantities of these hydrocarbons present from the 


data of the explosion. 
The percentage composition of the gaseous products is shown below; the results of a third 
but incomplete experiment are also shown. 


Composition of gaseous products, %. 
Expt. 1 45°5 5°4 9°05 13-2 ee 0 


uw 2 50-0 3°05 12°3 9°8 116 12°5 0°55 





» & 51:0 4:3 4°9 39°8 


From these results, it will be seen that 35—40% of the gaseous products consists of a mixture 
of ethane, propane, and butane in comparable proportions. This means that 70—80% of the 
reaction takes the course CH,*CO*C,H, —> }(C,H, + CsH, + C,Hyp) + CO; 20—25% of 
the reaction, as judged from the amount of ethylene produced, may take the course (2) (p. 875). 
The methane produced may in part originate from the secondary photodecomposition of the 
acetaldehyde: CH,*CHO—> CH,+ CO. The main decomposition, yielding paraffin and 
carbon monoxide, thus gives a mixture of paraffins rather than a single substance, and the 
paraffin molecules cannot originate from a single molecule of ketone. 

Methyl Butyl Ketone.—The gaseous products were here divided into three fractions: (1) by 
pumping off from liquid nitrogen through a trap cooled in liquid nitrogen, thus allowing any 
carbon monoxide, methane, or hydrogen to be separated; (2) by pumping off with the flask 
cooled to — 78° with solid carbon dioxide—ether, the trap being cooled at — 110°; and (3), as 
for (2), but with the trap cooled in liquid nitrogen. The results are in Table I. 


TABLE I. 
Volume, c.c. at 0°, 
Temp. at which it cr —~_— ~ 
Fraction. was pumped off. Total. CO, 0, CO. H,. CH, C,H, CsH,. Acetone. 
Experiment 1. Irradiated 4 hours. 
— 196° 12°1 0 965 0°75 0 0 0 
4:3 68-2 0 


0 





7 


0 1: 
— 110 72°5 0 0 0 0 0 
0 0 


— 78 0 0 0 0 


Experiment 2. Irradiated 6} hours. 
196 20°4 0 0 174 19 
110 95°5 0 0 0 0 

Experiment 3. Irradiated 7 hours. 


—196 . 15°8 0 0 13° 1+] 1:2 0 
— 110 54°8 0 0 0 0 0 9°9 44°7 0 


Experiment 1.—In this case the larger fraction came off at — 110° and consisted predominantly 
of propylene as was shown by combustion of specimens, (1) after and (2) without absorbing the 
olefin. After all the gas had been pumped off, the trap was cooled in liquid nitrogen, and the 
flask in carbon dioxide-ether, a considerable liquid fraction C being slowly distilled into the 
trap. A small weighed tube with a constriction for sealing off was attached by pressure tubing 
to the section of the apparatus carrying the manometer. After complete evacuation, the liquid 
was distilled into this tube, and its vapour pressure measured at room temperature (16-5°) 
and found to be 154-5 mm. The liquid was then condensed back into the small tube by means 
of liquid nitrogen, and the tube sealed off and weighed. It was found that 0-175 g. of liquid 
had been collected. 

With part of the liquid a microdetermination of b. p. showed that two-thirds boiled between 
57° and 59° and the rest below 61°. By using mixtures of liquid nitrogen and alcohol, the 
remaining portion of the liquid was found to freeze sharply at — 94-5°. These physical constants 
characterise the liquid as pure acetone (v. p. at 16-5°, 158 mm.; b. p. 56-5°; f. p. — 95°). Since 
the boiling point appeared a little high, a similar microdetermination was made with pure acetone, 
which was found to have b. p. 57—58-5° by this method. Finally, it was found that the liquid 
fraction C showed all the qualitative reactions of a ketonic substance. 

Experiment 2.—In the expectation that the ethane arises mainly from the secondary 
decomposition of acetone, the acetone produced in this run was distilled back into the undecom- 
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posed methyl butyl ketone in the reaction flask, and re-illuminated (Expt. 3). An increase 
in the proportion of carbon monoxide and ethane (see below) confirmed this hypothesis. 
The percentage compositions of the gaseous products calculated from the results of Expts. 1, 


2, and 3, were as follows : 
Composition of gaseous products, %. 
co. H,. CH,. C;Hg. C,H,g. 
Expt. 1 11-4 2°0 0°95 80°6 5-1 
- © 15-0 16 1-05 73°7 10°3 
ie Ee 19°2 16 1°7 63°5 141 


These results show that methyl butyl ketone decomposes primarily almost completely into 
an equimolecular mixture of propylene and acetone. 

In Expt. 1 (Table I) the acetone formed is almost exactly equivalent to the propylene 
produced. The relationship of Expt. 3 to Expt. 2 described above shows that the ethane and 
part of the carbon monoxide result from the photodecomposition of the acetone. 


DIscussIoNn.* 


The unexpected nature of the decomposition products of the two ketones raises certain 
considerations of fundamental interest. By comparison with the closely analogous case 
of acetone, it may be accepted that we have to deal in each case with a spontaneous 
unimolecular decomposition. The diffuseness of the absorption spectra of these ketones, 
though not in itself a completely reliable criterion of spontaneous decomposition, neverthe- 
less becomes such when coupled with fluorescence data. With acetone vapour there is a 
sharp threshold of fluorescence near the beginning of the absorption spectrum, and in the 
region of diffuseness beyond 3000 A.U. there is no trace of fluorescence even at low pressure. 
The spectroscopic interpretation of these facts will be discussed in the next paper, but in 
brief they may be taken as indicating that the molecule upon absorbing its quantum of 
active light passes to an upper level which is unstable and dissociates. 

As has already been pointed out by one of us (Norrish, Trans. Faraday Soc., 1934, 
30, 103), in dealing with the primary photochemical decomposition of molecules of this 
sort, however, there is an added complexity not found in simpler di- and tri-atomic mole- 
cules. For, whereas in these simpler cases, ¢.g., chlorine or nitrogen peroxide, the link which 
is ruptured is also that which is concerned with light absorption, this cannot always be said 
to be the case when the molecule contains a chromophoric group which can be distinguished 
from other parts of the structure. 

In the case of aldehydes and ketones, this chromophoric centre is the carbonyl group 
and is responsible for the characteristic absorption of these substances in the ultra-violet 
between 3500 and 2000 A.U. It is not, however, the chromophoric group which is disrupted 
in the photochemical change : no oxygen whatever is formed in the decomposition. Rather 
do the effects pass to other parts of the molecule, and in the present instance it must 
be assumed that the energy passes in whole or in part from the carbonyl link to some point 
in the hydrocarbon chains, with the result that carbon monoxide and a mixture of paraffins 
are produced in nearly equivalent proportion. This result may be explained by the reactions : 


CH,:CO-C,H, —> -CH, + °C,H, + CO — ca. 80 kg.-cals. . . . (3) 
‘CH, + °C,H, —> C,H. +C,H,+CHy) . - . . . (4) 


This is not the only possible change, however, for with methyl ethyl ketone, some 20%, 
of the reaction probably follows the course (2) (p. 875), while with methyl butyl ketone, 
the analogous reaction (1) predominates almost completely. 

The problem which presents itself is how the energy of the absorbed light quantum, 
which is at first located in the carbonyl group, is transmitted to the hydrocarbon chains. 
The quantity of energy involved is large: to split off the free alkyl radicals in reaction (3) 
requires some 80 kg.-cals. or up to 90% of the absorbed light quantum. To bring about 


* The thermal data used in this paper are based on the values already given by one of us (Norrish, 
Trans. Faraday Soc., 1934, 30, 103). 
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reactions (1) and (2) a high energy absorption is also required if we judge from the energy 
of activation of the unimolecular decomposition of butane, where some 65 kg.-cals. are 
required (Pease and Durgan, J. Amer. Chem. Soc., 1930, 52, 1262) for the thermal activation 
of the reaction CH,-CH,-CH,-CH, —> CH,°CH:CH, + CH,. 

The process by which free radicals are split off in, e.g., methyl ethyl ketone, is to be 
conceived as entirely analogous to the Auger effect. Here, in the case of atoms, it sometimes 
happens that reversion from an excited to a normal state occurs without radiation, the 
whole of the energy being absorbed in the ejection of an electron from some other part of 
the atom instead. The extension of this idea to the case of molecules has been made by 
Herzberg, and it is not difficult to see the analogy in the present instance. Thus it happens 
that the energy of excitation of the chromophore becomes available for the dissolution 
of immediately contiguous bonds, and consequently the liberation of the alkyl groups 
directly attached to it. 

It is noteworthy that for acetone the threshold of fluorescence occurs at ca. 3000 A.U. 
(94 kg.-cals.), while photodecomposition persists to at least 3200 A.U. (88 kg.-cals.). The 
energy absorbed in the ejection of both free radicals at once is 80 kg.-cals., so that, allowing 
for the usual short region of “‘ overlap,” there is a reasonable agreement with the above 
conception. It is alternatively possible that reaction (3) may take place in two stages, the 
primary ejection of one free radical, ¢.g., 


CH,°CO-C,H; —_—_> CH," + -CO-C,H; — 89-5 kg.-cals., 
being followed by the spontaneous decomposition of the free acyl group : 
C,H,*CO- —> C,H,* + CO + 9-5 kg.-cals. 


The value of the C—C link would appear to be in good agreement with the photochemical 
and fluorescence thresholds of acetone referred to above. The present results are unable 
to distinguish between the alternatives of simultaneous or successive ejection of hydro- 
carbon radicals, but if successive, the spontaneous decomposition of the free acyl radicals 
must follow rapidly, since there is no deficiency of carbon monoxide in the products such 
as would result from the fixation of acyl radicals by polymerisation or by combination 
with other ketone molecules. 

For the case of methyl butyl ketone, where the energy passes to greater distances along 
the molecule, and ultimately decomposes the butyl chain to give propylene, the foregoing 
simple idea is inadequate. It is improbable that a simple Auger effect would extend to 
great distances within the molecule. We are, however, familiar in molecular physics with 
the conception of the “ collision of the second kind,” a process involving the radiationless 
transfer of energy from an excited molecule or atom to another with which it is in collision. 
Such collisions give rise to many well-known photosensitised reactions, such as those 
produced by excited atoms of mercury, neon, or xenon. 

It may now be suggested that the large polyatomic molecule may vibrate periodically 
through a given phase, in which a radiationless transfer of energy between the excited 
chromophoric group and some other group within the molecule becomes probable. Such 
a condition is conceived as partaking of the same nature as a collision of the second kind 
between different particles. We shall describe this process as “ inner sensitisation.” The 
probability of a transfer of energy in this way will be dependent upon the existence of some 
degree of resonance between the hydrocarbon and the excited carbonyl groups, but the 
primary process of resonance, while it destroys the possibility of fluorescence, need 
not in every case be followed by chemical reaction; more than one effect may be possible, 
and thermal degradation may well be one of them. This could obviously occur if the 
probability of decomposition of the hydrocarbon chain when the energy of activation is 
directed at the critical spot, is not unity. It is thus readily understandable that such 
processes may lead to a quantum yield considerably less than unity in the continuous 
part of the spectrum, and that some molecules which absorb and do not fluoresce may 
escape reaction through a process of internal degradation. 
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SUMMARY. 


The photochemical decomposition of the two mixed ketones, methyl ethyl ketone and 
methyl butyl ketone, has been investigated. Light of wave-length 3000—2200 A.U. brings 
about the following decompositions : 


CH,-CO-C,H, —> }(CsH, + CsHg + C,Hy9) + CO (70—80%) 
CH,:CO-C,H, —> C,H, + CH,CHO (probably ; 20—25%) . 
CH,-CH,-CH,-CH,CO-CH, —> CH,*CH:CH, + CH,°CO-CH, . 


It is concluded that reaction (1) occurs by the scission of free radicals. Both this and reaction 
(3) require considerable quantities of energy, probably amounting to more than 50% of 
the absorbed light quantum, and the problem as to how this energy is transferred from the 
chromophoric group to the point of rupture is considered. With reference to (3), it is 
suggested that in polyatomic molecules with more than one group, a process of “ inner 
sensitisation ”’ akin to a collision of the second kind may occur, in which there is a radi- 
ationless transfer of energy from the one group to the other. The recipient group may 
then decompose or lose its energy as heat within the molecule. 


We are indebted to the Royal Society and the Chemical Society for grants for apparatus. 
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NOTES. 


The Parachor of Hydrogen Bromide. By Tuomas G. PEarson and Percy L. RoBINson, 


Tue surface tension and density of liquid hydrogen bromide as determined by McIntosh and 
Steele (Proc. Roy. Soc., 1904, 78, 450) differ markedly from the values anticipated from the 
corresponding data for the hydrides of chlorine and iodine (see this vol., p. 739). In particular, 
their value for the surface tension at the b. p. is higher than that of hydrogen iodide at its b. p. 
We have determined these two constants, and our results agree well with the anticipated 
figures; an error in the earlier density measurement was responsible for the erroneous value 
of surface tension. 

Hydrogen bromide, prepared by the action of bromine vapour on excess of hydrogen in the 
presence of platinised asbestos, was condensed in liquid air and fractionated in a vacuum. 
The determination of surface tension was effected by capillary rise, and that of density in a 
Pyrex pyknometer, the apparatus and procedure being identical with that previously described 
(Durrant, Pearson, and Robinson, this vol., p. 732). The results, together with the parachors 
calculated therefrom, are recorded in the table, wherein D = liquid density, d = vapour 
density, 4 = difference in level of the liquid in the capillaries, r, = 0-27165 mm., 7, = 0-49920 
mm.,g = 981-45, y = surface tension = 7,7.¢(3h + r, — 7;)(D — d)/6(r, — 7), P = parachor = 
yt M|(D — 4). 

HBr, HBr, vol. D, d, h, y 
Temp. wt. (g.). (c.c.). g./c.c. g./c.c. cm. dynes/cm. PA 
— 67°1° 18372 0°8087 2-717 0-005 0-416 27°07 81°39 
— 60°0 18372 0°8210 2-238 0:007 0°399 25°54 81°53 
— 46°0 1°8372 0°8449 2-174 0-012 0-366 22°67 81°86 


From the data, the coefficient of expansion between — 67-1° and — 46° = 0-002119, the 
temperature coefficient of surface tension = 0-2085 dyne/cm. /degree, and the Ramsay-Shields 
constant d{(Mv)ty) /dt = 1-91, showing that the liquid is, at most, but slightly associated.— 
UNIVERSITY OF DURHAM, ARMSTRONG COLLEGE, NEWCASTLE-UPON-TYNE. [Received, April 26th, 
1934.] 





The Colour Changes in Light and Darkness of Ammonium Thiocyanate Solutions. By Bu. S. V. 
RAGHAVA Rao. 


THE reversible changes of colour which a concentrated aqueous solution of ammonium thiocyanate 
undergoes in light and in darkness have formed the subject of a number of communications. 
These are reviewed by Sharma (J., 1930, 308), who agreed that traces of iron are essential 
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for the changes, but put forward the view that an oxygen complex of ferric thiocyanate of 
unknown composition is formed during the light reaction. In view of the conflicting evidence, 
it seemed desirable to reinvestigate the phenomenon, and the following experiments show it 
to be due to reversible oxidation—reduction processes involving iron present as impurity. 

1. The changes are not shown by carefully purified ammonium thiocyanate. 

2. A solution of the salt which is insensitive to light may be made active by the addition 
of 0-0033 mg. of iron per 1., but such a solution is not rapidly decolorised in the dark. Rapid 
decoloration is effected by addition of small quantities of heavy metals, e.g., lead, manganese ( ?), 
and especially mercury; addition of sulphurous acid or mere boiling of the solution also 
accelerates decoloration in the dark. 

3. In active samples of the substance the presence of iron may be proved by reaction with 
dimethylglyoxime, which gives a faint but detectable rose-red coloration with 1 part of iron 
in 10° parts. 

4. The coloration proceeds only in the presence of oxygen; nitrogen and carbon dioxide 
greatly retard or entirely inhibit it. 

5. Nitric acid, hydrogen peroxide, and ozone produce the coloration in the absence of light. 

6. The colour may be extracted with ether or amyl alcohol. 

7. Identical absorption spectra are shown by a dilute solution of ferric thiocyanate and by 
solutions of the ammonium thiocyanate whether initially active or rendered so as in (2) above. 

8. Fatigue effects are not present: repeated insolation and keeping in the dark does not 
impair the activity of the solution. 

9. The coloration proceeds equally well in glass and in silica vessels. Light of wave-lengths 
below 500 uy is active (maximum at 360—450 uy), but light of longer wave-length accelerates 
the decoloration. 

10. Preliminary experiments on the rate of coloration in the total radiation from a 100 c.p. 
Pointolite lamp have shown that the coloration proceeds linearly with time of exposure at first ; 
the relationship then becomes more complicated and this is being further investigated. The 
linear relationship is maintained for longer if the solution is stirred, showing that the complexity 
arises in part from the absorption of the active radiation by the coloured solution. The rate 
of coloration is also proportional to the intensity of the incident light. 

Expts. 1, 2, and 3 show that the presence of iron is necessary for the exhibition of the colour 
changes. Expts. 4 and 5 further show that the coloration is an oxidation process, thermal or 
photochemical, and the decoloration is a dark reduction process. Expts. 6 and 7 indicate that 
the colouring matter is ferric thiocyanate. 

Sharma rejected the view that the colour was due to ferric thiocyanate on the grounds that 
this substance “‘ is decolorised neither by heating nor by keeping in the dark; moreover, it is 
bleached by light.’’ His hypothesis was advanced solely because, in general, ferric salts are 
known to be reduced by the action of light, but this effect may be reversed in the presence 
of more easily reducible substances; and Winther (Z. Elekirochem., 1912, 118, 138) has shown 
that in the presence of mercuric chloride ferrous salts are oxidised, the reverse reaction taking 
place in the dark.— ANDHRA UNIVERSITY, WALTAIR, S. INpDIA. [Received, March 26th, 1934.] 














